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»Nista nije konacno dok u nama postoji trazenje...”
Mesa Selimovi¢

Postovane koleginice i kolege, dragi prijatelji,

Lekari i svi zdravstveni radnici su bili i ostali beskompromisni pregaoci u odrzavanju zdravlja i Zivota
ljudi. U toj vecitoj misiji postoji i deo sopstvenog trazenja, kao podsticaj da se uvek u saznanju ide dalje i
pruzi vise.

Jedna od grana medicine koja se suocava sa najtezim i najkompleksnijim oboljenjima jeste upravo
hematologija. Ovaj broj Srpskog medicinskog casopisa Lekarske komore je posvecen hematologiji i svima
onima koji ¢e Zeleti da iz njega saznaju nesto vise o hemato-onkoloskim oboljenjima, izazovima u njiho-
voj dijagnostici i savremenim terapijskim modalitetima. Ali, da se malo vratimo u proslost...

Re¢ hematologija potice od grckih reci haima (aipa — krv) i logos (Aoyog — nauka). Proucavanje krvi i njenih
sastavnih delova ima veoma dugu istoriju, posto je primitivni ¢ovek shvatio da je gubitak krvi, ako je dovolj-
no velik, povezan sa smrcu. A u biblijskim referencama, ,proliti krv” je bio termin koji se koristio u znacenju:
»ubiti” U eri pre mikroskopije, mogao se proucavati samo grubi makroskopskiizgled krvi. Kada se posmatrala
u staklenoj posudi, videlo se da zgrusana krv formira razli¢ite slojeve, a smatralo se da ti slojevi ¢ine sup-
stancu ljudskog tela, te su se zdravlje i bolest posmatrali kao rezultat pravilne me3avine ili pak neravnoteze
ovih slojeva. Mikroskopsko ispitivanje krvi, koje su, koristeci prvi mikroskop, sproveli van Levenhuk i njegovi
saradnici u XVII veku, omogucilo je da se teorija i dogma postepeno zamene nau¢nim saznanjima.

Tokom poslednjih nekoliko decenija, napretkom tehnologije, razvile su se automatizovane moleku-
larno-bioloske tehnike, koje omogucavaju elektronsku manipulaciju ¢elijama i otkrivanje genetskih mu-
tacija koje leze u osnovi izmenjene strukture i funkcije humanih celija i proteina, a kao takve rezultuju u
pojavi hematoloskih oboljenja.

Septembarski broj Casopisa pokazuje veliko publicisti¢ko pregalastvo i entuzijazam u ovoj dragocenoj
grani medicine. Nakon pregleda dostavljenih i za publikaciju prihvacenih rukopisa, posebno bih se zahva-
lila svim autorima i saradnicima koji su nam ustupili rezultate svojih originalnih istrazivanja, uobli¢ene u
veoma kvalitetne radove, a takode i autorima revijalnih radova i serija interesantnih slucajeva.

Naime, u ovom broju, koji stize do svojih ¢italaca uoci 6. Kongresa hematologa Srbije sa medunarod-
nim uces¢em, nalazi se 17 radova, od toga 7 originalnih, 7 preglednih i tri rada koja prikazuju kazuistiku. U
okviru originalnih radova, dva se tematski odnose na akutnu mijeloidnu leukemiju (AML).

Prvi rad pod nazivom: ,Prognosticki i prediktivni znacaj merljive rezidualne bolesti u akutnoj mijelo-
blastnoj leukemiji” Jovana Raji¢a i saradnika, analizira odredivanje rezidualnih leukemijskih ¢elija pomo-
¢u merljive rezidualne bolesti (engl. measurable residual disease — MRD), prvobitno nazvane minimalna
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EDITORIAL

"Nothing is final as long as we continue to search...
Mesa Selimovi¢

Dear colleagues and friends,

Doctors and all healthcare workers have always been uncompromising and tireless in preserving health
and life. A part of this never-ending mission is searching within ourselves, which motivates us to learn fur-
ther and give more.

One of the branches of medicine that deals with the most severe and complex diseases is hematology.
This issue of the Serbian Journal of the Medical Chamber is dedicated to hematology and to all the readers
who would like to learn more about hemato-oncological diseases, the challenges in establishing their diag-
nosis, and modern therapeutic modalities. But first, let’s take a moment to go back in time...

The word hematology originates from the Greek words haima (aiua - blood) and logos (Adyo¢ - sci-
ence). The study of blood and its components has a lengthy history, as primitive man understood that the
loss of blood, if copious enough, was associated with death. Also, in biblical references, “to shed blood”
was a term denoting: “to kill” In the period before microscopy, only the gross macroscopic appearance
of blood could be studied. When observed in a glass container, the coagulated blood was seen to form
different layers, and these layers were thought to make up the substance of the human body, while health
and disease were seen as the result of the proper mixture of these layers or an imbalance among them.
Microscopic examination of blood, first carried out by van Leeuwenhoek and his colleagues in the 17th
century, using the first microscope, made it possible for scientifically proven knowledge to gradually re-
place theory and dogma.

Over the past few decades, with the advancement of technology, automated molecular biological tech-
niques have been developed, enabling electronic cell manipulation and the detection of genetic mutations
which are the underlying cause of the altered structure and function of human cells and proteins, and as
such, lead to hematological diseases.

The September issue of the Journal demonstrates how driven and enthusiastic researchers in this crucial
branch of medicine are to publish their studies. After reviewing the manuscripts submitted and accepted for
publication, | would especially like to thank all the authors of high-quality articles reporting original research
results, as well as the authors who have submitted review articles and interesting case series.

This issue, which will reach its readers on the eve of the 6th Congress of Hematologists of Serbia with
international participation, presents 17 articles: 7 original articles, 7 review articles, and three case reports.
The topic of two of the original articles is acute myeloid leukemia (AML).

The first article, Prognostic and predictive significance of measurable residual disease in acute myeloblastic
leukemia, by Jovan Raji¢ et al., analyzes the detection of residual leukemic cells via measurable residual dis-
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rezidualna bolest (engl. minimal residual disease - MRD). Dokazano je da MRD predstavlja najvazniji pro-
gnosticki i prediktivni faktor u akutnoj mijeloidnoj leukemiji, te ovaj rad daje jos jedan doprinos ovoj pro-
blematici. Naime, u ovoj studiji, znacajno duze trajanje kompletne remisije (engl. complete remission — CR)
i duze ukupno prezivljavanje (engl. overall survival — OS), imali su bolesnici koji su posle pozitivnhog MRD
statusa (MRD+) nastavili leCenje intenzivnom hemioterapijom. Takode, CR i OS su bili statisticki znacajno
duzi kod bolesnika koji su na kraju leCenja zadrzali negativni MRD status.

Drugi je rad Marijane Virijevi¢ i saradnika, koji retrospektivno analizira klinicke karakteristike i preziv-
ljavanje kod odraslih bolesnika sa akutnom mijeloidnom leukemijom, kroz iskustvo tercijarne ustanove.
Autori su prikazali da kod bolesnika le¢enih intenzivnom hemioterapijom postoji niska stopa OS, da go-
dine starosti i podtip AML-a, kao i displasti¢ne karakteristike, odnosno MRC (engl. myelodysplasia-related
changes), predstavljaju nepovoljne faktore povezane sa kra¢im OS, kao i kra¢im prezivljavanjem bez zna-
kova bolesti (engl. disease free survival — DFS).

Rad Natalije Kecman i saradnika analizira razvoj febrilne neutropenije (FN) kod bolesnika sa hemato-
loskim malignitetima lecenih u uslovima dnevne bolnice tercijarne ustanove. Pokazano je da su vedi broj
terapijskih linija i ciklusa imunohemioterapije, klinicki stadijum bolesti, prisustvo bulky tumorske mase i
stepen agresivnosti limfoma bili povezani sa razvojem febrilne neutropenije.

Hematoloska toksi¢nost inhibitora ciklin zavisnih kinaza 4 i 6 (CDK4/6i) u leCenju metastatskog karci-
noma dojke, kroz iskustvo tercijarnog centra, analizirana je u radu Slobodana Kutica i saradnika. U ovom
radu je prikazano da je kod 82.1% pacijentkinja tretiranih pomoc¢u CDK4/6i doslo do pojave jatrogene ne-
utropenije, ali su obustave terapije bile retke. Takode, palijativna radioterapija kostanih lezija je bila pove-
zana sa ¢e$¢om doznom redukcijom CDK4/6i, ali redukcija doze ovih lekova nije uticala na prezivljavanje.

Nada Vlaisavljevic¢ i saradnici pokazali su u svom radu da bi aktivha konkomitantna terapija insulinske
rezistencije kod novodijagnostikovanih bolesnika sa multiplim mijelomom (NDMM) mogla da unapredi
njihov terapijski odgovor na primenjenu antimijelomsku terapiju. Naime, uocena je statisticki znacajna
negativna korelacija HOMA-IRIn (engl. homeostatic model assessment-insulin resistance index, naste), na-
kon primenjene terapije, i postignutog terapijskog odgovora.

Retrospektivna analiza klinickih karakteristika bolesnika sa mijeloproliferativnim neoplazmama (MPN),
mladih od 40 godina, predmet je rada Isidore Arsenovic i saradnika. Pokazano je da vecina bolesnika pri-
pada ELN (engl. European LeukemiaNet) grupi niskog rizika, medutim, zbog razvoja tromboze, prisutnih
tegoba, stepena trombocitoze i splenomegalije, skoro 50% njih primilo je citoreduktivnu terapiju. Prika-
zani rezultati ukazuju na potrebu bolje stratifikacije rizka, kao i upotrebe drugacijih metoda za procenu
rizika bolesti, kao 5to je NGS (engl. next generation sequencing).

Da hemioterapijski protokol ABVD nije adekvatan za sve pacijente sa uznapredovalim klasi¢nim Ho¢-
kinovim limfomom (UkHL), kroz petogodisnje iskustvo jednog centra, prikazuju Vojin Vukovic¢ i saradnici.
U ovoj retrospektivnoj studiji ispitivani su klinicko-laboratorijski parametri, leCenje i ishod bolesnika, uz
zaklju¢ak da znacajan broj pacijenata ne moze biti izle¢en ABVD protokolom, vec je za njih neophodno
obezbediti intenzivnije leCenje ili inovativne terapijske modalitete.

Prvi u grupi revijalnih radova jeste rad Zorice Cvetkovi¢ i saradnika, koji prikazuje znacaj anemije kod
bolesnika sa srcanom slabos¢u, uz detaljnu analizu njene multifaktorske etiologije, kompleksne patofizi-
ologije, kao i specificnosti terapijskog pristupa.

Slededi rad iz ove grupe se odnosi na lekovima indukovane trombocitopenije (LITP) autora Nade Su-
vajdzi¢-Vukovi¢ i Mirjane Cvetkovi¢. Rad se bavi analizom ucestalosti i mehanizama nastanka lekovima
indukovane trombocitopenije, uz pojedinacni prikaz lekova uzrocnika, kao i prikazom vakcinama induko-
vane trombozne trombocitopenije (VITT).

Nikica Sablji¢ i saradnici, u svom radu analiziraju rizik od krvarenja, kao potencijalni problem nakon
primene direktnih oralnih antikoagulasa (DOAK), uz prikaz rezultata vecine studija koje pokazuju da je
rizik od intrakranijalne hemoragije primenom DOAK-a manji, u poredenju sa primenom lekova iz grupe
antagonista vitamina K (VKA), kao i da je rizik od major krvarenja isti ili ak i manji primenom DOAK-a. U
zakljucku, autori navode da se Cini da ¢e VKA lekovi postepeno otici u istoriju, odnosno da ¢e se koristiti
samo u odredenoj, jasno definisanoj populaciji.
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ease (MRD), originally named minimal residual disease. It has been proven that MRD represents the most
important prognostic and predictive factor in acute myeloid leukemia, and the article further contributes
to this topic. Namely, in this study, patients who continued treatment with intensive chemotherapy after a
positive MRD status (MRD+) had significantly longer complete remission (CR) and overall survival (OS). Also,
CR and OS were statistically significantly longer in patients who maintained a negative MRD status at the
end of treatment.

The second article presents the study by Marijana Virijevi¢ et al., which retrospectively analyzes clinical
characteristics and survival in adult patients with acute myeloid leukemia, through the experience of a ter-
tiary institution. The authors demonstrated a low OS rate in patients treated with intensive chemotherapy.
They also showed that age, AML subtype, and dysplastic characteristics, i.e. MRC (myelodysplasia-related
changes), were unfavorable factors associated with shorter OS and shorter disease-free survival (DFS).

In their article, Natalija Kecman et al. analyze the development of febrile neutropenia (FN) in patients
with hematological malignancies treated at the day-care unit of a tertiary institution. They demonstrated
that a higher number of therapeutic lines and cycles of immunochemotherapy, the clinical stage of the dis-
ease, the presence of bulky tumor mass, and the degree of lymphoma aggressiveness were associated with
the development of febrile neutropenia.

The hematological toxicity of inhibitors of cyclin-dependent kinases 4 and 6 (CDK4/6i) in the treatment
of metastatic breast cancer, through the experience of a tertiary center, was analyzed in the study by Slo-
bodan Kuti¢ et al. In this article, it was shown that iatrogenic neutropenia occurred in 82.1% of patients
treated with CDK4/6i, but discontinuation of therapy was rare. Also, palliative radiotherapy of bone lesions
was associated with more frequent CDK4/6i dose reduction, however, the dose reduction of these drugs did
not affect survival.

In their study, Nada Vlaisavljevi¢ et al. demonstrated that active concomitant therapy of insulin resistance
in newly diagnosed patients with multiple myeloma (NDMM) could improve their therapeutic response to
the applied antimyeloma treatment. Namely, the authors observed a statistically significant negative cor-
relation between the fasting homeostatic model assessment-insulin resistance index (HOMA-IRIf) after
treatment and the achieved therapeutic response.

A retrospective analysis of the clinical characteristics of patients with myeloproliferative neoplasms
(MPN) under the age of forty is presented in the article by Isidora Arsenovi¢ et al. The study showed that the
majority of patients belonged to the European LeukemiaNet (ELN) low-risk group, however, due to the de-
velopment of thrombosis, existing complaints, and the degree of thrombocytosis and splenomegaly, almost
50% of these patients received cytoreductive therapy. The presented results indicate the need for better risk
stratification, as well as the application of different methods of disease risk assessment, such as next-gener-
ation sequencing (NGS).

Through the five-year experience of a single center, Vojin Vukovi¢ et al. have demonstrated that the
ABVD chemotherapy regimen is not adequate for all patients with advanced-stage classical Hodgkin lym-
phoma (AScHL). This retrospective study examines clinical and laboratory parameters, treatment, and pa-
tient outcomes. The authors have concluded that a significant number of patients cannot be cured with the
ABVD regimen, which is why it is necessary to provide them with more intensive treatment or innovative
therapeutic modalities.

The first among the review articles, submitted by Zorica Cvetkovi¢ et al., shows the importance of anemia
in patients with heart failure and provides a detailed analysis of its multifactorial etiology, complex patho-
physiology, and the specificities of the applied therapeutic approach.

The next article in this group, written by Nada Suvajdzi¢-Vukovi¢ and Mirjana Cvetkovi¢, focuses on
drug-induced thrombocytopenia (DITP). The article analyzes the incidence and mechanisms of drug-in-
duced thrombocytopenia occurrence, providing an individual description of the causative drugs, as well as
a description of vaccine-induced thrombotic thrombocytopenia (VITT).

In their article, Nikica Sablji¢ et al. analyze the risk of bleeding as a potential problem with the use of di-
rect oral anticoagulants (DOACs). They argue that the results of most studies show a lower risk of intracranial
hemorrhage with the use of DOACs, as compared to the use of drugs from the vitamin K antagonists (VKA)
group, as well as the same or even lower risk of major bleeding with the use of DOACs. In conclusion, the
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Andrija Bogdanovi¢ i Danijela Lekovi¢ se u svom revijalnom radu bave analizom literature koja se od-
nosi na aktuelno le¢enje primarne mijelofibroze (PMF). U zaklju¢ku navode da je lecenje ove bolesti i da-
lje izazov, da primena ruksolitiniba, prvog predstavnika inhibitora Janus kinaze (JAKi) omogucava dobru
kontrolu bolesti kod skoro polovine bolesnika, a da novi lekovi treba da omoguce lecenje refraktornih
bolesnika ili da poboljsaju terapijski odgovor.

Prikazom klinickih manifestacija udruzenih sa prisustvom antifosfolipidnih (engl. antiphospholipid —
aPL) antitela bave se Predrag Milji¢ i saradnici. U radu se istice heterogenost grupe autoantitela usmerenih
na anjonske fosfolipde ili proteine koji se vezuju za fosfolipide, kao i njihova udruzenost sa brojnim klini¢-
kim manifestacijama u gotovo svim oblastima medicine. Navodi se da je antifosfolipidni sindrom (engl.
antiphospholipid syndrome — APS) najpreciznije definisani entitet koji se karakterise prisustvom navedenih
antitela. Prikazuju se prethodna, ali i najnovija klasifikacija, koje se odnose na kriterijume za postavljanje
dijagnoze APS.

Danijela Jovanovic¢ i Predrag Burdevi¢ prikazuju odlike retkog entiteta, bolesti talozenja lakih lanaca,
kao jednog od oblika obolevanja koji se odnosi na talozenje monoklonskih imunoglobulina. Analiziraju
se dijagnosticki kriterijumi, klini¢cka prezentacija, od kojih je najcesci nefriticki sindrom, kao i terapijski
modaliteti, a akcenat se stavlja na multidisciplinarni pristup, najpre nefrologa, hematologa i patologa.

Klini¢ki znacaj feroptoze, koja se prvi put spominje 2012. godine, predmet je rada Danijele Agi¢ i sa-
radnika. Radi se o neapoptotskom, nenekroznom i neautofagnom putu celijske smrti koji zavisi od gvoz-
da i koji zahteva prisustvo lipidnih peroksida, a inhibira se ferostatinom. Autori su sproveli pretrazivanje
Medline baze podataka sa posebnim osvrtom na radove koji su se bavili znacajem feroptoze u klinickoj
medicini, a prvenstveno u hematologiji.

Interesantni kazusi, u vidu slucajeva sa pregledom literature i serijom slucajeva, doprineli su sveo-
buhvatnosti ovog broja. Tako su Jelena Ivanovi¢ i saradnici dali prikaz bolesnice kod koje je postavljena
dijagnoza Hockinovog limfoma u trudnodi, uz pregled literature koja se bavi ovom problematikom. Au-
tori isti¢u da lec¢enje Hockinovog limfoma tokom trudnoce predstavlja kompleksan izazov koji zahteva
koordinisan multidisciplinarni pristup i personalizovani plan lecenja.

Andrijana Koji¢ i Mila Puri¢ prikazuju dve bolesnice sa multiplim mijelomom kod kojih je dijagnosti-
kovana diseminacija u centralni nervni sistem (CNS-MM). Navedeni entitet je veoma redak i ¢ini manje od
1% ekstramedularnih multiplih mijeloma, a manifestuje se spektrom neuroloskih deficita. U zaklju¢ku se
navodi da, uprkos napretku u dijagnostici i le¢enju, prognoza CNS-MM-a ostaje losa zbog kompleksnog
i agresivnog klinickog toka, a zbog niske incidencije i ograni¢enosti podataka, ukazuje se na potrebu za
daljim istrazivanjima.

Rad koji se odnosi na progresiju bolesti kod tri pacijenta sa primarnom mijelofibrozom (PMF) niskog
rizika dali su Mihailo Smiljanic i saradnici. lako je medijana prezivljavanja ovih pacijenata preko 15 godina,
prema “MOST” prospektivnoj studiji, progresiju bolesti ima skoro 60% njih, te je cilj autora bio da kroz
prikaze slucajeva predstave tok bolesti i le¢enje. U zakljucku se, s obzirom na navedeno, ukazuje potreba
za istrazivanjima koja ¢e pokazati da li rana NGS analiza non-driver mutacija i rano uvodenje terapije do-
prinose promeni toka bolesti.

Nadamo se da ¢e ovaj tematski broj Casopisa, kao vesnik predstoje¢eg Kongresa hematologa, pribliZiti
svim nasim citaocima kompleksnost ove problematike, ukazati na rad i pozrtvovanost celog tima struc-
njaka, kao i na znacaj stalnog usavrsavanja. Sve ovo upravo predstavlja to neprestano trazenje, kao odraz
licnog i profesionalnog napretka, a na dobrobit svih hematoloskih pacijenata.

S postovanjem,
Profesor Milena Todorovic Balint
Pomocnik glavnog i odgovornog urednika
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authors state that it seems that VKA drugs will gradually become obsolete, i.e., they will be used only in a
certain, clearly defined population.

The review article, by Andrija Bogdanovi¢ and Danijela Lekovi¢, analyzes the literature on the current
treatment of primary myelofibrosis (PMF). In their conclusion, the authors state that the treatment of this
disease remains a challenge, that the use of ruxolitinib (the first representative of the Janus kinase inhibitor
- JAKi) enables good control of the disease in almost half of the patients, and that new drugs should be able
to treat refractory patients or improve therapeutic response.

Clinical manifestations associated with the presence of antiphospholipid (aPL) antibodies are the focus
of the article written by Predrag Milji¢ et al. The article highlights the heterogeneity of the group of autoan-
tibodies targeting anionic phospholipids or phospholipid-binding proteins, as well as their association with
numerous clinical manifestations in almost all areas of medicine. The authors state that antiphospholipid
syndrome (APS) is the most precisely defined entity characterized by the presence of said antibodies. They
present the previous and the most recent classifications of the criteria for establishing the diagnosis of APS.

Danijela Jovanovi¢ and Predrag Burdevi¢ present the characteristics of a rare entity, light chain depo-
sition disease, as one of the forms of monoclonal immunoglobulin deposition disease. The article analyzes
the diagnostic criteria, clinical presentation (the most common being nephritic syndrome), and therapeutic
modalities, while emphasizing a multidisciplinary approach, primarily by nephrologists, hematologists, and
pathologists.

The clinical significance of ferroptosis, which was mentioned for the first time in 2012, is the subject of
the article by Danijela Agic et al. It is a non-apoptotic, non-necrotic, and non-autophagic type of cell death
dependent on iron, which requires the presence of lipid peroxides and is inhibited by ferrostatin. The authors
searched the Medline database with special reference to articles dealing with the significance of ferroptosis
in clinical medicine, primarily in hematology.

Interesting case studies, in the form of case reports with a literature review and case series, contributed
to the comprehensiveness of this issue. Thus, Jelena Ivanovic et al. presented the case of a patient diagnosed
with Hodgkin’s lymphoma during pregnancy, as well as a review of the existing literature dealing with this
issue. The authors point out that the treatment of Hodgkin's lymphoma during pregnancy is a complex chal-
lenge that requires a coordinated multidisciplinary approach and a personalized treatment plan.

Andrijana Koji¢ and Mila Puri¢ present two patients with multiple myeloma diagnosed with central ner-
vous system involvement (CNS-MM). This entity is quite rare, accounting for less than 1% of extramedullary
multiple myeloma, and manifests as a variety of neurological deficits. The authors conclude that, despite
advances in diagnostics and treatment, the prognosis of CNS-MM remains poor owing to the complex and
aggressive clinical course of the disease, at the same emphasizing that further research is necessary, due to
low incidence and limited data.

The article reporting on disease progression in three patients with low-risk primary myelofibrosis (PMF)
is presented by Mihailo Smiljanic¢ et al. Although the median survival of these patients is more than 15 years,
according to the MOST prospective study, almost 60% have disease progression, which is why the authors
aimed to present the course of the disease and treatment through the case reports. Due to the above-stated
characteristics of the disease, the authors conclude that there is a need for further research that would show
whether early NGS analysis of non-driver mutations and early initiation of therapy contribute to a changein
the course of the disease.

We hope that this themed issue of the Journal, heralding the upcoming Congress of Hematologists, will
bring the complexity of the subject of hematology closer to all our readers and highlight the dedicated work
of an entire team of experts, as well as the importance of continuous improvement. All this is, in fact, a part of
the constant pursuit and a reflection of personal and professional progress, all for the benefit of hematology
patients.

Sincerely,
Professor Milena Todorovic Balint
Assistant Editor-in-Chief
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SAZETAK

Uvod: Akutna mijeloblastna leukemija (AML) predstavlja heterogenu grupu klonskih
neoplasticnih bolesti hematopoeznih celija. Odredivanje rezidualnih leukemijskih celija
(merljiva rezidualna bolest; engl. measurable residual disease — MRD) predstavlja najvaz-
niji prognosticki i prediktivni faktor u akutnoj mijeloblastnoj leukemiji.

Cilj rada: Cilj rada je analiza efekta primenjene hemioterapije na osnovu rezultata MRD
testa kod bolesnika sa akutnom mijeloblastnom leukemijom, lecenih na Klinici za hema-
tologiju Univerzitetskog klinickog centra Srbije.

Materijali i metode: Nasa studija je obuhvatila analizu 111 bolesnika sa akutnom mi-
jeloblastnom leukemijom, lecenih u periodu od januara 2020. do januara 2024. godine.
Sve dijagnosticke procedure su bazirane na najnovijim preporukama ELN (engl. European
LeukemiaNet) grupe.

Rezultati: Znacajno duzu remisiju (engl. complete remission — CR) i duZe ukupno pre-
Zivljavanje (engl. overall survival — 0S) imali su bolesnici koji su posle MRD+ nastavili
lecenje intenzivnom hemioterapijom (HT), primenom punih doza 3+7 hemioterapi-
ja, kao reindukcije. CR (p=0,004) i 0S (p =0,019) su bili statisticki znaajno duZi kod
bolesnika koji su na kraju lecenja zadrZali negativni MRD status. Kod transplantiranih
bolesnika, ukupno prezivljavanje (0S; p = 0,006) i trajanje remisije (CR; p =0,002) bili
su znacajno duZi (medijana: 0S 20 meseci; (R 21 mesec), u odnosu na grupu netran-
splantiranih bolesnika (medijana: 0 13 meseci; (R 8 meseci).

Diskusija: Kao biomarker, merljiva rezidualna bolest (engl. measurable residual disease —
MRD) moZe imati prognosticki i prediktivni znacaj, ali apsolutni merljivi nivo bolesti nije je-
dina determinanta ishoda bolesnika posto biologija akutne mijeloblastne leukemije i drugi
klinicki faktori samog bolesnika (starost, komorbiditeti, razlicite komplikacije primenjene
hemioterapije, narocito infektivne) modifikuju rizik povezan sa rezultatima MRD testa.

Zakljucak: Studija je pokazala veliki znacaj pravovremenog odredivanja MRD, adekvat-
nost primene intenzivnije HT kod MRD pozitivnih bolesnika, uz nastavak lecenja aloge-
nom transplantacijom mati¢nih celija hematopoeze.

Klju¢ne reci: akutna mijeloblastna leukemija, prognoza, terapija, merljiva rezidualna
bolest
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ABSTRACT

Introduction: Acute myeloblastic leukemia (AML) is an umbrella term for a hetero-
geneous group of clonal neoplastic diseases of hematopoietic cells. Detecting residual
leukemic cells (measurable residual disease — MRD) is the most important prognostic and
predictive factor in AML.

The aim: The study aims to analyze the effect of administered chemotherapy based on
the results of MRD testing in patients with AML treated at the University Clinical Center of
Serbia (UCCS) Clinic for Hematology.

Materials and methods: Our study included the analysis of 111 AML patients, treat-
ed between January 2020 and January 2024. All diagnostic procedures performed were
based on the most recent recommendations of European LeukemiaNet (ELN).

Results: MRD+ patients who continued treatment with intensive chemotherapy (CHT),
using full doses of 3+7 CHT as reinduction therapy, had a significantly longer remission
(complete remission— CR) and alonger overall survival (0S). The duration of CR (p =0.004)
and 0S (p = 0.019) were statistically significantly longer in patients who maintained a
negative MRD status at the end of treatment. In transplanted patients, overall survival
(0S; p=0.006) and duration of remission (CR; p = 0.002) were significantly longer (medi-
an: 05 20 months; CR 21 months), as compared to the group of non-transplanted patients
(median: 0S 13 months; (R 8 months).

Discussion: Measurable residual disease (MRD) can be both prognostic and predictive.
However, the absolute measurable level of the disease is not the only determinant of
the patient’s outcome, since the biology of AML, as well as other clinical patient-related
factors (age, comorbidities, various complications of applied chemotherapy, especially
infections), modify the risk associated with MRD test results.

Conclusion: The study has demonstrated the great importance of timely detection of
MRD, as well as the appropriateness of applying more intensive CHT in MRD-positive
patients, along with continued treatment with allogeneic hematopoietic stem cell trans-
plantation.

Keywords: acute myeloblastic leukemia, prognosis, therapy, measurable residual
disease
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PROGNOSTICKI | PREDIKTIVNI ZNACAJ MERLJIVE REZIDUALNE BOLESTI U AKUTNOJ MIJELOBLASTNOJ LEUKEMUI

Raji¢ J.isar.

PROGNOSTIC AND PREDICTIVE SIGNIFICANCE OF MEASURABLE RESIDUAL DISEASE IN ACUTE MYELOBLASTIC LEUKEMIA

uvoD

Akutna mijeloblastna leukemija (AML) predstavlja he-
terogenu grupu klonskih neoplasti¢nih bolesti hema-
topoeznih celija. Primena intenzivne hemioterapije, sa
ili bez primene inhibitora malih molekula ili imunote-
rapije, dovodi do visokog procenta citomorfoloske re-
misije od oko 80%, narocito kod bolesnika mladih od
60 godina. Problem je visoka stopa relapsa, koja iznosi
30% - 60% unutar dve godine, $to predstavlja glavnu
barijeru dugotrajnom izle¢enju u AML-u [1]. Odavno
je poznato da citomorfoloska remisija, koja ima nivo
osetljivosti od oko 1%, odnosno prisutnost manje od
5% blasta, brojano na 300 do 500 ¢elija sa jedrom, nije
garancija potpunog izlecenja kada je u pitanju AML
[1,21.

Odredivanje rezidualnih leukemijskih ¢elija, prvo-
bitno nazvano: minimalna rezidualna bolest (engl. mi-
nimal residual disease — MRD) a zatim merljiva rezidu-
alna bolest, (engl. measurable residual disease — MRD),
predstavlja najvazniji prognosticki i prediktivni faktor
u AML-u [3].

U poslednjih pet godina, meta-analize su pokazale
da, bez obzira na koris¢enu metodologiju odredivanja
MRD, bolesnici koji su bili pozitivni, bilo u odredenom
vremenskom trenutku pre alogene transplantacije ma-
ticnih celija hematopoeze (aloTMCH) ili uopsteno, u
bilo kom periodu le¢enja akutne mijeloblastne leuke-
mije, imaju znacajno krace prezivljavanje u odnosu na
MRD negativne bolesnike [4,5].

Postoje tri glavne tehnike odredivanja MRD u
AML-u: multiparametarska protoc¢na citometrija (engl.
— multiparametric flow-cytometry - MFC), metoda kvan-
titativne lancane reakcije polimeraze (engl. — quantita-
tive polymerase chain reaction — gPCR) i sekvencionira-
nje sledece generacije (engl. - next-generation sequen-
cing - NGS) [1,4,5].

Imunofenotipizacija pomocu MFC tehnike je kljuc-
na za postavljanje dijagnoze akutne mijeloblastne leu-
kemije, ali i za odredivanje MRD. Precizno primenjenim
markerima postize se osetljivost od 103. Postoje dva
pristupa u ovoj metodi. Prvi se bazira na identifikaciji
jednog ili vise imunofenotipova povezanih sa leukemi-
jom (engl. - leukemia associated immunophenotype —
LAIP) pri postavljanju dijagnoze i pra¢enju tokom celo-
kupnog le¢enja. Drugi se fokusira na detekciju ¢elijske
populacije koja pokazuje odstupanje od obrazaca ek-
spresije antigena karakteristi¢nih za normalne ili rege-
nerisuce Celije, takozvane razlike od normalnog (engl.
difference from normal - DfN). Preporucuje se kombina-
cija oba pristupa [6,7].

Metoda lan¢ane reakcije polimeraze (engl. polyme-
rase chain reaction — PCR) ima senzitivhost od 10* do
10°. Ovom metodom se mogu otkriti mutacije DNK

INTRODUCTION

Acute myeloblastic leukemia (AML) is an umbrella
term for a heterogeneous group of clonal neoplastic
diseases of hematopoietic cells. The use of intensive
chemotherapy, with or without the use of small mol-
ecule inhibitors or immunotherapy, leads to a high
percentage of cytomorphological remission of about
80%, especially in patients younger than 60 years. The
problem is the high rate of relapse, which is 30% — 60%
within two years, which represents the main barrier to
achieving complete cure in AML [1]. It has long been
known that cytomorphological remission, which has a
sensitivity level of about 1%, i.e. the presence of less
than 5% blasts, counted in 300 to 500 nucleated cells,
is not a guarantee of complete cure when it comes to
AML [1,2].

Detecting residual leukemic cells, originally re-
ferred to as minimal residual disease (MRD) and subse-
quently measurable residual disease (MRD), is the most
important prognostic and predictive factor in AML [3].

In the last five years, meta-analyses have shown
that, regardless of the methodology used to detect
MRD, patients who were positive, either at a certain
point in time before allogeneic hematopoietic stem
cell transplantation (alloTMHC) or in general, during
any period of treatment for acute myeloblastic leuke-
mia, have significantly shorter survival compared to
MRD negative patients [4,5].

There are three main techniques for detecting
MRD in AML: multiparametric flow-cytometry (MFC),
quantitative polymerase chain reaction (gqPCR), and
next-generation sequencing (NGS) [1,4,5].

Immunophenotyping by MFCis crucial for the diag-
nosis of acute myeloblastic leukemia, but also for MRD
detection. Precisely applied markers achieve a sensitiv-
ity of 102. There are two approaches to this method.
The first approach is based on the identification of one
or more immunophenotypes associated with leukemia
(leukemia-associated immunophenotype — LAIP) at di-
agnosis and monitoring throughout the entire treat-
ment. The second approach focuses on the detection
of cell populations deviating from antigen expression
patterns characteristic of normal or regenerating cells,
the so-called difference from normal (DfN). A combina-
tion of both approaches is recommended [6,7].

The polymerase chain reaction (PCR) method has a
sensitivity of 10*to 10°. This method can detect DNA
mutations at very sensitive levels. Polymerase chain
reaction represents a more sensitive and standardized
way of quantifying a specific mutation, which seems to
be an ideal method for the detection of low levels of
residual leukemic cells. However, this method also has
several limitations. Perhaps the most important lim-
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na veoma osetljivim nivoima. Lan¢ana reakcija poli-
meraze predstavlja osetljiviji i standardizovaniji nacin
kvantifikacije specificne mutacije, sto izgleda kao ide-
alna metoda za detekciju niskog nivoa rezidualnih leu-
kemijskih celija. Medutim, i ova metoda ima nekoliko
ogranienja. Mozda je najvaznije ogranicenje hetero-
genost same akutne mijeloblastne leukemije, jer je,
uprkos brojnim citogenetskim i molekularnim muta-
cijama, genom relativno stabilan u AML-u. Izuzetak su
kasni stadijumi AML-a, kao i postojanje mutacije TP53
ili kompleksnog kariotipa [8,9].

Sekvencioniranje slede¢e generacije DNK i RNK
je najosetljivija tehnika (do 107 senzitivnosti), ali se
standardi ove tehnike jo$ uvek uspostavljaju. Glavno
ogranicenje ove tehnike, kada je u pitanju odrediva-
nje MRD, jeste Cinjenica da je AML ,tornado” niskog
mutacionog statusa, gde ¢esto mutacije nisu u jednoj
tacki, vec su u pitanju fuzije gena ili druge strukturne
varijacije, koje je teze otkriti aktuelnim NGS pristupom.
Takode, jos jedno ogranic¢enje NGS-a je $to se ne mogu
detektovati varijante sa ucestalos¢u manjom od 1%,
zbog stope greske konvencionalnog NGS-a, dajuci mo-
gucnost lazno negativnog rezultata [10-12].

Posle 60 godina relativne stagnacije u osavremeniji-
vanju kriterijuma odgovora u AML-u, Evropska mreza
za leukemiju (engl. European LeukemiaNet — ELN) je,
2017. godine, uvela novu kategoriju MRD-negativnih
kompletnih remisija [13]. Zatim je, 2018. godine, usle-
dilo saopstenje prvog ELN konsenzusa o standardnim
smernicama za lecenje, koji sadrzi detaljna uputstva za
primenu proto¢ne citometrije, molekularnog testiranja
i klini¢kih tumacenja MRD u AML-u [14].

ELN AML MRD smernice su azurirane (uz pretpo-
stavku da ¢e ove smernice zasnovane na dokazima biti
azurirane svake dve do Cetiri godine). One sadrze sko-
ro 60 razlicitih preporuka koje obuhvataju niz metoda
detekcije MRD, kao $to je multiparametarska proto¢na
citometrija (MFC) MRD, potom molekularni MRD, kao i
smernice za klinicku upotrebu MRD i uputstva za bu-
dudi napredak u sferi MRD [15].

CiLJ RADA

Svesni velikog prognosti¢kog i prediktivnog znacaja
merljive rezidualne bolesti, analizirali smo njen znacaj
kod bolesnika sa AML-om le¢enih na Klinici za hemato-
logiju UKCS, sa ciljem da prikazemo strategiju testira-
nja MRD, vidove terapije koje smo primenjivali, poseb-
no kod MRD pozitivnih (MRD*) bolesnika, i prezZivljava-
nje bolesnika sa AML-om u odnosu na vrednost MRD.

MATERUALI I METODE

Dijagnoza je uspostavljena pomocu mijelograma.
Odredivanje imunofenotipskih karakteristika AML-a je

itation is the heterogeneity of acute myeloblastic leu-
kemia itself since, despite numerous cytogenetic and
molecular mutations, the genome is relatively stable in
AML. Exceptions are late stages of AML, as well as the
presence of a TP53 mutation or a complex karyotype
[8,9].

Next-generation DNA and RNA sequencing is the
most sensitive technique (up to 107 sensitivity), but
standards for this technique are still being established.
The main limitation of this technique, when it comes
to detecting MRD, is the fact that AML is a “tornado”
of low mutational status, where mutations are often
not in one point, but gene fusions or other structural
variations, which are more difficult to detect with the
current NGS approach. Also, another limitation of NGS
is that variants with a frequency of less than 1% cannot
be detected, due to the error rate of conventional NGS,
thus opening the possibility of a false negative result
[10-12].

After 60 years of relative inactivity in updating
response criteria in AML, in 2017, the European Leu-
kemia Network (ELN) introduced a new category of
MRD-negative complete remissions [13]. In 2018, this
was followed by the announcement of the first ELN
consensus on standard treatment guidelines, which
contains detailed instructions for the application of
flow cytometry, molecular testing, and clinical inter-
pretations of MRD in AML [14].

The ELN AML MRD guidelines have been updat-
ed (with the expectation that these evidence-based
guidelines will be updated every two to four years).
They contain almost 60 different recommendations
covering a range of MRD detection methods, such as
MRD by multiparametric flow cytometry and molecu-
lar MRD detection, as well as guidelines for the clinical
use of MRD and instructions for future developments
in the field of MRD [15].

STUDY AIM

Aware of the great prognostic and predictive signifi-
cance of measurable residual disease, we have analyzed
the significance of MRD in patients with AML treated
at the University Clinical Center of Serbia (UCCS) Clinic
for Hematology, with the aim of presenting the MRD
testing strategy, the modalities of the therapy applied,
especially in MRD-positive (MRD+) patients, and the
survival of patients with AML in relation to the MRD
values.

MATERIALS AND METHODS

The diagnosis was established using a myelogram. The
immunophenotypic characteristics of AML were de-
termined at diagnosis; cytogenetic/molecular testing
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izvrSeno pri dijagnozi bolesti; uradeno je citogenetsko/
molekularno ispitivanje; stratifikacija rizika bolesnika
sa AML-om je izvrdena na osnovu ELN kriterijuma [16].
Za odredivanje MRD statusa, koris¢ena je metoda mul-
tiparametarske protoCne citometrije, na osmokolor-
nom proto¢nom citometru [17,18].

Statisticka analiza

U zavisnosti od od tipa varijabli i normalnosti raspode-
le, deskripcija podataka je prikazana kao n (%) ili medi-
jana (min-maks). Za analizu prezivljavanja korid¢ena je
Kaplan-Majerova metoda. Za procenu funkcije preziv-
ljavanja ovih pacijenata u zavisnosti od transplantacije
i pozitivhe MRD posle tri ili vise ciklusa hemioterapije
koris¢en je log-rank test, a za procenu nezavisnog pre-
diktora smrtnog ishoda primenjen je Koksov proporci-
onalni regresioni model sa 95% intervalom poverenja.
Podaci su cenzorisani iz sledecih razloga: ispitanik je
preziveo celokupan period praéenja ili je izgubljen iz
evidencije. Statisticke hipoteze su testirane na nivou
statisticke znacajnosti (alfa nivo) od 0,05. Svi podaci su
obradeni u IBM SPSS Statistics 24 (SPSS Inc., Chicago, IL,
USA) softverskom paketu ili u R programskom okruze-
nju (R Core Team, 2023).

REZULTATI

Nasa studija je obuhvatila analizu 111 bolesnika sa
AML-om, le¢enih na Klinici za hematologiju UKCS, u
periodu od januara 2020. do januara 2024. Svi bolesni-
ci su primili najmanje dva ili vise ciklusa hemioterapije
(HT). Procena MRD je radena nakon dva ciklusa hemio-
terapije (indukcija i reindukcija ili indukcija i prva kon-
solidacija) i na kraju le¢enja hemioterapijom. Medijana
starosti ispitivanih bolesnika je bila 55 godina (18-75
godina). Od 111 bolesnika, 71 (64%) bolesnik je bio
starosti 18-60 godina, dok je 40 (36%) bolesnika bilo
starijeg Zivotnog doba, iznad 60 godina. Od ukupnog
broja, 64 (57,7%) bolesnika je bilo Zenskog pola, dok
je 47 (42,3%) pacijenata bilo muskog pola. Najveci broj
bolesnika, ukupno 59 (53,2%), imalo je ECOG perfor-
mans status (PS) 1. Neuroleukemiju je imalo 29 (26,1%)
bolesnika. Prema ELN klasifikaciji, najvise bolesnika je
svrstano u grupu intermedijarnog rizika, odnosno 67
(60,4%) bolesnika, povoljan oblik je imalo 20 (18,0%)
pacijenata, dok je nepovoljan oblik bio prisutan kod
24 (21,6%) pacijenta. FLT3-ITD (engl. FMS-like tyrosi-
ne kinase 3 internal tandem duplication) pozitivnost je
bila prisutna kod 15 (13,5%) pacijenata, dok je NPM1
(engl. nucleophosmin 1) mutacija bila pozitivha kod 27
(24,3%) bolesnika. Dati rezultati su prikazani u Tabeli 1.

Najces¢i primenjivani protokol indukcione hemio-
terapije je bio 3+7 i primenjen je kod 61 (55%) bole-
snika. Sedam (6,3%) pacijenata je uz 3+7 primilo i FLT3

was performed; risk stratification of AML patients was
carried out based on ELN criteria [16]. To determine
the MRD status, the method of multiparametric flow
cytometry was applied, using an eight-color flow cy-
tometer [17,18].

Statistical analysis

Depending on the type of variables and the normali-
ty of distribution, data is presented as n (%) or median
(min-max). The Kaplan-Meier method was used for sur-
vival analysis. The log-rank test was used to evaluate
the survival function of these patients depending on
transplantation and positive MRD after three or more
cycles of chemotherapy, and the Cox proportional re-
gression model with a 95% confidence interval was
used to evaluate the independent predictor - fatal out-
come. Data were censored for the following reasons:
the subject survived the entire follow-up period or was
lost from the records. Statistical hypotheses were test-
ed at a statistical significance level (alpha level) of 0.05.
All data were processed with the IBM SPSS Statistics 24
(SPSS Inc., Chicago, IL, USA) software package or in the
R programming environment (R Core Team, 2023).

RESULTS

Our study analyzed 111 AML patients, treated at the
UCCS Clinic for Hematology, between January 2020 to
January 2024. All patients received at least two or more
cycles of chemotherapy (CHT). MRD assessment was
performed after two cycles of chemotherapy (induction
and reinduction or induction and first consolidation)
and at the end of chemotherapy treatment. The medi-
an age of the examined patients was 55 years (18-75
years). Out of 111 patients, 71 (64%) patients were aged
18-60 years, while 40 (36%) patients were older than 60
years. Out of the total number, 64 (57.7%) patients were
female, while 47 (42.3%) were male. The largest number
of patients, 59 (53.2%) in total, had ECOG performance
status (PS) 1. Neuroleukemia was present in 29 (26.1%)
patients. According to the ELN classification, most pa-
tients were classified in the intermediate risk group, i.e.
67 (60.4%) patients, 20 (18.0%) patients were in the fa-
vorable risk group, and 24 (21.6%) patients were in the
adverse risk group. FMS-like tyrosine kinase 3 internal
tandem duplication (FLT3-ITD) positivity was present in
15 (13.5%) patients, while the nucleophosmin 1 (NPM1)
mutation was positive in 27 (24.3%) patients. These re-
sults are presented in Table 1.

The 3+7 regimen was the most frequently applied
induction chemotherapy regimen. It was used in 61
(55%) patients. Seven (6.3%) patients received the
FMS-like tyrosine kinase 3 (FLT3) inhibitor (midostau-
rin) in addition to the 3+7 regimen, while 25 (22.5%)
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Tabela 1. Inicijalne klinicke karakteristike ispitivanih bolesnika

18-60
Starost /Age
>60
Muski / Male
Pol / Gender .
Lenski/ Female
0
1
ECOG / ECOG P
3
Povoljan / Favorable
ELN /ELN Intermedijaran / Intermediate
Nepovoljan / Adverse
Neuroleukemija / Da/ Yes
Neuroleukemia Ne /No
Pozitivan / Positive
FLT3 /FIT3
Negativan / Negative
Pozitivan / Positive
NPM1 /NPM1
Negativan / Negative
Ukupno / Total

Legenda: £C0G — engl. Eastern Cooperative Oncology Group; ELN — engl. European Leuke-
mia Network; FLT3 — engl. FMS-like tyrosine kinase 3; NPM1 — engl. nucleophosmin 1

(FMS-like tyrosine kinase 3) inhibitor (midostaurin), dok
je 25 (22,5%) bolesnika primalo 3+7 light, odnosno 18
(16,2%) bolesnika je primilo 2+5 protokol.

Citomorfolosku remisiju nakon indukcione HT po-
stiglo je 64 (57,7%) bolesnika. Citomorfoloska remisija
nakon primene reindukcione HT je postignuta kod jos
20 (18%) pacijenata, dok je preostalih 27 (24,3%) bo-
lesnika bilo refraktorno na primenjenu HT. Dakle, u ci-
tomorfoloskoj remisiji je, posle indukcije i reindukcije,
bilo 84 (75,7%) bolesnika.

Nakon primene dva ciklusa HT, MRD negativnost je
ostvarena kod 35 (31,5%) bolesnika i svi su u nastav-
ku leceni IDAC konsolidacionom terapijom. Pozitivnhu
vrednost MRD je imalo 76 (68,5%) bolesnika koji su
leceni razli¢itim HT protokolima: Mitox-VP je primao
31 (40,8%) bolesnik, IDAC+DA je primilo 19 (25%) pa-
cijenata, IDA-VP je dobilo 8 (10,5%) bolesnika, MEC je
primilo 7 (9,2%) pacijenata, 3+7 je dobilo 7 (9,2%) bo-
lesnika, IDAC su dobila tri (4,0%) bolesnika, dok je FLAG
IDA primio jedan (1,3%) pacijent (Grafikon 1).

Kod 81 (73%) pacijenta je raden i MRD na kraju le-
¢enja, od kojih je 46 imalo negativan MRD, dok je 35
bolesnika imalo pozitivan MRD. Takode, od 50 bolesni-
ka koji su imali MRD pozitivnost nakon drugog ciklu-
sa HT, 28 (56%) pacijenata je ostvarilo negativan MRD
na kraju le¢enja. Relaps bolesti je ustanovljen kod 43
(37,8%) pacijenta.

Table 1. Initial clinical characteristics of the examined patients

Ucestalost / Frequency Procenat / Percentage

7 04.0
40 36.0
47 423
64 51.7
38 34.2
59 53.2
n 9.9
3 2.7
20 18.0
67 60.4
24 21.6
29 26.1
82 73.9
15 135
96 86.5
27 243
84 75.7
m 100.0

Legend: ECOG — Eastern Cooperative Oncology Group; ELN — European Leukemia Network;
FLT3 — FMS-like tyrosine kinase 3; NPM1 — nucleophosmin 1

patients received the 3+7 light regimen, and 18 (16.2%)
patients received the 2+5 regimen.

Cytomorphological remission after induction CHT
was achieved by 64 (57.7%) patients. Cytomorpho-
logical remission after reinduction CHT was achieved
in another 20 (18%) patients, while the remaining 27
(24.3%) patients were refractory to the applied CHT.
Thus, after induction and reinduction, there were 84
(75.7%) patients in cytomorphological remission.

After two cycles of CHT were administered, MRD
negativity was achieved in 35 (31.5%) patients, who
were all subsequently treated with IDAC consolida-
tion therapy. Seventy-six (68.5%) patients who were
treated with various CHT protocols had a positive MRD
value: 31 (40.8%) patients received Mitox-VP, 19 (25%)
patients received IDAC+DA, IDA-VP was administered
to 8 (10.5%) patients, MEC was received by 7 (9.2%)
patients, 7 (9.2%) patients received the 3+7 regimen,
IDAC was given to three (4.0%) patients, while FLAG
IDA was received by one (1.3%) patient (Graph 1).

In 81 (73%) patients, MRD testing was also per-
formed at the end of treatment. Of these patients, 46
were MRD-negative, while 35 patients were MRD-pos-
itive. Also, out of 50 patients who demonstrated MRD
positivity after the second cycle of CHT, 28 (56%) pa-
tients achieved MRD negativity at the end of treat-
ment. Disease relapse occurred in 43 (37.8%) patients.
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Grafikon 1. Vrsta primenjene terapije kod MRD pozitivnih bolesnika (nakon I
ciklusa inicijalne terapije)

Nakon primene dva ciklusa HT, MRD negativnost je ostvarena kod 35 (31,5%) bolesnika
i svi su u nastavku leceni konsolidacionom /DAC terapijom. Pozitivnu vrednost MRD-a je
imalo 76 (68,5%) bolesnika, koji su leceni razli¢itim HT protokolima: Mitox-VP je pri-
mio 31 (40,8%) pacijent; IDAC+-DA je primilo 19 (25%) pacijenata; IDA-VP je primilo 8
(10,5%) bolesnika; MECje dobilo 7 (9,2%) pacijenata; 3+7 je primilo 7 (9,2%) bolesnika;
IDAC je dobilo tri (4,0%) bolesnika; FLAG IDA je primio jedan (1,3%) pacijent.

Medijana ukupnog prezivljavanja (engl. overall
survival - OS) je kod nasih bolesnika iznosila 13 mese-
ci (2-69). Medijana duzine citomorfoloske remisije je
kod nasih bolesnika iznosila 9 meseci (0-64). Medijana
prezivljavanja je kod mladih bolesnika (18-60 godina)
iznosila 18,0 meseci (95% Cl = 13,3-22,7), dok je kod
starijih (> 60 godina) pacijenata iznosila 13,0 mese-
ci (95% Cl = 7,5-18,5), $to je statisticki znacajna razli-
ka (log-rank = 3,722; p = 0,054). Duzina remisije (engl.
complete remission — CR) je bila znacajno veca u staro-
snoj grupi 18-60 godina u odnosu na grupu > 60 godi-
na (p =0,02, HR = 0,568, 95% Cl/ = 0,352-0,915).

Nije postojala statisticki znacajna razlika u uku-
pnom prezivljavanju (OS) i duzini remisije (CR) u odno-
su na pol (p =0,245, HR = 1,321, 95% Cl = 0,826-2,114).
Nije utvdena statisti¢ki znacajna razlika u ukupnom
prezivljavanju (OS) i duZini CR u odnosu na MRD | status
(posle prve konsolidacije ili nakon dva ciklusa uvodne
terapije reindukcije), (p = 0,380; p = 0,288).

Medutim, medijana preZivljavanja kod bolesnika sa
pozitivnim MRD testom na kraju le¢enja je iznosila 16,0
meseci (95% Cl = 9,3-22,7), dok je kod MRD negativnih
pacijenata iznosila 36,0 meseci (95% C/ = 17,6-54,4), $to
je statisticki znacajna razlika (p =0,019). Ispitanici sa po-

Graph 1. Type of therapy used in MRD-positive patients (after the second cycle
of initial therapy)

After two cycles of CHT were administered, MRD negativity was achieved in 35 (31.5%)
patients and all of them were subsequently treated with consolidation IDAC therapy.
Seventy-six (68.5%) patients had a positive MRD and were treated with different CHT
protocols: 31 (40.8%) patients received Mitox-VP; 19 (25%) patients received IDAC+DA;
8 (10.5%) patients received IDA-VP; 7 (9.2%) patients received MEC; 3+7 was received
by 7 (9.2%) patients; three (4.0%) patients received IDAC; FLAG IDA was received by one
(1.3%) patient.

Median overall survival (OS) in our patients was 13
months (2-69). The median length of cytomorphologi-
cal remission in our patients was 9 months (0-64). Me-
dian survival in younger patients (18-60 years) was 18.0
months (95% Cl = 13.3-22.7), while in older (> 60 years)
patients it was 13.0 months (95% Cl = 7.5-18.5), which
is a statistically significant difference (log-rank = 3.722;
p=0.054).The length of remission (complete remission
- CR) was significantly longer in the age group 18-60
years, as compared to the group > 60 years (p = 0.02,
HR =0.568, 95% Cl = 0.352-0.915).

There was no statistically significant difference
in overall survival (OS) and length of remission (CR)
in relation to gender (p = 0.245, HR = 1.321, 95%
Cl = 0.826-2.114). No statistically significant differ-
ence was found in overall survival (OS) and length of
CRin relation to MRD | status (after the first consolida-
tion or after two cycles of initial reinduction therapy),
(p =0.380; p =0.288).

However, median survival in patients with a posi-
tive MRD test at the end of treatment was 16.0 months
(95% Cl = 9.3-22.7), while in MRD-negative patients it
was 36.0 months (95% Cl = 17.6-54.4), which is a sta-
tistically significant difference (p = 0.019). Subjects
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Grafikon 2. Kaplan-Majerova kriva ukupnog preZivljavanja (engl. overall survi-
val — 0S) u odnosu na MRD status na kraju lecenja

Medijana preZivljavanja kod bolesnika sa pozitivnim MRD-om na kraju lecenja iznosila je
16,0 meseci (95% Cl = 9,3-22,7), dok je kod pacijenata sa negativnim MRD-om iznosila
36,0 meseci (95% Cl = 17,6-54,4), $to je statisticki znacajna razlika (p = 0,019). Ispitanici
sa pozitivnim MRD-om na kraju lecenja imali su za preko dva puta veci hazard za nastanak
smrtnog ishoda (HR = 2,06, 95% Cl = 1,10-3,85; p = 0,024).

zitivnim MRD na kraju le¢enja imali su viSe od dva puta
vec¢i hazard za nastanak smrtnog ishoda (HR = 2,06,
95% Cl =1,10-3,85; p = 0,024), (Grafikon 2). Takode, du-
Zina CR je bila statisti¢ki znacajno veca kod bolesnika sa
negativnim MRD na kraju lecenja (p =0,004, HR=2.517,
95% Cl = 1,342-4,720).

Ukupno prezivljavanje (OS) je bilo znacajno duze u
grupi sa intermedijarnim rizikom leukemije (medijana
18 meseci) prema ELN klasifikaciji, u odnosu na grupu
sa povoljnim (medijana 13 meseci) i nepovoljnim (me-
dijana 6 meseci) rizikom (p = 0,013). Takode, duzina tra-
janja remisije (CR) je bila znac¢ajno duza u grupi bole-
snika sa intermedijarnim rizikom (medijana 14 meseci),
u odnosu na povoljni (medijana 11 meseci) i nepovolj-
ni rizik (medijana 5 meseci), (p = 0,014, HR = 0,503, 95%
C1=0,291-0,871).

Ukupno prezivljavanje (OS) je bilo znacajno duze
kod bolesnika kod kojih je primenjena reindukcija
punim dozama protokola 3+7 nakon pozitivnhog MRD
(medijana prezivljavanja 35 meseci), dok je prezivljava-
nje kod primene drugih protokola bilo znacajno ma-
nje: IDAC (medijana 15,5 meseci), IDAC+DA (medijana
13 meseci), MEC (medijana 10 meseci), Mitox-VP (medi-
jana 10 meseci), IDA-VP (medijana 7,5 meseci).

Graph 2. Kaplan-Meier curve of overall survival (0S) in relation to the MRD sta-
tus at the end of treatment

Median survival in patients with a positive MRD at the end of treatment was 16.0 months
(95% €l = 9.3-22.7), while it was 36.0 months (95% Cl = 17.6-54.4) in patients with a
negative MRD, which is a statistically significant difference (p = 0.019). Subjects with a
positive MRD at the end of treatment had more than twice the hazard for a fatal outcome
(HR=2.06, 95% Cl = 1.10-3.85; p = 0.024).

with positive MRD at the end of treatment had more
than twice the hazard (HR = 2.06, 95% Cl = 1.10-3.85;
p = 0.024), (Graph 2). Also, the length of CR was statis-
tically significantly longer in patients with negative
MRD at the end of treatment (p = 0.004, HR = 2.517,
95% Cl = 1.342-4.720).

Overall survival (OS) was significantly longer in
the group with intermediate risk of leukemia (median
18 months) according to the ELN classification, com-
pared to the group with favorable (median 13 months)
and adverse (median 6 months) risk (p = 0.013). Also,
the duration of remission (CR) was significantly lon-
ger in the group of patients with intermediate risk
(median 14 months), compared to favorable (medi-
an 11 months) and adverse risk (median 5 months),
(p=0.014, HR = 0.503, 95% Cl = 0.291-0.871).

Overall survival (OS) was significantly longer in
patients in whom reinduction with full doses of the
3+7 regimen was applied after a positive MRD test
(median survival 35 months), while survival was sig-
nificantly shorter with the application of other proto-
cols: IDAC (median 15.5 months), IDAC+DA (median 13
months), MEC (median 10 months), Mitox-VP (median
10 months), IDA-VP (median 7.5 months).
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Grafikon 3. Kaplan-Majerova kriva ukupnog prezivljavanja (engl. overall survi-
val — 05) kod bolesnika na hemioterapiji u odnosu na transplantirane pacijente
Medijana prezivljavanja kod transplantiranih bolesnika iznosila je 20 meseci (95%
(l = 4,0-36,0), dok je kod netransplantiranih pacijenata iznosila 13 meseci (95%
(I =10,1-15,9), 3to je statisticki znacajna razlika (p = 0,006). Ispitanici sa transplant-
acijom su imali za 50% manji hazard za nastanak smrtnog ishoda (HR = 0,498, 95%
(1=10,296-0,839; p = 0,009).

Transplantacija je izvrsena kod 40 bolesnika (36%).
Indikacije za transplantaciju su bile sledece: nepovo-
lian rizik (ELN) kod Sest (15%) pacijenata, relaps bolesti
kod 12 (30%) pacijenata, pozitivan MRD kod 22 (55%)
bolesnika. Medijana prezivljavanja kod transplantira-
nih bolesnika je iznosila 20 meseci (95% C/ = 4,0-36,0),
dok je kod netransplantiranih pacijenata iznosila 13
meseci (95% C/ = 10,1-15,9), sto je statisticki znacaj-
na razlika (p = 0,006). Ispitanici sa transplantacijom su
imali za 50% maniji hazard za nastanak smrtnog ishoda
(HR = 0,498, 95% C/=0,296-0,839; p = 0,009), (Grafikon
3). Trajanje remisije (CR) je bilo znacajno duze (21 me-
sec) kod transplantiranih, u odnosu na grupu netran-
splantiranih bolesnika (8 meseci), (p =0,002, HR=0,441,
95% CI=0,261-0,745).

DISKUSIJA

Kao biomarker, merljiva rezidualna bolest (MRD) moze
imatii prognosticki, kao i prediktivni znacaj, ali apsolut-
ni merljivi nivo bolesti nije jedina determinanta ishoda
bolesnika posto biologija AML i drugi klinicki faktori sa-
mog bolesnika (starost, komorbiditeti, razlic¢ite kompli-
kacije primenjene HT, narocito infektivne) modifikuju
rizik povezan sa rezultatima MRD testa [19-21].

Jasno je da sve mutacije detektovane pri dijagnozi
AML-a nece biti od jednake klinicke koristi za pracenje

Graph 3. Kaplan-Meier curve of overall survival (0S) in patients on chemothera-
py in relation to transplant patients

The median survival in transplant patients was 20 months (95% Cl = 4.0-36.0), while in
non-transplant patients it was 13 months (95% Cl = 10.1-15.9), which is a statistically
significant difference (p = 0.006). Subjects who had received a transplant had a 50%
lower hazard for the fatal outcome (HR = 0.498, 95% Cl = 0.296-0.839; p = 0.009).

Transplantation was performed in 40 patients
(36%). The indications for transplantation were as fol-
lows: adverse risk (ELN), found in six (15%) patients,
disease relapse, found in 12 (30%) patients, and a
positive MRD test, which was found in 22 (55%) pa-
tients. Median survival in transplanted patients was 20
months (95% Cl = 4.0-36.0), while in non-transplant-
ed patients it was 13 months (95% Cl = 10.1-15.9),
which is a statistically significant difference (p = 0.006).
Transplant subjects had a 50% lower risk of death
(HR =0.498, 95% Cl = 0.296-0.839; p = 0.009), (Chart 3).
The duration of remission (CR) was significantly lon-
ger (21 months) in transplanted patients, compared
to the group of non-transplanted patients (8 months),
(p =0.002, HR = 0.441, 95% Cl = 0.261-0.745).

DISCUSSION

As a biomarker, measurable residual disease (MRD) can
be both prognostic and predictive. However, the abso-
lute measurable level of the disease is not the only de-
terminant of the patient’s outcome, since the biology
of AML, as well as other clinical patient-related factors
(age, comorbidities, various complications of applied
chemotherapy, especially infections), modify the risk
associated with MRD test results [19-21].

Clearly, not all mutations detected at AML diagno-
sis will be equally clinically useful for MRD monitoring.
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MRD. Optimalni ciljevi za molekularno merenje MRD
takode nisu definisani. Izolovana detekcija mutaci-
ja uobicajenih u klonskoj hematopoezi povezanoj sa
starenjem (engl. age-related clonal hematopoiesis), npr.
DNMT3A, TET2, ili ASKSL1, ili kod sindroma nasledne
predispozicije (engl. germline predisposition syndro-
mes), npr. DDKS41, RUNKS1 ili GATA2, nuzno ne pred-
stavljaju rezidualnu AML [17-20].

U na$oj studiji smo pokazali da nije bilo znacajne
razlike u duzini CRiu OS izmedu bolesnika u odnosu na
status MRD posle dva ciklusa HT. Sa druge strane, vrsta
primenjene HT kod MRD+ bolesnika je imala znac¢ajnog
uticaja na duzinu CR, kao i na OS, sa znac¢ajno duzom CR
i duzim OS kod bolesnika koji su posle MRD+ nastavili
lecenje punim dozama 3+7 HT, kao reindukcije. Tako-
de, CRi OS su bili statisticki znacajno duzi kod bolesnika
koji su na kraju leCenja zadrzali negativan MRD status.

U odnosu na ELN stratifikaciju rizika, najduze OS
su imali bolesnici intermedijarne grupe rizika. Jedno
od mogucih objasdnjenja je da su bolesnici iz povoljne
grupe bolesnika, za koje se o¢ekivalo da imaju najduze
OS imali odredene genske mutacije koje nismo detek-
tovali usled toga 5to, za sada, testiranje na njih nije deo
standardnog vida ispitivanja na na3oj klinici.

Bolesnici le¢eni alogenom TMCH su imali statisticki
duze trajanje CRi OS, u odnosu na netransplantirane bo-
lesnike, $to je pokazano u nekoliko velikih studija [22-24].

ZAKLJUCAK

Analizom rezultata ove studije, kao i podataka iz litera-
ture, izvedeno je nekoliko zakljucaka.

Postojeci podaci ukazuju na to da su mutacije u
genima signalnog puta (FLT3, KIT, RAS, i dr.) korisne
kada su pozitivne, ali njihova negativnost u kasnijem
pracenju ne mora obavezno znaciti molekularnu remi-
siju, posebno kada je mutacija terapeutski targetovana
(ciljana) adekvatnim agensima. Takode, pitanje je da
li negativnost MRD ima isti prognosticki znacaj ako se
postigne nakon intenzivne u odnosu na neintenzivnu
terapiju.

Kao biomarker, merljiva rezidualna bolest (MRD)
moze imati i prognosticki i prediktivni znacaj, ali ap-
solutni merljivi nivo bolesti nije jedina determinanta
ishoda bolesnika, posto biologija AML-a i drugi klinicki
faktori modifikuju rizik povezan sa rezultatima MRD te-
sta.

Nasa studija je pokazala veliki znacaj pravovreme-
nog odredivanja MRD, te adekvatnost primene inten-
zivnije HT kod MRD pozitivnih bolesnika, uz nastavak
lecenja alogenom transplantacijom maticnih celija he-
matopoeze.

Sukob interesa: Nije prijavljen.

Optimal targets for molecular MRD measurement have
also not been defined.

Isolated detection of mutations common in age-re-
lated clonal hematopoiesis, e.g. DNMT3A, TET2, or
ASKSLT, or in germline predisposition syndromes, e.g.
DDKS41, RUNKS1, or GATA2, do not necessarily consti-
tute residual AML [17-20].

Our study has demonstrated no significant differ-
ence in CR and OS length among patients, with regard
to MRD status after two cycles of CHT. On the other
hand, the type of CHT used in MRD+ patients had a sig-
nificant impact on the length of CR, as well as on OS,
with significantly longer CR and OS in patients who,
after MRD+, continued treatment with full doses of
3+7 CHT, as reinduction therapy. Also, CR and OS were
statistically significantly longer in patients who main-
tained a negative MRD status at the end of treatment.

In relation to the ELN risk stratification, patients in
the intermediate-risk group had the longest OS. One of
the possible explanations is that the patients from the
favorable-risk group, who were expected to have the
longest OS, had certain gene mutations that we did
not detect since, for now, testing for these mutations
is not part of the standard tests performed at our clinic.

Patients treated with allogeneic HSCT had a statis-
tically longer duration of CR and OS, as compared to
non-transplanted patients, as demonstrated in several
large studies [22-24].

CONCLUSION

Analysis of the results of this study, as well as of the
data from literature, has yielded several conclusions.

Existing data indicate that mutations in signaling
pathway genes (FLT3, KIT, RAS, etc.) are useful when they
are positive, but their negativity in later follow-up does
not necessarily mean molecular remission, especially
when the mutation is therapeutically targeted with the
appropriate agents. Also, it is debatable whether MRD
negativity has the same prognostic significance if it is
achieved after intensive versus non-intensive therapy.

As a biomarker, measurable residual disease (MRD)
can have both prognostic and predictive value. How-
ever, the absolute measurable level of disease is not
the only determinant of patient outcome, as AML biol-
ogy and other clinical factors modify the risk associat-
ed with MRD test results.

Our study emphasizes the great importance of
timely detection of MRD, as well as the appropriate-
ness of applying more intensive CHT in MRD-positive
patients, along with continued treatment with alloge-
neic hematopoietic stem cell transplantation.

Conflict of interest: None declared.

SERBIAN JOURNAL OF THE MEeDIcAL CHAMBER | Volume 5/ No. 3 | September 2024

293



Raji¢ J.isar.

PROGNOSTICKI | PREDIKTIVNI ZNACAJ MERLJIVE REZIDUALNE BOLESTI U AKUTNOJ MIJELOBLASTNOJ LEUKEMUI

PROGNOSTIC AND PREDICTIVE SIGNIFICANCE OF MEASURABLE RESIDUAL DISEASE IN ACUTE MYELOBLASTIC LEUKEMIA

LITERATURA / REFERENCES

1.

Blachly JS, Walter RB, Hourigan CS. The present and future of measurable
residual disease testing in acute myeloid leukemia. Haematologica. 2022 Dec
1;107(12):2810-22. doi: 10.3324/haematol.2022.282034.

Short NJ, Zhou S, Fu C, Berry DA, Walter RB, Freeman SD, et al. Association of
measurable residual disease with survival outcomes in patients with acute
myeloid leukemia: a systematic review and meta-analysis. JAMA Oncol. 2020
Dec 1;6(12):1890-9. doi: 10.1001/jamaoncol.2020.4600.

Heuser M, Freeman SD, Ossenkoppele GJ, Buccisano F, Hourigan CS, Ngai LL,
et al. 2021 Update on MRD in acute myeloid leukemia: a consensus docu-
ment from the European LeukemiaNet MRD Working Party. Blood. 2021 Dec
30;138(26):2753-67. doi: 10.1182/blood.2021013626.

Walter RB, Ofran Y, Wierzbowska A, Ravandi F, Hourigan CS, Ngai LL, et al.
Measurable residual disease as a biomarker in acute myeloid leukemia: the-
oretical and practical considerations. Leukemia. 2021 Jun;35(6):1529-38. doi:
10.1038/541375-021-01230-4.

(aballero-Velazquez T, Pérez-Lépez 0, Yeguas Bermejo A, Rodriguez Arboli
E, Colado Varela E, Sempere Talens A et al. Prognostic value of measurable
residual disease in patients with AML undergoing HSCT: a multicenter study.
Cancers (Basel). 2023 Mar 5;15(5):1609. doi: 10.3390/cancers15051609.
Tettero JM, Freeman S, Buecklein V, Venditti A, Maurillo L, Kern W, et al. Te-
chnical aspects of flow cytometry-based measurable residual disease quan-
tification in acute myeloid leukemia: experience of the European Leukemia-
Net MRD Working Party. Hemasphere. 2021 Dec 22;6(1):e676. doi: 10.1097/
HS9.0000000000000676.

Li SQ, Xu LP, Wang Y, Zhang XH, Chen H, Chen YH, et al. An LSC-based MRD
assay to complement the traditional MFC method for prediction of AML re-
lapse: a prospective study. Blood. 2022 Aug 4;140(5):516-20. doi: 10.1182/
blood.2021014604.

Orvain C, Wilson JA, Fang M, Sandmaier BM, Rodriguez-Arboli E, Wood BL, et
al. Relative impact of residual cytogenetic abnormalities and flow cytome-
tric measurable residual disease on outcome after allogeneic hematopoietic
cell transplantation in adult acute myeloid leukemia. Haematologica. 2023
Feb 1;108(2):420-32. doi: 10.3324/haematol.2022.281585.

Schuurhuis GJ, Heuser M, Freeman S, Béné MC, Buccisano F, Cloos J, et al.
Minimal/measurable residual disease in AML: a consensus document
from the European LeukemiaNet MRD Working Party. Blood. 2018 Mar
22,131(12):1275-91. doi: 10.1182/blood-2017-09-801498.

Heuser M, Heida B, Biittner K, Wienecke CP, Teich K, Funke C, et al. Po-
sttransplantation MRD monitoring in patients with AML by next-genera-
tion sequencing using DTA and non-DTA mutations. Blood Adv. 2021 May
11;5(9):2294-304. doi: 10.1182/bloodadvances.2021004367.

. Duncavage EJ, Schroeder MC, 0’Laughlin M, Wilson R, MacMillan S, Bo-

hannon A, et al. Genome sequencing as an alternative to cytogenetic
analysis in myeloid cancers. N Engl J Med. 2021 Mar 11;384(10):924-35. doi:
10.1056/NEJM0a2024534.

. Patkar N, Kakirde C, Shaikh AF, Salve R, Bhanshe P, Chatterjee G, et al. Cli-

nical impact of panel-based error-corrected next generation sequencing
versus flow cytometry to detect measurable residual disease (MRD) in acute
myeloid leukemia (AML). Leukemia. 2021 May;35(5):1392-404. doi: 10.1038/
$41375-021-01131-6.

—_
w

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Dohner H, Estey E, Grimwade D, Amadori S, Appelbaum FR, Biichner T, et al.
Diagnosis and management of AML in adults: 2017 ELN recommendations
from an international expert panel. Blood. 2017 Jan 26;129(4):424-47. doi:
10.1182/blood-2016-08-733196.

Schuurhuis GJ, Heuser M, Freeman S, Béné MC, Buccisano F, Cloos J, et al.
Minimal/measurable residual disease in AML: a consensus document
from the European LeukemiaNet MRD Working Party. Blood. 2018 Mar
22,131(12):1275-91. doi: 10.1182/blood-2017-09-801498.

Dohner H, Pratz KW, DiNardo (D, Jonas BA, Pullarkat VA, Thirman MJ, et al.
ELN risk stratification is not predictive of outcomes for treatment-naive pa-
tients with acute myeloid leukemia treated with venetoclax and azacitidine.
Blood. 2022 Nov 15;140(Suppl 1):1441-4. doi: 10.1182/blood-2022-169509.
Dohner H, Wei AH, Appelbaum FR, Craddock C, DiNardo (D, Dombret H, et
al. Diagnosis and management of AML in adults: 2022 recommendations
from an international expert panel on behalf of the ELN. Blood. 2022 Sep
22;140(12):1345-77. doi: 10.1182/blood.2022016867.

Moritz J, Schwab A, Reinisch A, Zebisch A, Sill H, Wélfler A. measurable re-
sidual disease detection in acute myeloid leukemia: current challenges and
future directions. Biomedicines. 2024 Mar 7;12(3):599. doi: 10.3390/biome-
dicines12030599.

Déhner H, Wei AH, Lowenberg B. Towards precision medicine for AML. Nat
Rev Clin Oncol. 2021 Sep;18(9):577-90. doi: 10.1038/541571-021-00509-w.
Tanaka T, Morita K, Loghavi S, Wang F, Furudate K, Sasaki Y, et al. Clonal
dynamics and clinical implications of postremission clonal hematopoiesis
in acute myeloid leukemia. Blood. 2021 Nov 4;138(18):1733-9. doi: 10.1182/
blood.2020010483.

Gui G, Hourigan CS. Measurable residual disease assessment as a surrogate
marker in new drug development in acute myeloid leukemia. Cancer J. 2022
Jan-Feb 01;28(1):73-7. doi: 10.1097/PP0.0000000000000572.
Rodriguez-Arboli E, Othus M, Orvain C, Zarling LC, Sandmaier BM, Milano F,
et al. Contribution of measurable residual disease status to prediction accu-
racy of relapse and survival in adults with acute myeloid leukemia undergo-
ing allogeneic hematopoietic cell transplantation. Haematologica. 2023 Jan
1;108(1):273-7. doi: 10.3324/haematol.2022.281631.

Hourigan CS, Dillon LW, Gui G, Logan BR, Fei M, Ghannam J et al. Impact of
Conditioning Intensity of Allogeneic Transplantation for Acute Myeloid Le-
ukemia With Genomic Evidence of Residual Disease. J Clin Oncol. 2020 Apr
20;38(12):1273-83. doi: 10.1200/JC0.19.03011.

Wang T, Zhou B, Zhang J, Zhang X, LiuT, Qiu H, et al. Allogeneic hematopoietic
stem cell transplantation could improve survival for pure CBF-AML patients
with minimal residual disease positive after the second consolidation. Leuk
Lymphoma. 2021 Apr;62(4):995-8. doi: 10.1080/10428194.2020.1846736.
Rautenberg C, Lauseker M, Kaivers J, Jager P, Fischermanns C, Pechtel S, et al.
Prognostic impact of pretransplant measurable residual disease assessed by
peripheral blood WT1-mRNA expression in patients with AML and MDS. Eur J
Haematol. 2021 Aug;107(2):283-92. doi: 10.1111/ejh.13664.

294

Septembar 2024. | Volumen 5/ Broj 3 | Srpski MEDICINSKI CASOPIS LEKARSKE KOMORE



KLINICKE KARAKTERISTIKE | PREZIVLJAVANJE ODRASLIH
PACIJENATA OBOLELIH OD AKUTNE MIJELOIDNE

LEUKEMUE: ISKUSTVO JEDNOG CENTRA

ORIGINAL ARTICLE

CLINICAL CHARACTERISTICS AND SURVIVAL OUTCOMES IN ACUTE
MYELOID LEUKEMIA PATIENTS: SINGLE CENTER EXPERIENCE

Marijana Virijevi¢'?, Zlatko Pravdi¢’, Mirjana Cvetkovi¢', Lazar Trajkovic¢’, Nikola Panti¢', Nikica Sablji¢',
Jovan Raji¢’, Violeta Milosevic’, Ljubomir Jakovi¢'?, Andrija Bogdanovi¢'?, Nada Kraguljac-Kurtovic',
Jelica Jovanovi¢', Vesna Pordevic', Milena Todorovi¢ Balint’?, Ana Vidovi¢'?, Nada Suvajdzi¢-Vukovi¢'2,
Mirjana Mitrovic'2

' Univerzitetski klinicki centar Srbije, Klinika za hematologiju,
Beograd, Srbija

2 Univerzitet u Beogradu, Medicinski fakultet, Beograd, Srbija

SAZETAK

Uvod/Cilj: Akutna mijeloidna leukemija (AML) je heterogena bolest, po svojim bio-
loskim karakteristikama i po odgovoru na terapiju. Brojni prognosticki faktori pri di-
jagnozi koji su u vezi sa samom boles¢u kod pacijenta, terapija i odgovor na terapiju
utitu na ishod AML-a. Uprkos velikoj stopi postizanja kompletne remisije, ukupno
preZivljavanje (engl. overall survival — 05) je i dalje lo3e. Cilj ovog istrazivanja je da
se odredi Klinicko-bioloski profil bolesnika sa AML-om i njegov prognosticki uticaj
na stopu 05 i preZivljavanje bez znakova bolesti (engl. disease-free survival — DFS).
Materijali i metode: Retrospektivna analiza obuhvatila je 271 bolesnika sa di-
jagnozom akutne mijeloidne leukemije postavljenom na Klinici za hematologiju,
Univerzitetskog klinickog centra Srbije (UKCS), izmedu januara 2018. i januara
2023. godine. Analizirani su demografski parametri, ECOG PS (engl. Eastern Co-
operative Oncology Group performance status), komorbiditeti, parametri laborato-
rijske analize i hematoloske dijagnostike AML-a, kao potencijalni faktori rizika za
0S i DFS, uz koriScenje univarijantnog Koksovog regresionog modela.

Rezultati: 0d ukupno 271 pacijenta, 206 (76%) je leeno intenzivnom hemioterapijom,
od kojih je bilo 108 muskaraca i 98 zena. Prosecna starost ovih ispitanika je bila 50,3 go-
dine. Prema klasifikaciji rizika Evropske mreze za leukemiju (engl. European LeukemiaNet
— ELN), najvise je bilo bolesnika intermedijarog stepena rizika, odnosno 128 (62,1%)
pacijenata. Najzastupljeniji podtip AML-a je bio NOS AML (engl. AML not otherwise speci-
fied), prisutan kod 123 (59,7%) bolesnika. Univarijantna analiza je pokazala da su starost
od > 60 godina (p=0,009) i vrednost Le > 30x 10°/1 (p =0,031) nepovoljni prognosticki
parametri za 0S. Podtip AML-a, MRC (engl. myelodysplasia-related changes) bio je najzna-
cajniji faktor rizika za krace preZivljavanje bez znakova bolesti (p =0,027).

Zakljucak: U analiziranoj grupi bolesnika sa AML-om lecenih intenzivnom tera-
pijom, pokazali smo nisku stopu 05, kao i da godine starosti i MRC podtip AML-a
predstavljaju nepovoljne faktore rizika za krace ukupno prezivljavanje, odnosno
preZivljavanje bez znakova bolesti.

Kljucne redi: akutna mijeloidna leukemija, prognosticki faktori, preZivljavanje

Autor za korespondenciju:

Marijana Virijevi¢

Klinika za hematologiju, Univerzitetski klinicki centar Srbije
Dr Koste Todorovica 2, 11000 Beograd, Srbija

Elektronska adresa: marijana.virijevic@yahoo.com

Primljeno « Received: July 25, 2024;

Revidirano - Revised: September 5, 2024;

" University Clinical Center of Serbia, Clinic for Hematology,
Belgrade, Serbia

2 University of Belgrade, Faculty of Medicine, Belgrade, Serbia

ABSTRACT

Introduction/Aim:Acute myeloid leukemia (AML) is a heterogeneous disease,
interms of its biological characteristics and response to therapy. Numerous prog-
nostic factors at diagnosis related to the disease itself, the treatment, and the
response to treatment influence the outcome of AML. Despite the high rate of
complete remission, overall survival (0S) is still poor. This study aims to deter-
mine the clinical and biological profile of patients with AML and its prognostic
impact on the 0S rate and disease-free survival (DFS).

Materials and methods:The retrospective analysis included 271 patients di-
agnosed with acute myeloid leukemia at the University Clinical Center of Serbia
(UCCS) Hematology Clinic, between January 2018 and January 2023. Demograph-
ic parameters, the Eastern Cooperative Oncology Group performance status
(ECOG PS), comorbidities, and the parameters of laboratory analysis and hema-
tological diagnosis of AML were analyzed as potential risk factors for OS and DFS,
using the univariate Cox regression model.

Results: Out of a total of 271 patients, 206 (76%) were treated with intensive
chemotherapy, of whom 108 were men and 98 were women. The average age of
these respondents was 50.3 years. According to the European Leukemia Network
(ELN) risk classification, the patients were mostly in the group with intermediate
risk, i.e. 128 (62.1%) patients. The most common subtype of AML was AML NOS
(AML not otherwise specified), presentin 123 (59.7%) patients. Univariate analysis
showed that age > 60 years (p = 0.009) and WBC > 30 x 10%/I (p = 0.031) were
unfavorable prognostic parameters for 0S. AML subtype, MRC (myelodysplasia-re-
lated changes) was the most significant risk factor for shorter disease-free survival
(p=10.027).

Conclusion:In the analyzed group of AML patients treated with intensive ther-
apy, we demonstrated a low 0S rate and showed that age and the MRC subtype
of AML represent unfavorable risk factors for shorter 0S and DFS, respectively.
Keywords: acute myeloid leukemia, prognostic factors, survival
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uvoD

Akutna mijeloidna leukemija (AML) je heterogena ma-
ligna bolest hematopoeznog sistema koju karakteri-
Se klonska proliferacija nediferentovanih mijeloidnih
prekursora tj. blasta [1]. Usled nakupljanja nezrelih ce-
lija dolazi do potiskivanja i oStecenja normalnih celija
hematopoeze, sto se posledi¢no klini¢ki manifestuje
kao infekcija, anemija i krvarenje [2]. Povremeno, AML
moze da ima ekstramedularnu prezentaciju, ukljucuju-
¢i i zahvacenost centralnog nervnog sistema (CNS) [3].

AML je bolest starijeg zivotnog doba - prosecna
starosti pacijenata u trenutku postavljanja dijagnoze
je 69 godina. Spada u retke bolesti, sa godisnjom in-
cidencijom od 4,2 /100.000 stanovnika, i ¢es$¢a je kod
muskaraca (M : Z = 5,1/100.000 : 3,5/100.000) [4].

Poznato je nekoliko faktora rizika koji se dovode u
vezu sa nastankom AML-a: izlozenost mutagenim fak-
torima spoljasnje sredine, prethodna hemioterapija i
druge hematoloske bolesti [2]. Novija istrazivanja su
pokazala povezanost AML-a i urodenog nasledivanja u
okviru porodice [5,6].

Tehnoloski napredak u molekularnoj dijagnostici do-
veo je do novih saznanja o biologiji AML-a. Prethodna kla-
sifikacija AML-a Svetske zdravstvene organizacije (5Z0O),
iz 2016. godine, predvidala je > 20% blasta kao dijagno-
sticki kriterijum, sa izuzetkom AML-a sa rekurentnim cito-
genetskim abnormalnostima (RCA) i obuhvatala je Cetiri
glavne grupe: AML sa RCA, AML sa mijelodisplasti¢nim
karakteristikama (engl. AML with myelodysplasia-related
changes — MRC), AML nastala posle prethodnog lecenja
(engl. therapy-related AML - t-AML) i NOS AML (engl. AML
not otherwise specified) [5]. Medunarodna konsenzus
klasifikacija (engl. International Consensus Classificati-
on - ICQ) i klasifikacija SZO, iz 2022. godine, unapredile
su prethodnu klasifikaciju AML-a, uvodenjem novih ge-
netski definisanih entiteta za koje je grani¢na vrednost
procenta blasta snizena [6,7]. Obe klasifikacije iz 2022.
godine polaze od toga da je abnormalna morfologija re-
zultat poremecene Celijske biologije, koja je uzrokovana
somatskim mutacijama ili ekspresijom izmenjenih gena,
pa se stoga vise fokusiraju na ekstenzivno genetsko pro-
filisanje u definisanju entiteta bolesti.

Prema SZO, kona¢na dijagnoza AML-a se postavlja
na osnovu integrisanog dijagnosti¢kog algoritma koji
ukljucuje rezultate nekoliko komplementarnih meto-
da: citomorfoloske, imunofenotipske, citogenetske i
molekularno genetske analize u formi objedinjenog
izvestaja [6,7].

Ishod AML je veoma heterogen i zavisi od niza
faktora u vezi sa bolesnikom (godine starosti, ECOG
PS (engl. Eastern Cooperative Oncology Group perfor-
mance status), komorbiditeti) kao i u vezi sa samom
bolescu (broj leukocita (Le) na dijagnozi, prethodni

INTRODUCTION

Acute myeloid leukemia (AML) is a heterogeneous ma-
lignant disease of the hematopoietic system character-
ized by clonal proliferation of undifferentiated myeloid
precursors, i.e. blasts [1]. As a result of the accumula-
tion of immature cells, normal hematopoietic cells are
suppressed and damaged, which consequently man-
ifests clinically as infection, anemia, and bleeding [2].
Occasionally, AML can have an extramedullary presen-
tation, including central nervous system (CNS) involve-
ment [3].

AML is a disease of older age - the average age
of patients at the time of diagnosis is 69 years. It be-
longs to rare diseases, with an annual incidence of
4.2/100,000 inhabitants, and is more common in men
(M:F=5.1/100,000 : 3.5/100,000) [4].

Several risk factors are known to be associated with
the development of AML: exposure to mutagenic envi-
ronmental factors, previous chemotherapy, and other
hematological diseases [2]. More recent studies have
shown an association between AML and congenital in-
heritance within the family [5,6].

Technological advances in molecular diagnostics
have led to new insights into the biology of AML. The
previous World Health Organization (WHO) classifica-
tion of AML, from 2016, required > 20% blasts as a di-
agnostic criterion (except in AML with recurrent cyto-
genetic abnormalities — AML with RCA), and included
four main groups: AML with RCA, AML with myelodys-
plasia-related changes (AML with MRC), therapy-relat-
ed AML (t-AML), and AML not otherwise specified (AML
NOS) [5]. The International Consensus Classification
(ICC) and the WHO classification, from 2022, improved
the previous classification of AML by introducing new
genetically defined entities for which the threshold
value of the percentage of blasts was lowered [6,7].
Both 2022 classifications are based on the assumption
that abnormal morphology stems from disrupted cell
biology, which is caused by somatic mutations or al-
tered gene expression, and therefore focus more on
extensive genetic profiling in defining disease entities.

According to the WHO, the final diagnosis of AML
is established based on an integrated diagnostic algo-
rithm that includes the results of several complemen-
tary methods: cytomorphological, immunophenotyp-
ic, cytogenetic, and molecular genetic analysis in the
form of a unified report [6,7].

The outcome of AML is very heterogeneous and
depends on several factors related to the patient (age,
Eastern Cooperative Oncology Group performance
status — ECOG PS, comorbidities), as well as to the dis-
ease itself (white blood cell count (WBC) at diagnosis,
previous myelodysplastic syndrome (MDS), patholog-
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mijelodisplacni sindrom (MDS), patoloski kariotip, mo-
lekularni markeri, prethodna citotoksi¢na terapija) [2].
Genetske abnormalnosti predstavljaju snazan faktor
rizika za nepovoljnu prognozu [1,8]. Prema preporu-
kama Evropske mreze za leukemiju (engl. European
LeukemiaNet — ELN), stratifikacija rizika AML-a, koja se
zasniva na citogenetskim i molekularnim aberacijama,
obuhvata tri grupe rizika: povoljna, intermedijarna i
nepovoljna [7]. Pored toga, procena merljive rezidual-
ne bolesti (MRB) proto¢nom citometrijom i PCR (engl.
polymerase chain reaction) metodom [7] pokazala je
povezanost sa pojavom relapsa bolesti i kra¢im uku-
pnim prezivljavanjem (engl. overall survival - OS) [9].

Na izbor terapijskog pristupa, pored ECOG PS i ko-
morbiteta utic¢e i prognosticki molekularni profil AML-a
[7]. Standard intenzivnog leenja za bolesnike sa AML-
om se sastoji od inicijalne indukcione terapije ,7+3"
(7 dana citarabin i 3 dana antraciklin) i postremisione
konsolidacione terapije (protokoli bazirani na citara-
binu), Sto je praceno transplantacijom mati¢nih ¢elija
hematopoeze (TMCH), ukoliko je indikovana [7,10,11].
U zavisnosti od godina starosti, stopa postizanja kom-
pletne remisije (engl. complete remission - CR) varira. Za
bolesnike starosti < 60 godina prosek CR je 60-85%, uz
petogodisnje OS od oko 30% [4,10], dok je za pacijente
starosti > 60 godina, stopa postizanja CR 40-60% i OS je
manje od 10% [10,12].

Danasniji trendovi su usmereni u pravcu personali-
zovanog terapijskog pristupa prema specificnom mole-
kularnom profilu bolesti [13]. Genomska heterogenost
AML-a je dovela do razvoja terapija koje direktno ciljaju
mutacije, kao $to su inhibitori FLT3 (engl. FMS-related
receptor tyrosine kinase 3) i izocitrat dehidrogenaze 1/2
(IDH1/IDH2). Ove terapije su postale deo standardnog
leCenja. Pored toga, uvedeni su i drugi inovativni lekovi
poput gemtuzumab ozogamicina (GO), (anti CD33 mo-
noklonsko antitelo), i CPX-3517 (lipozomalna formulaci-
ja daunorubicina i citarabina) [7]. Uvodenjem terapija
nizeg intenziteta, povecane su terapijske moguénosti
za sve bolesnike, posebno za starije pacijente ili za one
koji ne ispunjavaju kriterijjume za intenzivno lecenje.
Tako je primena protokola sa BCL-2 (engl. B cell lymp-
homa 2) inhibitorom u kombinaciji sa niskim dozama
citarabina ili sa hipometiliraju¢im agensima, pokazala
unapredenje u le¢enju ove grupe bolesnika [14,15].

Uprkos nedavnom obecavaju¢em napretku i uvo-
denju novih terapijskih pristupa, ishod bolesnika sa
AML-om i dalje nije u potpunosti zadovoljavajuci [16].
U tom smislu, u toku su brojne studije inovativnih leko-
va, Ciji preliminarni rezultati deluju ohrabrujuce, a ¢iji je
cilj povecanje stope izle¢enja AML-a.

Cilj ovog istrazivanja je da se odredi klini¢ko-bio-
loski profil bolesnika sa AML-om i njegov prognosticki

ical karyotype, molecular markers, previous cytotoxic
therapy) [2]. Genetic abnormalities are a strong risk
factor for unfavorable prognosis [1,8]. According to the
recommendations of the European Leukemia Network
(ELN), the risk stratification of AML, which is based on
cytogenetic and molecular aberrations, includes three
risk groups: favorable, intermediate, and unfavorable
[7]. In addition, assessment of measurable residual
disease (MRD) by flow cytometry and the polymerase
chain reaction (PCR) method [7] showed an associa-
tion with the occurrence of disease relapse and shorter
overall survival (OS) [9].

In addition to ECOG PS and comorbidities, the
choice of therapeutic approach is influenced by the
prognostic molecular profile of AML [7]. The standard
of intensive treatment for patients with AML consists
of initial “7+3" induction therapy (7 days of cytarabine
and 3 days of anthracycline) and post-remission con-
solidation therapy (cytarabine-based protocols), which
is followed by hematopoietic stem cell transplantation
(HSCT), if indicated [7,10,11]. Depending on age, the
rate of achieving complete remission (CR) varies. For
patients aged < 60 years, the average CR is 60-85%,
with a five-year OS of about 30% [4,10], while for pa-
tients aged > 60 years, the CR rate is 40-60% and the
OSis less than 10% [10,12].

Current trends are directed towards a personalized
therapeutic approach based on the specific molecular
profile of the disease [13]. The genomic heterogeneity
of AML has led to the development of therapies that
directly target mutations, such as FMS-related receptor
tyrosine kinase 3 (FLT3) and isocitrate dehydrogenase
1/2 (IDH1/IDH2) inhibitors. These treatments have be-
come part of standard treatment. In addition, other
innovative drugs such as gemtuzumab ozogamicin
(GO), (anti CD33 monoclonal antibody), and CPX-351
(a liposomal formulation of daunorubicin and cytara-
bine) have been introduced [7]. With the introduction
of lower-intensity therapies, the therapeutic possibil-
ities for all patients have increased, especially for old-
er patients or those who are not eligible for intensive
treatment. Thus, the application of a protocol with the
B cell lymphoma 2 (BCL-2) inhibitor in combination
with low doses of cytarabine or with hypomethylating
agents has shown an improvement in the treatment of
this group of patients [14,15].

Despite recent promising breakthroughs and
the introduction of new therapeutic approaches, the
outcome of patients with AML is still not completely
satisfactory [16]. Consequently, numerous studies of
innovative drugs are underway aimed at increasing
the cure rate of AML. Their preliminary results seem
encouraging.
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uticaj na stopu OS i na prezivljavanje bez znakova bo-
lesti (engl. disease-free survival — DFS).

MATERIJALI | METODE
Bolesnici

Retrospektivna analiza obuhvatila je 271 bolesnika sa
AML-om, koji su dijagnostikovani i le¢eni na Klinici za
hematologiju Univerzitetskog Klinickog centra Srbije,
u periodu od januara 2018. do januara 2023. godine.
Bolesnici sa akutnom promijelocitnom leukemijom
nisu uklju¢eni u ovo istrazivanje. Dijagnoza AML-a po-
stavljena je na osnovu integrisanog dijagnostickog pri-
stupa, a u skladu sa preporukama SZO iz 2016. godine
[5]. Stratifikacija rizika bolesnika sa AML-om (povoljni,
intermedijarni, nepovoljni) sprovedena je u skladu sa
ELN preporukama [11]. U citogenetskoj analizi uzora-
ka kostane srzi je koris¢ena standardna tehnika G traka
[17]. Imunofenotipizacija je sprovedena metodom pro-
toCne citometrije na uzorcima koStane srzi [18]. Prisu-
stvo FLT3-ITD (engl. internal tandem duplication) i TKD
(engl. tyrosine kinase domain) mutacija, kao i NPM1
(engl. nucleophosmin) mutacija je analizirano PCR
metodama [19,20]. Organomegalija, limfadenopatija,
hipertrofija desni i CNS infiltracija su definisane kao ek-
stramedularna bolest (EMB). Ispitivanje prisustva leu-
kemijskih celija u likvoru sprovedeno je metodom pro-
tocne citometrije kod simptomatskih i asimptomatskih
bolesnika sa karakteristikama koje su povezane sa CNS
infiltracijom (laktat dehidrogenaza (LDH) > 450, Le >
30%x10%1, mijelomonocitni i/ili monocitni fenotip, ek-
spresija CD56, FLT3-ITD/TDK mutacije i CBF (engl. core
binding factor)) u AML-u [21]. Prilikom postavljanja di-
jagnoze evidentirano je opste funkcionalno stanje na
osnovu ECOG PS skale [22]. Takode je odredivan i zna-
Caj postojec¢ih komorbiditeta, na osnovu HCT-CI (engl.
hematopoietic cell transplantation-specific comorbidi-
ty index) skora [23]. Kod svih bolesnika analizirani su
sledeci laboratorijski parametri: leukociti — Le (x10%1),
trombociti — Tr (x10%1), hemoglobin — Hb (g/I), LDH
(U/1), procenat blasta u perifernoj krvi i u kostanoj srzi.

Terapija

Vecina bolesnika (206/271) je leCena intenzivhom te-
rapijom (daunorubicin i citarabin po $emi ,3+7"), pra-
¢eno konsolidacijom uz primenu citarabina i TMCH.
Bolesnici koji nisu ispunjavali kriterijume za intenzivno
leCenje (65/271) primali su neintenzivnu hemioterapiju
(daunorubicin i citarabin po Semi ,,2+5"i,,1+5" nisko-
dozni citarabin) ili suportivnu terapiju (6-merkaptopu-
rin, hidroksiureja), u zavisnosti od opsteg funkcional-
nog stanja i komorbiditetnog indeksa. Bolesnici koji su
relapsirali i oni koji su bili primarno refraktarni, leceni

This study aims to determine the clinical and bio-
logical profile of patients with AML and its prognostic
impact on OS rate and disease-free survival (DFS).

MATERIALS AND METHODS
Patients

The retrospective analysis included 271 patients with
AML, diagnosed and treated at the Clinic for Hematol-
ogy of the University Clinical Center of Serbia (UCCS),
between January 2018 and January 2023. Patients with
acute promyelocytic leukemia were not included in this
study. The diagnosis of AML was established based on
anintegrated diagnostic approach, as per the 2016 WHO
recommendations [5]. Risk stratification of patients with
AML (favorable, intermediate, adverse) was carried out
in keeping with ELN recommendations [11]. The stan-
dard G-banding technique was used in the cytogenetic
analysis of bone marrow samples [17]. Immunopheno-
typing was performed by flow cytometry on bone mar-
row samples [18]. The presence of internal tandem du-
plication (FLT3-ITD) and tyrosine kinase domain (TKD)
mutations, as well as of nucleophosmin (NPM1) muta-
tions was analyzed by PCR methods [19,20]. Organo-
megaly, lymphadenopathy, gingival hypertrophy, and
CNS infiltration were defined as extramedullary disease
(EMD). Examination of the presence of leukemic cells in
the cerebrospinal fluid was carried out by flow cytom-
etry in symptomatic and asymptomatic patients with
characteristics associated with CNS infiltration (lactate
dehydrogenase (LDH) > 450, WBC > 30x10%/I, myelo-
monocytic and/or monocytic phenotype, CD56 expres-
sion, FLT3-ITD/TDK mutations and core binding factor
(CBF)) in AML [21]. The general functioning status was
recorded based on the ECOG PS scale [22]. The signif-
icance of existing comorbidities was also determined
based on the HCT-CI (hematopoietic cell transplanta-
tion-specific comorbidity index) score [23]. The follow-
ing laboratory test were performed in all patients: white
blood cell count - WBC (x10%1), platelet count - PLT
(x10%1), hemoglobin — Hb (g/l), LDH (U/l), percentage of
blasts in peripheral blood and bone marrow.

Treatment

Most of the patients (206/271) were treated with in-
tensive therapy (daunorubicin and cytarabine 3+7
regimen), followed by consolidation with cytarabine
and HSCT. Patients who were not eligible for intensive
treatment (65/271) received non-intensive chemo-
therapy (daunorubicin and cytarabine regimens 2+5
and 1+5, low-dose cytarabine) or supportive therapy
(6-mercaptopurine, hydroxyurea), depending on their
general functioning status and comorbidity index.
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su protokolima spasavanja (engl. salvage), (fludarabin,
citarabin, idarubicin, po protokolu FLAG-Ida ili mitok-
santron, etopozid, citarabin, po protoklu MEC).

Procena terapijskog odgovora

Procena odgovora na terapiju definisana je prema
preporukama ELN [11]: CR < 5% blasta u koStanoj srzi,
odsustvo cirkulisucih blasta, odsustvo EMB, apsolutni
broj neutrofila > 1,0x10%1 i Tr = 100 x10%/1. Relaps je
definisan kao prisustvo > 5% blasta u kostanoj srzi ili
pojava blasta u perifernoj krvi, kao i pojava EMB. Rana
smrt je definisana kao smrt u periodu od 28 dana od
otpocinjanja indukcione hemioterapije. Refraktorna
bolest (RB), OS i DFS definisani su prema predlozenim
preporukama [11].

Statisticka analiza

Za opisivanje podataka koris¢ene su deskriptivne ana-
lize (aritmeti¢ka sredina, medijana, standardna devi-
jacija, ucestalost). Duzina prezivljavanja je analizirana
pomocu Kaplan-Majerove metode, dok je log-rank test
koris¢en za poredenje prezZivljavanja medu ispitivanim
grupama. Univarijantni Koksov proporcionalni regre-
sioni model je koris¢en za identifikaciju faktora rizika.
Statisticka znacajnost je definisana na p < 0,05. Sta-
tisticki testovi su sprovedeni u softveru za statisticku
analizu IBM® SPSS® Statistics V25, IBM, USA.

REZULTATI
Klini¢ke karakteristike

Od ukupno 271 bolesnika sa AML-om, 206 (76%) pa-
cijenata je leCeno primenom intenzivne hemioterapi-
je, dok je 65 (24%) le¢eno neintenzivhom terapijom.
Klini¢cke karakteristike bolesnika le¢enih intenzivnom
terapijom su prikazane uTabeli 1. Studija je obuhvatila
108 muskaraca i 98 zena (M : Z 52,4% : 47,6%), prose¢-
ne starosti 50,3 + 13,9 godina.

Distribucija bolesnika prema podtipu AML-a, a u
skladu sa klasifikacijom SZO iz 2016. godine, bila je:
AML sa RCA je imao 51 (24,76%) pacijent, od toga je
bilo 32 (15,5%) bolesnika sa NPM1, 12 (5,6%) pacijena-
tasainv(16)i7 (3,4%) bolesnika sa t(8;21); MRC AML je
imalo 27 (13,1%) pacijenata; dok je t-AML bila prisutna
kod 5 (2,4%) bolesnika. Najvise je bilo bolesnika sa NOS
AML, 123 (59,7%) pacijenta; bilo je 7 (7%) slucajeva
AML-a sa minimalnom diferencijacijom, 21 (20%) slu-
¢aj AML-a bez sazrevanja, 26 (25%) slu¢ajeva AML-a sa
sazrevanjem, 33 (32%) slucaja akutne mijelomonocit-
ne leukemije, 15 (15%) slu¢ajeva akutne monoblastne i
monocitne leukemije. FLT3-ITD pozitivnost je uocena u
38 (18,4%) slucajeva, dok je FLT3-TKD mutacija registro-
vana u 5 (2,4%) slucaja. U nasoj grupi bolesnika, naj-

Patients who relapsed and those who were primarily
refractory were treated with salvage protocols (fluda-
rabine, cytarabine, idarubicin, according to the FLAG-
Ida protocol, or mitoxantrone, etoposide, cytarabine,
according to the MEC protocol).

Assessment of therapeutic response

The assessment of therapeutic response was defined ac-
cording to ELN guidelines [11]: CR < 5% blasts in the bone
marrow, absence of circulating blasts, absence of EMD,
absolute neutrophil count > 1.0x10%1, and PLT > 100
%x10%1. Relapse was defined as the presence of = 5% blasts
in the bone marrow or the appearance of blasts in periph-
eral blood, as well as the presence of EMD. Early death
was defined as death within 28 days of starting induction
chemotherapy. Refractory disease (RD), OS, and DFS were
defined according to the proposed guidelines [11].

Statistical analysis

Descriptive analysis methods (arithmetic mean, me-
dian, standard deviation, frequency). were used to
describe the data. The length of survival was analyzed
using the Kaplan-Meier method, while the log-rank
test was used to compare survival among the studied
groups. The univariate Cox proportional regression
model was used to identify risk factors. Statistical sig-
nificance was defined at p < 0.05. Statistical tests were
performed with the statistical analysis software IBM®
SPSS® Statistics V25, IBM, USA.

RESULTS
Clinical characteristics

Out of a total of 271 patients with AML, 206 (76%) were
treated with intensive chemotherapy, while 65 (24%)
were treated with non-intensive therapy. The clinical
characteristics of patients treated with intensive ther-
apy are shown in Table 1. The study included 108 men
and 98 women (M : F 52.4% : 47.6%) The average age of
the patients was 50.3 + 13.9 years.

The distribution of patients according to AML sub-
type, and per the WHO classification from 2016, was
as follows: 51 (24.76%) patients had AML with RCA, of
whom there were 32 (15.5%) patients with NPM1, 12
(5.6%) patients with inv(16) and 7 (3.4%) patients with
1(8;21); 27 (13.1%) patients had MRC AML; while t-AML
was present in 5 (2.4%) patients. The majority were pa-
tients with AML NOS, 123 (59.7%) patients; there were
7 (7%) cases of minimally differentiated AML, 21 (20%)
cases of non-maturing AML, 26 (25%) cases of ma-
turing AML, 33 (32%) cases of acute myelomonocytic
leukemia, 15 (15%) of cases of acute monoblastic and
monocytic leukemia. FLT3-ITD positivity was observed
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vecu zastupljenost pokazali su slededi imunofenotipski
antigeni na leukemijskim ¢elijama: CD13 (90,7%), CD33
(93,9%), CD34 (74,4%) i CD117 (86%). Ukupno 26,1%
bolesnika je imalo CD56 pozitivhu AML.

Tabela 1. Klinicko-bioloske karakteristike bolesnika lecenih intenzivnom
hemioterapijom

Karakteristike / Characteristics

Starost (godine), AS+-SD / Age (years); mean + SD

Godine < 60 g naspram > 60 g; n (%) /Age <60y vs.>60y; n (%)

EMB - limfadenopatija; n (%) / EMD — lymphadenopathy; n (%)

EMB - hepatosplenomegalija; n (%) / EMD — hepatosplenomegaly; n (%)
EMB - hipertrofija desni; n (%) / EMD - gingival hypertrophy; n (%)

(NS infiltracija; n (%) / CNS infiltration n (%)

EC0OG=2/EC0G=2
Da; n (%) / Yes; n (%)
Ne; n (%) / No; n (%)
HCT-Cl =3 /H(T-C =3
Da; n (%) / Yes; n (%)
Ne; n (%) / No; n (%)

BMI kg/m?; AS + SD / BMI kg/m?; mean + SD

Le; medijana (x10%/1), raspon / WBC; median (x10°/1), range
Le > 30x10%1; n (%) / WBC> 30x10°/1; n (%)

Hb; AS + SD (g/1) / Hb; mean + 5D (g/l)

Tr; medijana (x10°/1), opseg / PLT; median (x10%/l), range
LDH; medijana (U/1), opseg / LDH; median (U/l), range
LDH > 450 U/I; n (%) / LDH = 450 U/I; n (%)

Blasti u PK; % (opseq) / Blasts in PB; % (range)

Blasti u KS; % (opseg) / Blasts in BM; % (range)

SZ0 AML; (N, %) / WHO AML; n (%)

AML sa RCA / AML with RCA

MRCAML / MRCAML

t-AML / t-AML

NOS AML/ AML NOS

AML/CD56; n (%) / AML/CD56; n (%)

FLT3-ITD ™% n (%) / FLT3-ITD™; n (%)

FLT3-TKD™*; n (%) / FLT3-TKD™"; n (%)

ELN grupa rizika; n (%) / ELN risk group; n (%)

Povoljan / Favorable

Intermedijarni / Intermediate
Nepovoljan / Unfavorable

Legenda: AML — akutna mijeloidna leukemija; SD — standardna devijacija; CNS — centralni
nervni sistem; AS - aritmeticka sredina; £COG — engl. Eastern Cooperative Oncology Group;
ELN — engl. Furopean Leukemia Net; EMB — ekstramedularna bolest; Hb — hemoglobin;
HCT-Cl — engl. hematopoietic cell transplantation-specific comorbidity index; KS — kostana
srZ; LDH — laktat dehidrogenaza; Le — leukociti; PK — periferna krv; BMI — engl. body mass
index; SZ0 — Svetska zdravstvena organizacija; AML sa RCA — AML sa rekurentnim citoge-
netskim abnormalnostima; MRC AML — engl. AML with myelodysplasia-related changes;
t-AML — engl. therapy-related AML, NOS AML — engl. AML, not otherwise specified

in 38 (18.4%) cases, while FLT3-TKD mutation was reg-
istered in 5 (2.4%) cases. In our group of patients, the
following immunophenotypic antigens on leukemic
cells showed the highest prevalence: CD13 (90.7%),
CD33 (93.9%), CD34 (74.4%), and CD117 (86%). A total
of 26.1% of patients had CD56-positive AML.

Table 1. Clinical and biological characteristics of patients treated with
intensive chemotherapy

Value
503+13.9
142 (68.9%) vs. 64 (31.1%)
44.(21.6%)
61(29.8%)
21(10.3%)
46 (22.3%)

43 (20.9%)
163 (79.1%)

11(5.3%)
192 (93.2%)

259+55
6.9(0.1-278.5)
56 (27.2%)
95.9+£19.5
51.5(2-39%)
396 (127-12,954)

88 (43.3%)

19(0-99)
57.5 (20-96)

51(24.7%)
27 (13.1%)
5(2.4%)
123 (59.7%)

46 (26.1%)
38(18.4%)
5(2.4%)

27 (13.1%)
128 (62.1%)
51(24.8%)

Legend: AML - acute myeloid leukemia; SD — standard deviation; CNS — central nervous
system; ECOG — Eastern Cooperative Oncology Group; ELN — European Leukemia Network;
EMD — extramedullary disease; Hb — hemoglohin; HCT-CI — hematopoietic cell transplan-
tation-specific comorbidity index; BM — bone marrow; LDH — lactate dehydrogenase; WBC
— white blood cell count; PB — peripheral blood; WHO — World Health Organization; BMI
— body mass index; AML with RCA — AML with recurrent cytogenetic abnormalities; MRC
AML — AML with myelodysplasia-related changes; AML NOS— AML not otherwise speci-
fied; t-AML — therapy-related AML
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Ishod lecenja

Kompletna remisija je postignuta kod 92 od 158 (79,7%)
slucajeva. Relaps bolesti je imalo 62 (67,4%) pacijenta,
dok je primarno refraktornih bolesnika bilo 32 (20,3%).
Rana smrt je zabeleZena u 48 (23,3%) slucajeva. Glav-
ni uzrocnici rane smrti prikazani su u Grafikonu 1. Me-
dijana OS je bila 12 meseci (10-13,9 meseci). Ukupno
petogodisnje prezivljavanje je iznosilo 19% (Slika 1. A).
Medijana DFS je iznosila 13 meseci. Ukupno 51 od 157
(32,5%) bolesnika je le¢eno transplantacijom mati¢nih
¢elija hematopoeze. Bolesnici le¢eni pomo¢u TMCH su
imali statisticki znacajno duze OS (medijana 20 meseci
naspram 7 meseci; p < 0,001) u poredenju sa bolesnici-
ma koji nisu leceni ovom terapijom (Slika 1. B).

akutna insuficijencija jetre/

acute liver failure; 2%
k‘\w{ :

sepsa /
sepsis, 52%_\

Treatment outcome

Complete remission was achieved in 92 out of 158
(79.7%) cases. Sixty-two (67.4%) patients had disease
relapse, while 32 (20.3%) were primarily refractory pa-
tients. Early death was recorded in 48 (23.3%) cases.
The main causes of early death are presented in Graph
1. Median OS was 12 months (10-13.9 months). Overall
five-year survival was 19% (Figure 1. A). The median DFS
was 13 months. Fifty-one out of 157 (32.5%) patients
were treated with hematopoietic stem cell transplan-
tation. Patients treated with HSCT had statistically sig-
nificantly longer OS (median 20 months vs. 7 months;
p < 0.001), as compared to patients not treated with
this therapy (Figure 1. B).

akutni abdomen/
acute abdomen; 5%

bakterijska pneumonija/
. bacterial pneumonia; 5%
____CNS hemoragija/
CNS hemorrhage;
5%

_Kovid 19 / COVID;
9%

. invazivna gljivi€na infekcija/
\ invasive fungal infection; 2%

kardiogeni sok /
cardiogenic shock; 2%

neutropenijski enterokolitis /
neutropenic enterocolitis ; 9%

akutna resp. insuficijencija /
acute respiratory failure; 9%

Grafikon 1. Uzroci rane smrti kod bolesnika sa AML-om lecenih intenzivnom
terapijom

Prognosticki faktori OS i DFS

Univarijantna analiza je pokazala da su sledece ispi-
tivane karakteristike bile znacajni prediktori za krace
0S: godine = 60 (p = 0,009), (Slika 1. C), Le = 30 x10%I

Graph 1. Causes of early death in patients with AML treated with intensive the-
rapy

Prognostic factors of OS and DFS

Univariate analysis showed that the following analyzed
characteristics were significant predictors of shorter
0OS: age = 60 (p = 0.009), (Figure 1. C), WBC = 30 x10%/I
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Slika 1. Krive prezivljavanja bolesnika sa AML-om

A) Kriva petogodisnjeg prezivljavanja bolesnika sa AML-om

B) Kriva preZivljavanja kod transplantiranih i netransplantiranih bolesnika

() Kriva preZivljavanja kod bolesnika < 60 g naspram > 60 g

D) Kriva preZivljavanja kod bolesnika sa MRC AML-om naspram pacijena-
ta sa drugim podtipovima AML-a

(p = 0,031). Ostali ispitivani prognosticki faktori nisu
pokazali statisticku znacajnost (Tabela 2). Univarijantna
analiza je pokazala da je loSe DFS bilo znacajno pove-
zano sa MRC AML podtipom (p = 0,045) (Slika 1. D).

DISKUSLJA

AML je heterogena bolest, kako po svojim citoloskim,
imunofenotipskim i citogenetsko-molekularnim karak-
teristikama, tako i po odgovoru na standardno lecenje
i prezivljavanju bolesnika [1,2]. Uprkos visokoj stopi CR
od 60-85%, prosecna stopa petogodisnjeg OS je niska,
iznosi oko 30%, i znacajno se razlikuje izmedu razlicitih
starosnih grupa, dostizuc¢i 50% kod mladih bolesnika,

Figure 1. Survival curves of patients with AML

A) Five-year survival curve of patients with AML

B) Survival curve in transplanted and non-transplanted patients

() Survival curve in patients < 60 years vs. > 60 years

D) Survival curve in patients with MRC AML vs. other subtypes of AML

(p =0.031). Other examined prognostic factors did not
show statistical significance (Table 2). Univariate analy-
sis showed that poor DFS was significantly associated
with the MRC AML subtype (p = 0.045) (Figure 1 D).

DISCUSSION

AML is a heterogeneous disease, in terms of its cy-
tological, immunophenotypical, cytogenetic, and
molecular characteristics, but also with regards to
patient response to standard treatment and patient
survival [1,2]. Despite the high CR rate (60-85%), the
average five-year OS rate is low, around 30%, and var-
ies significantly among different age groups, reaching
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Tabela 2. Univarijantna analiza faktora rizika za 0S kod bolesnika sa AML-om Table 2. Univariate analysis of risk factors for OS in AML patients treated with

lecenih intenzivnom terapijom intensive therapy
e e
Starost > 60 g naspram < 60 g/ Age >60yvs. <60y 0.009 1.015 0.064-16.165
Le = 30 x10°/I naspram Le < 30 x 10°/1/ WBC= 30x10%/I vs. Le < 30x10°/1 0.031 0.079 0.003-1.829
Blasti u PK = 50% / Blasts in PB = 50% 0.237 0.998 0.158-6.291
Blasti u KS > 50% / Blasts in BM = 50% 0.761 0.972 0.155-8.201
MRCAML naspram drugi AML podtipovi / MRCAML vs. other AML subtypes 0.138 0.494 0.145-1.680
FIt3-ITD* naspram FIt3-1TD/ Fit3-ITD* vs. FIt3-ITD 0.733 0.236 0.061-0.919
ECOG = 2 naspram <2/ EC0G = 2vs. <2 0.714 0.323 0.059-1.765
CNS* naspram CNS™ / CNS* vs. CNS 0.272 1.201 0.318-4.533
Nepovoljni naspram intermedijarni i povoljni rizik / Unfavorable vs. intermediate and favorable risk 0.527 14.259 1.916-106.114
LDH =450/ LDH = 450 0.697 8.390 1.241-56.711
HCT-Cl =3/ HCT-C1 = 3 0.897 1.912 0.632-5.785
AML (D56 / AML (D56 0.223 0.437 0.055-3.444

Legenda: AML — akutna mijeloidna leukemija; CNS — centralni nervni sistem; FIt3-ITD  Legend: AML — acute myeloid leukemia; CNS — central nervous system; FIt3-ITD — fms-re-
— engl. fms-related receptor tyrosine kinase 3-internal tandem duplication; ECOG — engl. lated receptor tyrosine kinase 3-internal tandem duplication; ECOG — Eastern Cooperative
Eastern Cooperative Oncology Group; Le — leukociti; PK — periferna krv; KS — kostana srz; ~ Oncology Group; WBC — white blood cell count; PB — peripheral blood; BM — bone mar-
MRC ~ engl. myelodysplasia-related changes; HCT-Cl — engl. hematopoietic cell transplanta-  row; MRC myelodysplasia-related changes; HCT-Cl — hematopoietic cell transplanta-
tion-specific comorbidity index; LDH — laktat dehidrogenaza tion-specific comorbidity index; LDH — lactate dehydrogenase

Tabela 3. Univarijantna analiza faktora rizika za DFS kod bolesnika sa AML-om Table 3. Univariate analysis of risk factors for DFS in AML patients treated with

lecenih intenzivnom terapijom intensive therapy
Starost > 60 g naspram < 60 g/Age >60yvs. <60y 0.148 100.703 0.764-13,274.567
Le > 30 x10%/1 naspram Le <30x10°%/1 / WBC= 30x10%/Ivs. Le < 30x10%/ 0.603 18.519 0.048-7,099.2367
Blasti u PK = 50%/ Blasts in PB = 50% 0.638 0.145 0.007-3.093
Blasti u KS = 50% / Blasts in BM = 50% 0.496 60.494 0.395-9,263.056
MRC AML naspram drugi AML podtipovi / MRCAML vs. other AML subtypes 0.045 2.139 0.904-5.063
FIt3-1TD* naspram FIt3-ITD” FIt3-ITD* vs. Fit3-ITD 0.188 1.075 0.075-15.332
ECOG = 2 naspram <2/ EC0G = 2vs. <2 0.118 11.521 0.525-252.941
CNS* naspram CNS™ / CNS* vs. CNS 0.471 1.128 0.181-7.024
Esszzsfr;br;:i?s?m intermedijarni i povoljni rizik / Unfavorable vs. intermediate 0983 1149 0.036-36.308
LDH = 450 / LDH = 450 0.873 6.929 0.231-207.864
HCT-Cl =3/ HCT-CI= 3 0.094 2.293 0.819-6.423
AML CD56 / AML (D56 0.911 12.887 0.26-581.361

Legenda: AML — akutna mijeloidna leukemija; CNS — centralni nervni sistem; AIt3-ITD  Legend: AML — acute myeloid leukemia; CNS — central nervous system; Fit3-ITD — fms-re-
— engl. fms-related receptor tyrosine kinase 3-internal tandem duplication; ECOG — engl.  lated receptor tyrosine kinase 3-internal tandem duplication; ECOG — Eastern Cooperative
Eastern Cooperative Oncology Group; Le — leukociti; PK — periferna krv; KS — koStana srz; ~ Oncology Group; WBC — white blood cell count; PB — peripheral blood; BM — bone marrow;
MRC — engl. myelodysplasia-related changes; HCT-CI — engl. hematopoietic cell transplanta- ~ MRCmyelodysplasia-related changes; HCT-Cl — hematopoietic cell transplantation-specific
tion-specific comorbidity index; LDH — laktat dehidrogenaza comorbidity index; LDH — lactate dehydrogenase
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dok je kod pacijenata starijih od 60 godina manja od
10% [4,10,24]. Brojni radovi su pokazali da prognosticki
faktori pri dijagnozi (citogenetsko-molekularni status,
godine starosti, inicijalna leukocitoza, procenat blasta,
podtip AML, ECOG PS, HCT-Cl) imaju uticaj na ishod bo-
lesti [1,8,25-30]. Takode, u druge znacajne prediktore
ishoda ubrajaju se odgovor na primenjenu terapiju i
rezistencija na lekove [8,31].

Nasa grupa od 206 bolesnika koji su leceni inten-
zivnom terapijom je bila mlada, prosecne starosti 50,3
godina, u odnosu na literaturne podatke [4,26], te ni-
skog ECOG PS i HCT-CI skora. Najvise je bilo bolesnika
sa NOS AML-om 123 (59,7%), prema SZO klasifikaciji iz
2016. godine, a u okviru ove grupe dominirali su bole-
snici sa granulocitnom diferencijacijom (80/123, odno-
sno 65%), a naj¢esci podtip je bila AML sa sazrevanjem,
$to odgovara literaturnim podacima [5]. U nasoj grupi
bolesnika, EMB pri dijagnozi je prezentovala u vidu: he-
patosplenomegalije (29,8%), limfadenopatije (21,6%) i
hipertrofije desni (10,3%), dok je infiltracija CNS potvr-
dena kod 46 (22,3%) bolesnika, 5to je u skladu sa ne-
davno objavljenim rezultatima [3].

Nasi bolesnici su imali veliku stopu postizanja CR
(79,7%), dok je primarnu refraktornu bolest imalo 32
(20,3%) bolesnika Sto odgovora literaturnim podacima
[10,16]. Rana ili indukciona smrt se javila u 48 (23,3%)
slucajeva. U klini¢ckim studijama, u poslednje dve de-
cenije, uocava se smanjene smrtnosti povezane sa in-
dukcionom terapijom sa 15-20% na manje od 5% [32].
Najcesci uzrok rane smrti bila je sepsa 52,6%. Infekcija
je i inaCe opisana kao jedna od najcesc¢ih uzroka rane
smrti [33]. U nasoj grupi, relaps se javio kod 62 (67,4%)
bolesnika, $to je vise u odnosu na literaturne podatke
[34,16]. Le¢enje pomoc¢u TMCH je jedina metoda ko-
jom bolesnici mogu da se izle¢e od AML, 5to su pokaza-
li i nasi rezultati — postojala je staticki znacajna razlika u
prezivljavanju izmedu transplantiranih i netransplanti-
ranih bolesnika [2,7,10,11].

U skladu sa brojnim drugim studijama [25,26,31],
univarijantna analiza je istakla starost bolesnika pri di-
jagnozi kao prediktor klinickog ishoda. Naime, rezultati
nase studije pokazuju da bolesnici stariji od 60 godina
nose 50% veci rizik za kra¢e OS u odnosu na mlade. Ci-
njenica da je medijana oboljevanja od AML-a 69. go-
dina Zivota, ukazuje na to da najvedi broj bolesnika sa
AML-om spada u grupu pacijenata sa nepovoljnim ri-
zikom, nevezano od klini¢kih i genetic¢kih parametara,
5to je u skladu sa ranijim studijama [25,26]. Ovoj tvrdnji
doprinosi i podatak da na svakih pet godina starosti
odnos hazarda za nepovoljniji ishod lecenja raste za
22% [29]. Brojni su faktori koji bi mogli da objasne losiju
prognozu kod starijih bolesnika sa AML-om. Na prvom
mestu jeste losiji ECOG PS uslovljen brojnim komorbi-

50% in younger patients, while being less than 10%
in patients older than 60 years [4,10,24]. Numerous
studies have shown that prognostic factors at diag-
nosis (cytogenetic-molecular status, age, initial leu-
kocytosis, percentage of blasts, AML subtype, ECOG
PS, HCT-CI) have an impact on the outcome of the
disease [1,8,25-30]. Also, other significant predictors
of outcome include the response to applied therapy
and drug resistance [8,31].

Our group comprising 206 patients treated with
intensive therapy was younger, with an average age
of 50.3 years, compared to literature data [4,26], with
a low ECOG PS and HCT-CI score. The majority of pa-
tients had AML NOS, 123 (59.7%), according to the
WHO classification from 2016, and in this group, there
was a predominance of patients with granulocytic dif-
ferentiation (80/123, i.e., 65%), and the most common
subtype was AML with maturation, which corresponds
to literature data [5]. In our group of patients, EMD at
diagnosis presented as: hepatosplenomegaly (29.8%),
lymphadenopathy (21.6%), and gingival hypertro-
phy (10.3%), while CNS infiltration was confirmed in
46 (22.3%) patients, which is in keeping with recently
published results [3].

Our patients achieved a high rate of CR (79.7%),
while 32 (20.3%) patients had primary refractory dis-
ease, which corresponds to literature data [10,16]. Ear-
ly or induced death occurred in 48 (23.3%) cases. In
clinical studies, carried out over the last two decades,
mortality associated with induction therapy has been
reduced from 15-20% to less than 5% [32]. The most
common cause of early death was sepsis 52.6%. In
fact, infection is described as one of the most com-
mon causes of early death [33]. In our group, relapse
occurred in 62 (67.4%) patients, which is more as com-
pared to literature data [34,16]. Treatment with HSCT
is the only method by which patients can be cured of
AML, as shown by our results — there was a statically
significant difference in survival between transplanted
and non-transplanted patients [2,7,10,11].

In keeping with numerous other studies [25,26,31],
univariate analysis highlighted the patient’s age at di-
agnosis as a predictor of clinical outcome. Namely, the
results of our study show that patients older than 60
years have a 50% higher risk of shorter OS, compared
to younger patients. The fact that the median age of
AML diagnosis is 69 years indicates that the greatest
number of patients with AML belong to the group of
patients with an unfavorable risk, regardless of clinical
and genetic parameters, which is in accordance with
earlier studies [25,26]. This premise is supported by
the fact that for every five years of age, the hazard ra-
tio for a less favorable treatment outcome increases by
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ditetima koji su povezani sa godinama starosti [25]. S
druge strane, ranije studije su pokazale ve¢u ucesta-
lost I0sijih citogenetskih markera u starijoj populaciji u
odnosu na mladu. Naime, u studiji u kojoj su poredeni
pacijenti mladi od 56 godina u odnosu na one starije
od 75 godina, nepovoljne citogenetske aberacije su
bile prisutne kod 51% starijih, odnosno u 35% mladih
bolesnika sa AML-om [29]. U skladu sa time, povoljne
citogenetske mutacije u grupi starijih pacijenata cinile
su samo 4%, dok je u grupi mladih pacijenata 17% bilo
nosilac povoljne citogenetske aberacije [29]. Vece pri-
sustvo povoljnih aberacija kao $to su CBF AML ili NPM1
kod mladih bolesnika donekle odslikava i drugaciju
prirodu AML-a u razli¢itim starosnim populacijama. Sa
staro$¢u se smanjuje procenat povoljnih citogenetskih
aberacija, a raste ucestalost nepovoljnih, na prvom
mestu kompleksnog i monozomalnog kariotipa, koji
nose nepovoljniji rizik za CR i OS [30]. Takode, u starijoj
populaciji se ¢esce srece tzv. multidrug resistance feno-
tip: 57% u odnosu na 33% [30].

U nasoj grupi obolelih od AML-3, klasifikacija rizika
po ELN-u nije pokazala svoj prediktivni uticaj. Razlog
za to moze biti veli¢ina naseg uzorka ili mogudi uzrok
mozZe biti veoma mali udeo pacijenata sa povoljnim
citogenetskim aberacijama u nasoj ispitivanoj grupi,
odnosno 27 (13,1%). Novi lekovi poput FTL3 inhibitora,
GO i CPV-351, pokazali su svoj povoljan uticaj na ishod
kod bolesnika sa AML-om [35-37]. Navedena ciljna te-
rapija polako menja prognosticke kategorije bolesni-
ka. Naime, uvodenje FLT3 inhibitora u terapiju AML-a
je dovelo do toga da se AML sa FLT3 mutacijom, koja je
do tada bila u najve¢oj meri hemorezistentna [34,25]
i spadala u grupu nepovoljnih molekularnih aberacija,
svrsta u intermedijarni stepen rizika u najnovijoj ELN
klasifikaciji [7]. Napominjemo da su u nasoj studiji bo-
lesnici leCeni standardnim hemioterapijskim protokoli-
ma, bez ciljne terapije.

Pored prethodnog prisustva MDS-a, kao i MDS-po-
vezanih citogenetskih abnormalnosti [5], MRC AML je
povezana sa kompleksnim i monozomalnim karioti-
pom, kao i genskim mutacijama povezanim sa MDS-
om, kao $to su: TP53, ASXL1, BCOR, EZH2, RUNX1, SF3B1,
SRSF2, STAG2, U2AF1, ZRSR2 [71. U nasoj grupi bolesnika
sa MRC AML-om, u univarijantnoj analizi se pokazao
nepovoljan uticaj na DFS. U studiji koja je poredila MCR
AML bolesnike sa bolesnicima koji pripadaju podtipu
NOS AML, prikazano je da su MRC AML bolesnici imali
znacajno nizu stopu CR [38]. lako terapijske mogu¢no-
sti koje bi znacajno produzile OS ovog podtipa AML-a,
jos$ uvek nisu istrazene, terapija sa CPX-351 pokazala je
vecu stopu petogodisnjeg OS u poredenju sa standar-
dnom hemioterapijom [37].

22% [29]. Numerous factors could explain the poorer
prognosis in elderly patients with AML, primarily poor-
er ECOG PS due to numerous comorbidities related
to age [25]. On the other hand, previous studies have
shown a higher frequency of unfavorable cytogenetic
markers in the older population, as compared to the
younger. Namely, in a study in which patients young-
er than 56 years were compared to those older than
75 years, unfavorable cytogenetic aberrations were
present in 51% of older and 35% of younger patients
with AML [29]. Accordingly, favorable cytogenetic mu-
tations in the group of elderly patients accounted for
only 4%, while in the group of younger patients, 17%
were carriers of favorable cytogenetic aberrations [29].
The higher presence of favorable aberrations such
as CBF AML or NPM1 in younger patients somewhat
reflects the different nature of AML in different age
populations. With age, the percentage of favorable
cytogenetic aberrations decreases, and the frequency
of unfavorable ones increases, primarily complex and
monosomal karyotypes, which carry a less favorable
risk for CR and OS [30]. Also, in the older population,
the so-called multidrug resistance phenotype is found
more frequently, 57% versus 33% [30].

In our group of AML patients, ELN risk classifica-
tion did not show its predictive impact. The reason for
this may be the size of our sample or a possible cause
may be the very small proportion of patients with fa-
vorable cytogenetic aberrations in our study group,
i.e. 27 (13.1%). New drugs such as FTL3 inhibitors, GO
and CPV-351, have shown their beneficial effect on
the outcome of patients with AML [35-37]. The afore-
mentioned target therapy has been slowly changing
the prognostic categories of patients. Namely, the in-
troduction of FLT3 inhibitors in the treatment of AML
led to the fact that AML with FLT3 mutation, which
was previously mostly chemoresistant [34,25] and be-
longed to the group of unfavorable molecular aberra-
tions, was classified as intermediate risk in the latest
ELN classification [7]. It should be noted that, in our
study, patients were treated with standard chemother-
apy protocols, without targeted therapy.

In addition to the prior presence of MDS as well
as MDS-associated cytogenetic abnormalities [5],
MRC AML is associated with a complex and monoso-
mal karyotype, as well as MDS-associated gene muta-
tions such as the following: TP53, ASXL1, BCOR, EZH2,
RUNX1, SF3B1, SRSF2, STAG2, U2AF1, ZRSR2 [7]. In our
group of patients with MRC AML, univariate analysis
showed an unfavorable influence on DFS. In a study
comparing MCR AML patients with patients belonging
to the AML NOS subtype, it was shown that MRC AML
patients had a significantly lower CR rate [38]. Although
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ZAKLJUCAK

U nasoj studiji smo potvrdili da godine starosti pred-
stavljaju nezavistan prognosticki faktor ukupnog pre-
Zivljavanja kod bolesnika sa AML-om. Takode, rezulta-
ti naseq istrazivanja ukazuju da MRC AML predstavlja
nepovoljan prognosticki parametar za DFS. Ukupno
petogodisnje prezivljavanje u analiziranoj grupi je bilo
lose. S tim u vezi, uvodenjem novih terapijskih pristu-
pa kao deo standardne terapije za le¢enje AML-a, kao
i ukljucivanje bolesnika u studije sa inovativnim leko-
vima, moze doprineti poboljsanju ishoda bolesnika sa
akutnom mijeloidnom leukemijom.

SPISAK SKRACENICA

AML — akutna mijelodna leukemija

0S — ukupno prezivljavanje (engl. overall survival)

DFS — preZivljavanje bez znakova bolesti (engl. disease-free survival)
ECOG PS - engl. Eastern Cooperative Oncology Group performance status
ELN - Evropska mreZa za leukemiju (engl. European LeukemiaNet)
NOS — engl. not otherwise specified

MRC - engl. myelodysplasia-related changes

(NS — centralni nervni sistem

SZ0 — Svetska zdravstvena organizacija

RCA — rekurentne citogenetske abnormalnosti

t-AML — engl. therapy-related AML

ICC— engl. International Consensus Classification

MDS — mijelodisplacni sindrom

MRB — merljiva rezidualna bolest

PCR — engl. polymerase chain reaction

TMCH — transplantacija mati¢nih celija hematopoeze

(R - kompletna remisija (engl. complete remission)

FLT3 — engl. fms-related receptor tyrosine kinase 3

FLT3-1TD — engl. mutation an internal tandem duplication

FLT3-TKD — engql. tyrosine kinase domain

NPMT — engl. nucleophosmin

IDH1/IDH2 — izocitrat dehidrogenaze 1/2

GO — gemtuzumab ozogamicin

(PX-351 - lipozomalna formulacija daunorubicina i citarabina

B(L-2 - engl. B cell lymphoma 2

EMB — ekstramedularna bolest

LDH — laktat dehidrogenaza

(BF — engl. core binding factor

HCT-(1 - engl. hematopoietic cell transplantation-specific comorbidity index
RB — refraktorna bolest

Sukob interesa: Nije prijavljen.

therapeutic options that would significantly prolong
OS in this AML subtype have not yet been investigated,
therapy with CPX-351 has shown a higher five-year OS
rate, compared to standard chemotherapy [37].

CONCLUSION

In our study, we confirmed that age is an independent
prognostic factor of overall survival in patients with
AML. Also, the results of our study indicate that MRC
AML represents an unfavorable prognostic parameter
for DFS. Overall five-year survival in the analyzed group
was poor. In this regard, the introduction of new ther-
apeutic approaches as part of standard therapy for the
treatment of AML, as well as the inclusion of patients
in studies with innovative drugs, can contribute to im-
proving the outcome of patients with acute myeloid
leukemia.

ABBREVIATIONS AND ACRONYMS

AML — acute myeloid leukemia

0S — overall survival

DFS — disease-free survival

ECOG PS — Eastern Cooperative Oncology Group performance status
ELN — European LeukemiaNet

NOS — not otherwise specified

MRC — myelodysplasia-related changes

(NS — central nervous system

WHO — World Health Organization

RCA — AML with recurrent cytogenetic abnormalities
t-AML — therapy-related AML

ICC— International Consensus Classification

MDS — myelodysplastic syndrome

MRD — measurable residual disease

PCR — polymerase chain reaction

HSCT — hematopoietic stem cell transplantation

(R — complete remission

FLT3 — fms-related receptor tyrosine kinase 3
FLT3-ITD — mutation an internal tandem duplication
FLT3-TKD — tyrosine kinase domain

NPM1 — nucleophosmin

IDH1/IDH2 — isocitrate dehydrogenase 1/2

GO — gemtuzumab ozogamicin

(PX-351 - liposomal daunorubicin and cytarabine
BCL-2 - B cell lymphoma 2

EMD — extramedullary disease

LDH - lactate dehydrogenase

(BF — core binding factor

HCT-Cl — hematopoietic cell transplantation-specific comorbidity index
RD — refractory disease
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SAZETAK

Uvod: Neutropenija uzrokovana primenom hemioterapije (HT) Cesto se komplikuje
pojavom febrilne neutropenije (FN), koja je povezana sa razvojem infekcija, reduki-
jom doze leka/odlaganjem hemioterapije, narusenim kvalitetom Zivota i povecanim
troskovima lecenja.

Cilj rada: Cilj rada je ispitivanje povezanosti faktora rizika za razvoj febrilne neutro-
penije i znacaja primene granulocitnog faktora stimulacije rasta kolonija (G-CSF) kod
bolesnika sa hematoloskim malignitetima.

Materijalii metode: Obuhvaceno je 90 bolesnika sa dijagnozom limfoma, multiplog
mijeloma (MM) i mijelodisplaznog sindroma (MDS) le¢enih u Dnevnoj bolnici Klinike
za hematologiju Univerzitetskog klinickog centra Srbije (UKCS), u periodu od januara
dojuna 2024.

Rezultati:0buhvaceno je 90 bolesnika sa slede¢im dijagnozama: limfomi 70 (77,8%)
pacijenata, MM 12 (13,3%) pacijenata, MDS 8 (8,9%) pacijenata, od ¢ega 42,2% (38/90)
muskog a 57,8% (52/90) Zenskog pola. FN je zabelezena kod 22 (24,4%) bolesnika, dok
68 (75,6%) pacijenata nije razvilo febrilnu neutropeniju. Distribucija FN prema tipu
limfoma je bila: 57,9% kod agresivnih, 31,6% kod indolentnih i 10,5% kod Hockinovog
limfoma. UoCena je povezanost febrilne neutropenije sa vecom ucestaloS¢u visih klinic¢-
kih stadijuma bolesti, i za stadijum Ill i IV je iznosila 70%. Kod pacijenata sa FN-om je
bilo znacajno ucestalije prisustvo velike (engl. bulky) tumorske mase (54,5% naspram
25%; p = 0,010). Pacijenti sa FN-om su imali statisticki znacajno veci broj primenjenih
hemioterapijskih linija (p = 0,020), hemioterapijskih ciklusa (p = 0,027), ciklusa imuno-
terapije (p = 0,025), kao i vecu ucestalost infekcija (59,1% naspram 27,9%; p = 0,008),
Ces¢u primenu antibiotika (95,5% naspram 33,8%; p = 0,004) i G-CSF-a (54,5% naspram
11,8%; p < 0,001), te vei broj primenjenih ampula G-C5F-a (5,0 naspram 1,0; p < 0,001).
Dokazana je znacajna razlika u visim vrednostima CRP-a kod bolesnika sa febrilnom ne-
utropenijom (7,2% naspram 3,3%; p = 0,012).

Zakljucak: Nasa studija je pokazala da su na razvoj febrilne neutropenije uticali veci
broj terapijskih linija i ciklusa imunohemioterapije, klinicki stadijum bolesti, bulky tu-
morska masa i stepen agresivnosti limfoma.

Kjucne reci: febrilna neutropenija, G-CSF, hematoloski maligniteti, dnevna bolnica
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ABSTRACT

Introduction: Chemotherapy-induced neutropenia is often complicated by the
development of febrile neutropenia (FN) which is associated with infections, dose
reductions/delay of chemotherapy, quality of life deterioration, and increased treat-
ment costs.

Study aim: The study aims to research the association between risk factors for
FN and the significance of applying G-CSF in patients with hematological malig-
nancies.

Materials and methods: We evaluated 90 patients with lymphoma, multiple my-
eloma (MM), and myelodysplastic syndrome (MDS) treated at the Day-care Unit of
the University Clinical Center of Serbia (UCCS) Clinic for Hematology, between Jan-
uary and June 2024.

Results: The study included 90 patients with the following diagnoses: 70 (77.8%)
patients with lymphomas, 12 (13.3%) patients with MM, and 8 (8.9%) patients with
MDS, of whom 42.2% (38/90) male and 57.8% (52/90) female. FN was observed in
22 (24.4%) patients, while 68 (75.6%) patients did not develop FN. The distribution
of FN by lymphoma type was as follows: 57.9% in aggressive lymphomas, 31.6% in
indolent lymphomas, and 10.5% in Hodgkin's lymphoma. FN was associated with a
higher incidence of advanced clinical stages of disease, with 70% in stages Il and
IV. Patients with FN had significantly higher rates of bulky tumor mass (54.5% vs.
25%; p =0.010), more lines of chemotherapy (p = 0.020), more cycles of chemother-
apy (p = 0.027), more immunotherapy cycles (p =0.025), as well as more infections
(59.19% vs. 27.9%; p = 0.008), antibiotic use (95.5% vs. 33.8%; p = 0.004), and G-CSF
administration (54.5% vs. 11.8%; p < 0.001), with more G-CSF ampoules used (5.0
vs. 1.0; p < 0.001). Higher CRP levels were also significantly associated with FN (7.2%
vs. 3.3%; p=0.012).

Conclusion: Our study has shown that the number of lines of therapy, the number of
immunochemotherapy cycles, the clinical stage, the presence of bulky tumor mass,
and the aggressiveness of the lymphoma affected FN development.
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uvoD

Neutropenija uzrokovana primenom hemioterapije
(HT) predstavlja jedan od najcescih nezeljenih efekata
lecenja i ¢esto se komplikuje febrilnom neutropenijom
(FN). Neutropenija se javlja kod skoro petine hemato-
loskih bolesnika, izuzev bolesnika kod kojih je sprove-
dena transplantacija matic¢nih ¢elija hematopoeze gde
se ova incidencija kre¢e u rasponu od 70% do 100%,
za razliku od drugih onkoloskih bolesnika kod kojih se
krece od 5% do 10%. Toksi¢no dejstvo hemioterapije
na hematopoetski sistem predstavlja ogranicavajudi
faktor u adekvatnom doziranju leka. Komplikacije ne-
utropenije uzrokovane mijelosupresivnim efektom he-
mioerapije igraju veliku ulogu u porastu morbiditeta i
mortaliteta kod onkoloskih bolesnika. Pojava febrilne
neutropenije povezana je sa razvojem zZivotno ugroza-
vajucih infekcija, odlaganjem hemioterapije, naruse-
nim kvalitetom zivota i povecanim troskovima lecenja,
sto sve zajedno utice na konacni ishod le¢enja [1,2].

Upravo zbog toga je od velikog znacaja identifiko-
vanje faktora rizika koji dovode do febrilne neutrope-
nije, u toku, kao i pre zapocinjanja specificnog hema-
toloskog lecenja. Najznacajni faktor jeste tip hemiote-
rapije, mada do sada nije ustanovljen standardni bo-
dovni (engl. scoring) sistem za poredenje agresivnosti
razli¢itih hemioterapeutika [3]. Drugi po redu najzna-
cajniji faktor jeste osnovna bolest, iako se ovaj podatak
u istrazivanjima retko navodi zbog toga $to neki od he-
matoloskih maligniteta, za razliku od solidnih tumora,
sami po sebi ukljucuju neutropeniju [4]. U literaturi se
kao faktori rizika za pojavu febrilne neutropenije navo-
de i povrsina tela, infiltracija koStane srzi, godine staro-
sti pri postavljanju dijagnoze, inicijalni ili broj monocita
i limfocita nakon prvog ciklusa, kao i nivo hemoglobi-
na [5-8].

U literaturi je opisana podela na faktore rizika koji
su u vezi sa samim bolesnikom i faktore rizika koji su
specifi¢ni za vrstu terapije. U prvu grupu spadaju pret-
hodno podvrgavanje hemioterapijskom lecenju, inici-
jalna neutropenija, infiltracija kostane srzi osnovnom
bolescu, klinicki stadijum bolesti, prisustvo komorbi-
diteta, losiji ECOG performans status (engl. Eastern Co-
operative Oncology Group — ECOG performance status),
prethodno prisustvo infekcija, godine starosti, kao i tip
maligniteta, uz napomenu da su bolesnici sa hema-
toloskim malignitetima u povecanom riziku za razvoj
neutropenije u odnosu na bolesnike sa solidnim tumo-
rima, kako zbog same prirode osnovne bolesti tako i
zbog intenziteta terapije. Faktori rizika specifi¢ni za
vrstu terapije se mogu objasniti ¢injenicom da su neki
lekovi mijelotoksi¢niji od drugih. Takode, dokazano je
da se neutropenije ¢esce beleze u prvim ciklusima te-
rapije.

INTRODUCTION

Chemotherapy-induced neutropenia is one of the
most common side effects of treatment and is often
complicated by febrile neutropenia (FN). Neutrope-
nia occurs in almost a fifth of hematological patients,
except for patients who undergo hematopoietic stem
cell transplantation, among whom this incidence rang-
es from 70% to 100%, in contrast to other oncology pa-
tients, where it ranges from 5% to 10%. The toxic effect
of chemotherapy on the hematopoietic systemis a lim-
iting factor in adequate drug dosing. Complications of
neutropenia caused by the myelosuppressive effect of
chemotherapy play a major role in the increase in mor-
bidity and mortality in cancer patients. The occurrence
of febrile neutropenia is associated with the devel-
opment of life-threatening infections, chemotherapy
treatment delay, impaired quality of life, and increased
treatment costs, all of which affect the treatment out-
come [1,2].

That is exactly why it is very important to identify
the risk factors leading to febrile neutropenia, during
and before starting specific hematological treatment.
The most important factor is the type of chemother-
apy, although so far, no standard scoring system has
been established for comparing the aggressiveness of
different chemotherapeutics [3]. The second most im-
portant factor is the underlying disease, although this
information is rarely mentioned in research because
some of the hematological malignancies, in contrast to
solid tumors, inherently include neutropenia [4]. Body
surface area, bone marrow infiltration, age at diagno-
sis, the initial or the number of monocytes and lym-
phocytes after the first cycle, as well as the hemoglo-
bin level, are mentioned in literature as risk factors for
the occurrence of febrile neutropenia [5-8].

In literature, risk factors are categorized as those
associated with the patients themselves and those
that are particular to the type of therapy. The first
group of risk factors includes previous chemotherapy
treatment, initial neutropenia, bone marrow infiltra-
tion due to the underlying disease, clinical stage of
the disease, presence of comorbidities, a poorer ECOG
(Eastern Cooperative Oncology Group) performance
status, previous infections, age, as well as the type of
malignancy, noting that patients with hematological
malignancies are at increased risk of developing neu-
tropenia, as compared to patients with solid tumors,
both due to the very nature of the underlying disease
and the intensity of the therapy. Risk factors particular
to the type of therapy can be explained by the fact that
some drugs are more myelotoxic than others. Also, it
has been proven that neutropenia is more often found
in the initial therapy cycles.
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Stepen i razvoj neutropenije direktno uti¢u na ri-
zik od nastajanja infekcije. Po tezini, neutropenija se
najcesce deli na Cetiri stepena. Stepen neutropenije
gradusa 1 predstavlja ANC (engl. absolute neutrophil
count)>1,5i<2,0x10%I,gradus 2 je kadaje ANC=1,0
i <1,5x10%I, gradus 3 je kada je ANC = 0,5i < 1,00
x 10%1, dok je gradus 4 vrednost ANC-a < 0,5 x 107%/1.
FN predstavlja stanje u kojem su ANC < 0,5 x 10%/1 i
telesna temperatura > 38,3°C. Poznato je da u infla-
matornom odgovoru upravo neutrofilni granulociti
igraju bitnu ulogu celularnog imuniteta kao deo nes-
pecifi¢ne zastite organizma. Njihov broj je kompromi-
tovan delom zbog citotoksi¢nog efekta terapije, a de-
lom zbog same prirode osnovne bolesti. Upravo zbog
toga, simptomi i znaci infekcije kod ovih bolesnika
¢esto budu prikriveni, a jedina manifestacija moze
biti povisena telesna temperatura. Preko 50% bole-
snika sa febrilnom neutropenijom ¢e ispoljiti septicki
sindrom, 20% - 30% ovih pacijenata ¢e razviti tezak
oblik sepse, a 5% — 10% ce imati septicki Sok. U tom
slu¢aju, neophodna je hospitalizacija i primena inten-
zivne antibiotske terapije intravenskim antibioticima
Sirokog spektra, s obzirom na stepen imunokompro-
mitovanosti ovakvih bolesnika. Naj¢esce su infekcije
digestivnog trakta, pluca i koze. Naj¢es¢i uzrocnici su
gram negativne bakterije Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, kao i aerobne,
gram pozitivne koke Staphylococcus, Streptococcus
species i Enterococcus, ali ne treba zanemariti ni ¢esto
prisustvo gljivi¢nih infekcija [3]. Drustvo za infektiv-
ne bolesti Amerike (engl. Infectious Diseases Society of
America - IDSA) je publikovala smernice za lec¢enje fe-
brilne neutropenije. Za vecinu bolesnika intravenska
primena antibiotika u bolni¢kim uslovima predstav-
lja standard le¢enja. Antibiotsku terapiju treba birati
vodedi raCuna o interakcijama antibiotika sa drugim
lekovima i parametrima bubrezne i jetrene funkcije u
zavisnosti od farmakokinetike leka [9].

Faktori stimulacije rasta kolonija (engl. colony-sti-
mulating factors - CSFs) hematopoeze smanjuju tra-
janje i tezinu stepena neutropenije i njenih komplika-
cija, omogucavajuci brzi oporavak parametara krvne
slike i raniji nastavak primene zapocete hemioterapi-
je[10].

CiLJ RADA

Cilj rada je ispitivanje povezanosti faktora rizika za ra-
zvoj febrilne neutropenije i znacaja primene granulo-
citnog faktora stimulacije rasta kolonija (engl. granu-
locyte colony stimulating factor — G-CSF) kod hemato-
loskih bolesnika lecenih u Dnevnoj bolnici Klinike za
hematologiju Univerzitetskog klini¢kog centra Srbije.

The degree and development of neutropenia di-
rectly affect the risk of infection. Neutropenia is usually
categorized into four grades, according to its severity.
Grade 1 neutropenia is when the absolute neutrophil
count (ANC) is = 1.5 and < 2.0 x 10%/I, grade 2 is when
ANC is = 1.0 and < 1.5 x 10%I, grade 3 is when ANC is
> 0.5 and < 1.00 x 10%I, while grade 4 is when the ANC
value is < 0.5 x 10%I. Febrile neutropenia is a condition
wherein ANC is < 0.5 x 10%/I and the body temperature
is > 38.3°C. It is known that in inflammatory response, it
is neutrophil granulocytes that play an important role
in cellular immunity as part of non-specific defense of
the body. Their number is compromised partly due to
the cytotoxic effect of the therapy, and partly due to
the very nature of the underlying disease. Precisely be-
cause of this, the symptoms and signs of infection in
these patients are often hidden, and the only manifes-
tation may be elevated body temperature. Over 50%
of patients with febrile neutropenia will develop sep-
tic syndrome, 20% — 30% will develop a severe form
of sepsis, and 5% - 10% will have septic shock. In that
event, hospitalization and the application of intensive
antibiotic therapy with broad-spectrum intravenous
antibiotics are necessary, given the degree of immuno-
compromise of such patients. The most common are
infections of the digestive tract, lungs, and skin. The
most common causative agents are gram-negative
bacteria Escherichia coli, Klebsiella pneumoniae, Pseu-
domonas aeruginosa, as well as aerobic, gram-positive
cocci Staphylococcus, Streptococcus species, and En-
terococcus. However, the frequent presence of fungal
infections should not be ignored either [3]. The Infec-
tious Diseases Society of America (IDSA) has published
guidelines for the treatment of febrile neutropenia. For
most patients, intravenous administration of antibiot-
ics in a hospital setting is the treatment standard. An-
tibiotic therapy should be chosen taking into account
the interactions of antibiotics with other drugs, as well
as the parameters of kidney and liver function, de-
pending on the pharmacokinetics of the drug [9].

Colony-stimulating factors (CSFs) of hematopoie-
sis reduce the duration and severity of the degree of
neutropenia and its complications, enabling faster re-
covery of blood parameters and earlier continuation of
chemotherapy [10].

STUDY AIM

The study aims to examine the association between
risk factors for the development of febrile neutrope-
nia and the significance of applying granulocyte colo-
ny-stimulating factor (G-CSF) in hematological patients
treated at the Day Hospital of the Hematology Clinic of
the University Clinical Center of Serbia.
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MATERIJALI | METODE

Istrazivanje je uradeno kao retrospektivna studija. De-
mografske karakteristike bolesnika obuhvatile su godi-
ne starosti pri dijagnozi, pol, tip hematoloskog maligni-
teta, klini¢ki stadijum bolesti, ECOG performans status,
infiltraciju koStane srzi, prisustvo bulky tumorske mase,
komorbiditete, prethodno prisustvo infekcije, kao i ini-
cijalne osnovne laboratorijske parametre. Dijagnoze su
postavljene prema aktuelnim vodi¢ima za datu bolest.
Uzorkom je obuhvaéeno 90 bolesnika sa dijagnozom
limfoma, multiplog mijeloma (MM) i mijelodsiplaznog
sindroma (MDS), le¢enih u Dnevnoj bolnici Klinike za
hematologiju Univerzitetskog klini¢ckog centra Srbije, u
periodu od januara do juna 2024.

Za deskripciju numeri¢kih podataka, u zavisnosti
od normalnosti distribucije podataka, koris¢eni su ari-
tmetic¢ka sredina + standardna devijacija ili medijana
(opseg: min — max), dok su kategorijalni podaci prika-
zani kao ucestalosti, odnosno broj ispitanika (proce-
nat). Za testiranje znacajnosti razlike izmedu ispitivanih
grupa pacijenata korisc¢en je t-test, Men-Vitnijev test i
Hi-kvadratni test. Posmatrani klinicki i laboratorijski
parametri koji su se izdvoijili kao statisticki znacajni na
nivou p < 0,01 uklju¢eni su u model visestruke regresi-
one analize u cilju procene prediktora razvoja febrilne
neutropenije. Kriterijum za statisticku znacajnost je bio
p < 0,05 a softverski program SPSS Statistics 22 (SPSS Inc.,
Chicago, IL, USA) je koris¢en za statisti¢cku obradu poda-
taka. Rezultati su prezentovani tekstualno i tabelarno.

REZULTATI

Studijom je obuhvaceno 90 bolesnika prose¢ne sta-
rosti 60,0 + 12,1 godina. Medijana starosnog doba je
iznosila 63 godine (opseg: 23 — 77). Distribucija prema
dijagnozi je bila sledeca: 70 (77,8%) pacijenata sa dija-
gnozom limfoma, 12 (13,3%) bolesnika sa dijagnozom
multiplog mijelomai 8 (8,9%) pacijenata sa dijagnozom
mijelodisplaznog sindroma. Bolesnici muskog pola su
¢inili 42,2% (38/90) a zenskog 57,8% (52/90). Medijana
pracenja iznosila je 13,5 meseci (0 — 120). Smrtni ishod
je nastupio kod cetiri bolesnika (4,4%).

FN je zabelezena kod 22 (24,4%) bolesnika, dok 68
(75,6%) pacijenata nije razvilo febrilnu neutropeniju.
U grupi bolesnika koji su imali febrilnu neutropeniju,
ucestalost muskog pola je iznosila 59,1% (naspram
42,2% zenskog pola; p = 0,065). Ucestalost dijagnoza
se nije znacajno razlikovala u odnosu na prisustvo fe-
brilne neutropenije (p = 0,525), te je u grupi pacijenata
sa febrilnom neutropenijom, 86,4% njih imalo dijagno-
stikovan limfom, 9,1% je imalo MM a 4,5% njih MDS.
Distribucija febrilne neutropenije prema tipu limfoma
je bila: 57,9% kod agresivnih, 31,6% kod indolentnih i
10,5% kod Hockinovog limfoma.

MATERIALS AND METHODS

This is a retrospective study. Patient demographic
characteristics included the following: age at diagno-
sis, gender, type of hematological malignancy, clinical
stage of disease, the ECOG performance status, bone
marrow infiltration, presence of bulky tumor mass, co-
morbidities, previous presence of infection, as well as
initial basic laboratory parameters. Diagnoses were es-
tablished according to current guidelines for the given
disease. The sample included 90 patients diagnosed
with lymphoma, multiple myeloma (MM), or myelodys-
plastic syndrome (MDS), treated at the Day-care Unit of
the University Clinical Center of Serbia (UCCS) Clinic for
Hematology, between January and June 2024.

For the description of numerical data, depending
on the normality of the data distribution, the arithmetic
mean + standard deviation or the median (range: min-
max) was used, while categorical data were presented
as frequencies, the number of respondents (percent-
age). The t-test, the Mann-Whitney test, and the Chi-
square test were used to test the significance of the
difference among the examined groups of patients.
Observed clinical and laboratory parameters that were
statistically significant at the p < 0.01 level were includ-
ed in the multiple regression analysis model to assess
predictors of the development of febrile neutropenia.
The criterion for statistical significance was p < 0.05
and the SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA)
software was used for statistical data processing. The
results are presented in textual and tabular form.

RESULTS

The study included 90 patients aged 60.0 + 12.1 years.
The median age was 63 years (range: 23 - 77). The
distribution according to diagnosis was as follows: 70
(77.8%) patients with lymphoma, 12 (13.3%) patients
with multiple myeloma, and 8 (8.9%) patients with
myelodysplastic syndrome. Male patients accounted
for 42.2% (38/90) while female patients accounted for
57.8% (52/90). Median follow-up was 13.5 months (0 —
120). Death occurred in four patients (4.4%).

FN was recorded in 22 (24.4%) patients, while 68
(75.6%) patients did not develop febrile neutropenia.
In the group of patients with febrile neutropenia, the
frequency of male patients was 59.1% (versus 42.2%
female; p = 0.065). The frequency of diagnoses did not
differ significantly in relation to the presence of febrile
neutropenia (p = 0.525) - in the group of patients with
febrile neutropenia, 86.4% were diagnosed with lym-
phoma, 9.1% had MM and 4.5% MDS. The distribution
of febrile neutropenia according to the type of lympho-
ma was as follows: 57.9% in the aggressive type, 31.6%
in the indolent type, and 10.5% in Hodgkin's lymphoma.
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Od ukupnog broja bolesnika, bolest kategorizo-
vanu kao klinicki stadijum (KS) | imalo je 9 (10%) bo-
lesnika, KS Il je imalo 22 (24,4%) bolesnika, KS Ill je bio
prisutan kod 28 (31,1%) pacijenata, dok je KS IV ima-
lo 22 (24,4%) bolesnika, i nije potvrdena znacajna ra-
zlika izmedu pacijenata sa i bez febrilne neutropenije
(p = 0,191). Uocena je povezanost febrilne neutrope-
nije sa ve¢com ucestaloscu visih klinickih stadijuma bo-
lesti, i za stadijume lIl i IV u€estalost je iznosila 70,0%.

Kod pacijenata sa febrilnom neutropenijom je bilo
znacajno ucestalije prisustvo bulky tumorske mase
(> 7 cm) i ustanovljeno je kod 54,5% ovih bolesnika,
u odnosu na pacijente bez febrilne neutropenije, kod
kojih je potvrdeno u 25% slucajeva (p = 0,010). Infiltra-

Tabela 1. Opsti podaci

Varijable /Variables

Starost / Age
Medijana (opseg) / Median (range)

Pol / Gender
M/Mm
L/F
Dijagnoza / Diagnosis
Limfom / Lymphoma
Multipli mijelom / Multiple Myeloma
Mijelodisplazni sindrom / Myelodysplastic syndrome

Klinicki stadijum/ Clinical stage
I
Il
11l
Iv

Bulky TU masa > 7 cm / Bulky TU mass > 7cm

Infiltracija kostane srzi / Bone marrow infiltration

Of the total number of patients, in 9 (10%) subjects
the disease was categorized as clinical stage (CS) I, 22
(24.4%) patients had CS Il, 28 (31.1%) patients had CS
lIl, while 22 (24.4%) patients had CS IV, while no signif-
icant difference was found between patients with and
without febrile neutropenia (p =0.191). An association
of febrile neutropenia with a higher frequency of more
advanced clinical stages of the disease was observed,
and for stages lll and IV the frequency was 70.0%.

In patients with febrile neutropenia, the presence
of a bulky tumor mass (> 7 cm) was significantly more
frequent and was found in 54.5% of these patients,
compared to patients without febrile neutropenia, in
whom it was confirmed in 25% of cases (p = 0.010).

Table 1. General data

n (%)
63(23-77)

38 (42.2%)
52(57.8%)

70 (77.8%)/3 HL/67 NHL
12 (13.3%)
8(8.9%)

(10%)
22 (24.4%)
28 (31.1%)
22 (24.4%)

29 (32.2%)
36 (40%)

9
2
8
2

Laboratorijski parametri, medijana (opseg ) / Laboratory parameters, median (range)

Hb g/l / Hb g/

MCV A/ MCV A

Le x10e9/1 / WBCx10e9/1
Trx10e9/1/ PLTx10e9/
ANC x10e9/1 / ANCx10e9/1
AMC x10e9/1 / AMCx10e9/
CRP mg/I/ CRP g/

ECOG/ ECOG
0

1
2
3
Smrtni ishod / Fatal outcome

Duzina pracenja u mesecima / Follow-up (months)
Medijana (opseq) / Median (range)

FN/FN
ima/nema / yes/no

118 (47 -172)
92 (74-112)
5.5(1.9-233)
206.5 (10 - 520)
3.2(0.7-13.7)
0.42(0-12.2)
3.85(0.1-116)

6
2

(66.7%)
(23.3%)
(7.8%)
(2.2%)

0
1
7
2
4(4.4%)
13.5(0— 120)

22 (24.4%)/86 (75.6%)
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Tabela 2. Sociodemografski i klinicki parametri prema prisustvu febrilne neutropenije

Table 2. Sociodemographic and clinical parameters according to the presence of febrile neutropenia

Pol / Gender

Muéki | Male 25 (36.8%%) 13 (59.1%) s
Zenski / Female 43 (63.2%) 9 (40.9%)

Starost (godine), medijana (opseq) / Age (years), median (range) 63.0(23-77) 63.0(31-74) 0.408
Dijagnoza / Diagnosis

Limfom / Lymphoma 51(75.0%) 19 (86.4%)

MM /MM 10 (14.7%) 2(9.1%) 0.525
MDS /MDS 7(10.3%) 1(4.5%)

Klinicki stadijum / Clinical stage

1 8(13.1%) 1(5.0%)

2 17 (27.9%) 5(25.0%) 0.191
3 23(37.7%) 5(25.0%)

4 13 (21.3%) 9 (45.0%)

Bulky TU masa > 7 cm / Bulky tumor mass > 7 cm 17 (25.0%) 12 (54.5%) 0.010
Infiltracija koStane srZi / Bone marrow infiltration 26 (38.2%) 10 (45.5%) 0.548
ECOG / ECOG

0 48 (70.6%) 12 (54.5%)

1 14 (20.6%) 7(31.8%)

2 4(5.9%) 3(13.6%) !

3 2(2.9%) 0(0.0%)

Prethodne infekcije / Previous infections 6 (8.8%) 5(22.7%) 0.084
Broj primenjenih hemioterapijskih linija / Number of administered lines of therapy 1(1-4) 2(1-6) 0.020
Broj hemioterapijskih ciklusa / Number of chemotherapy cycles 6(1-25) 6 (4-30) 0.027
Broj ciklusa imunoterapije / Number ofimmunotherapy cycles 5(0-18) 6 (0—25) 0.022
> 10 ciklusa hemioterapije / > 70 chemotherapy cycles 12 (17.6%) 9(40.9%) 0.025
> 3 hemioterapijske linije / > 3 lines of chemotherapy 7(10.3%) 8 (36.4%) 0.004
Infekcije tokom lecenja / Infections during treatment 19 (27.9%) 13 (59.1%) 0.008
Primena antibiotika / Application of antibiotics 23 (33.8%) 21(95.5%) 0.004
Primena G-CSF-a / Application of G-CSF 8(11.8%) 12 (54.5%) <0.001
Broj ampula G-CSF-a / Number of G-CSF ampoules 1(0-20) 5(1-28) <0.001
Komorbiditeti / Comorbidities 53 (77.9%) 19 (86.4%) 0.391
KOVID-19 infekcija / COVID-19 infection 7(10.3%) 3(13.6%) 0.665
Duzina pracenja (meseci) / Length of follow-up (months) 13.5(0-120) 14(6-113) 0.735
Smrtniishod / Fatal outcome 2(2.9%) 2(9.1%) 0.224

Numericki podaci, u zavisnosti od normalnosti raspodele podataka, prikazani su kao arit-
meticka sredina + standardna devijacija ili medijana (min-maks), a kategorijalni podaci
su prikazani kao broj pacijenata i procenat, n (%); statisticki znacajna razlika je prikazana
podebljanim slovima.

Legenda: MM — multipli mijelom; MDS — mijelodisplazni sindrom, G-CSF — engl. granulo-
¢yte colony-stimulating factor

Numerical data, depending on the normality of data distribution, are presented as the arith-
metic mean = standard deviation or as the median (min-max), and categorical data are pre-
sented as the number of patients and percentage, n (%), statistically significant difference is
given in bold letters.

Legend: MM — multiple myeloma; MDS — myelodysplastic syndrome, G-CSF — granulocyte
colony-stimulating factor
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cija koStane srzi nije pokazala znacajnu razliku u odno-
su na razvoj febrilne neutropenije (p = 0,548), kao ni u
odnosu na ECOG performans status. U nasem uzorku,
distribucija bolesnika prema ECOG performans statusu
je bila sledec¢a: ECOG 0 je imalo 60 (66,7%) bolesnika,
ECOG 1 je ustanovljen kod 21 (23,3%) pacijenta, ECOG
2 je bio prisutan kod 7 (7,8%) pacijenata, dok je dva
(2,2%) bolesnika imalo ECOG 3 (Tabela 1).

Pacijenti sa febrilnom neutropenijom su imali sta-
tisticki znacajno vedi broj primenjenih hemioterapijskih
linija (p = 0,020), hemioterapijskih ciklusa (p = 0,027)
i ciklusa imunoterapije (p = 0,025). Pacijenti kod kojih
se razvila FN su znacajno ucestalije imali primenje-
nih > 3 hemioterapijskih linija (36,4% naspram 10,3%;
p =0,004) kao i primenjenih > 10 ciklusa hemioterapije
(40,9% naspram 17,6%; p = 0,025) ili imunoterapije (IT),
(31,6% naspram 11,3%; p = 0,042). Takode, kod pacije-
nata sa febrilnom neutropenijom je bila znacajno veca
ucestalost infekcije tokom lec¢enja (59,1% naspram
27,9%; p = 0,008), kao i primena antibiotika (95,5% na-
spram 33,8%; p = 0,004), primena G-CSF-a (54,5% na-
spram 11,8%; p < 0,001), te broj primenjenih ampula
G-CSF-a (5,0 naspram 1,0; p < 0,001). Posmatrani klini¢ki
parametri koji se nisu razlikovali izmedu pacijenata sa i
bez febrilne neutropenije su: komorbiditeti (p = 0,391),
KOVID-19 infekcija (p = 0,665), duzina pracenja (p =
0,735) i smrtni ishod (p = 0,224), (Tabela 2).

Medu pacijentima koji su razvili FN, stepen neu-
tropenije gradusa 1 je uocen kod jednog (4,5%) bole-
snika, gradus 2 je utvrden kod cetiri (18,2%) bolesnika,
gradus 3 kod 10 (45,5%) pacijenata, a gradus 4 kod 7
(31,8%) bolesnika.

Tabela 3. Laboratorijski parametri prema prisustvu febrilne neutropenije

Bone marrow infiltration did not show a significant dif-
ference in relation to the development of febrile neu-
tropenia (p = 0.548), nor in relation to the ECOG per-
formance status. In our sample, the distribution of pa-
tients according to the ECOG performance status was
as follows: ECOG 0 was present in 60 (66.7%) patients,
ECOG 1 was established in 21 (23.3%) patients, ECOG 2
was present in 7 (7.8%) patients, while two (2.2%) pa-
tients had ECOG 3 (Table 1).

Patients with febrile neutropenia had a statistically
significantly higher number of applied lines of chemo-
therapy (p = 0.020), chemotherapy cycles (p = 0.027),
and immunotherapy cycles (p = 0.025). Patients who
developed FN significantly more often had > 3 lines
of chemotherapy administered (36.4% vs. 10.3%;
p =0.004), as well as > 10 chemotherapy cycles (40.9%
vs. 17.6%; p = 0.025) or immunotherapy (IT) cycles
administered, (31.6% vs. 11.3%; p = 0.042). Also, in
patients with febrile neutropenia, there was a signifi-
cantly higher frequency of infection during treatment
(59.1% vs. 27.9%; p = 0.008), as well as a significantly
higher frequency of antibiotics use (95.5% vs. 33.8%;
p = 0.004), a significantly higher frequency of G-CSF
administration (54.5% vs. 11.8%; p < 0.001), and a sig-
nificantly higher number of administered ampoules of
G-CSF (5.0 vs. 1.0; p < 0.001). The clinical parameters
that were observed not to differ between patients with
and without febrile neutropenia were as follows: co-
morbidities (p = 0.391), COVID-19 infection (p = 0.665),
length of follow-up (p = 0.735), and the fatal outcome
(p=0.224), (Table 2).

Table 3. Laboratory parameters according to the presence of febrile neutro-
penia

Hb (g/1) 17.4+243 12.9+237 0.449
MCV (f) 920+76 89.8+ 6.6 0.237
WBC (x10e9/1) 55(22-233.0) 5.8(1.9-116.0) 0.602
PLT (x10e9/1) 206.5 (10.0 - 520.0) 199.0(51.0—503.0) 0.981
ANC (x10e9/1) 3.1(0.7-124) 3.7(0.8-13.7) 0.430
AMC (x10e9/1) 0.4(0.0-12.2) 0.5(0.0-1.1) 0.960
CRP (mg/1) 3.3(0.1-116.0) 7.2(0.1-116.0) 0.012

Numericki podaci, u zavisnosti od normalnosti raspodele podataka, prikazani su kao arit-
meticka sredina = standardna devijacija ili medijana (min-maks) a kategorijalni podaci su
predstavljeni kao broj pacijenata i procenat, n (%).

Hb — hemoglobin, MCV — engl. mean corpuscular volume, Le — leukociti, Tr — trombociti,
ANC= engl. absolute neutrophil count, AMC — engl. absolute monocyte count, CRP — C reak-
tivni protein

Numerical data, depending on the normality of data distribution, are presented as the
arithmetic mean + standard deviation or as the median (min-max), and categorical data
are presented as the number of patients and percentage, n (%).

Hb — hemoglobin, MCV— mean corpuscular volume, WBC — white blood cell count, PLT
—platelet count, ANC— absolute neutrophil count, AMC — absolute monocyte count,
(RP — Creactive protein
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Tabela 4. Multivarijantna logisticka regresija u predikdiji razvoja febrilne
neutropenije kod bolesnika sa hematoloskim malignitetima

Nezavisne varijable / Independent variables

Bulky TU masa > 7 cm / Bulky tumor mass > 7 cm

> 3 hemioterapijskih linija / = 3 lines of chemotherapy
Infekcije tokom lecenja / Infections during treatment
Primena antibiotika / Application of antibiotics
Primena G-CSF-a / Application of G-CSF

Broj ampula G-CSF-a / Number of G-CSF ampoules

B — koeficijent, OR — odnos 3ansi (engl. odds ratio), CI - interval poverenja (engl. confiden-
ce interval), podebljano — statisticki znacajni prediktori

Izmedu pacijenata sa i bez febrilne neutropeni-
je uporedivani su i laboratorijski parametri i jedino su
vrednosti C-reaktivnog proteina (CRP) pokazale znacaj-
nu razliku sa ve¢im vrednostima kod bolesnika kod ko-
jih se razvila FN (7,2% naspram 3,3%; p = 0,012). Ostali
parametri: hemoglobin (Hb), (p = 0,449), MCV (engl.
mean corpuscular volume), (p = 0,237), leukociti (Le),
(p =0,602), trombociti (Tr), (p =0,981), ANC (engl. abso-
ulte neutrophil count), (p = 0,430) i AMC (engl. absolute
monocyte count), (p = 0,960), nisu se znacajno razliko-
vali u odnosu na razvoj febrilne neutropenije (Tabela 3).

Svi prediktori koji su univarijantnom analizom imali
statisticku znacajnost na nivou od 0,01 ukljuceni su u
model multivarijantne regresione analize sa zavisnom
varijablom - razvoj febrilne neutropenije. Model sadrzi
Sest prediktora i statisticki je znacajan (p < 0,001). Kao
znacajni prediktori razvoja febrilne neutropenije izdvo-
jili su se primena antibiotika (B=4,551; p < 0,001) i broj
primenjenih ampula G-CSF-a (B =0,154; p =0,028), (Ta-
bela 4).

DISKUSLJA

U nasoj studiji je dokazana statisticki znacajna razlika
u pojavi febrilne neutropenije kod bolesnika koji su
prethodno primali hemioterapiju, $to je u skladu sa do-
stupnim literaturnim podacima. Dodatak monoklon-
skih antitela hemioterapijskim protokolima povecava
rizik od pojave febrilne neutropenije [11,12]. Dokazali
smo da je pojava febrilne neutropenije bila ¢esca i kod
bolesnika kod kojih je primenjeno nekoliko terapij-
skih linija: =3 terapijske linije (36,4% naspram 10,3%;
p = 0,004), ali i kod onih kod kojih je primenjen vedi
broj ciklusa istog citostatika: = 10 ciklusa hemioterapi-
je (40,9% naspram 17,6%; p = 0,025), ukljucujudi i imu-
noterapiju (31,6% naspram 11,3%; p = 0,042).

Kada je re¢ o distribuciji febrilne neutropenije pre-
ma tipu limfoma, u rezultatima nase studije se moze

Table 4. Multivariate logistic regression in predicting the development of
febrile neutropenia in patients with hematological malignancies

Multivarijantna logisticka regresija / Multivariate logistic regression

B p 05 (95% C1)
0.588 0419 18(04-7.5)
0917 0310 25(0.4-1471)
-3.547 0.055 0.03 (0.001-1.1)
4551 <0.001 947 (8.1-1109.7)
2901 0.102 18.2(0.6 - 591.1)
0.154 0.028 12(10-13)

B — coefficient, OR — odds ratio, (I — confidence interval, bold — statistically significant
predictors

Among the patients who developed FN, grade 1
neutropenia was observed in one (4.5%) patient, grade
2 was found in four (18.2%) patients, grade 3 in 10
(45.5%) patients, and grade 4 in 7 (31.8%) patients.

Laboratory parameters were also compared be-
tween patients with and without febrile neutropenia
and only C-reactive protein (CRP) levels showed a sig-
nificant difference, with higher values in patients who
developed FN (7.2% vs. 3.3%; p = 0.012). Other param-
eters, namely: hemoglobin (Hb), (p = 0.449), mean cor-
puscular volume (MCV), (p = 0.237), white blood cell
count (WBCQ), (p=0.602), platelet count (PLT), (p=0.981),
absolute neutrophil count (ANC), (p = 0.430), and abso-
lute monocyte count (AMC), (p = 0.960), did not differ
significantly in relation to the development of febrile
neutropenia (Table 3).

All predictors with statistical significance at the
level of 0.01 in the univariate analysis were included
in the multivariate regression analysis model with the
development of febrile neutropenia as the dependent
variable. The model contains six predictors and is sta-
tistically significant (p < 0.001). The use of antibiotics
(B=4.551; p < 0.001) and the number of administered
ampoules of G-CSF (B = 0.154; p = 0.028) were distinct-
ly significant predictors of the development of febrile
neutropenia (Table 4).

DISCUSSION

Our study demonstrated a statistically significant dif-
ference in the occurrence of febrile neutropenia in
patients who had previously received chemotherapy,
which is in keeping with available literature data. The
addition of monoclonal antibodies to chemothera-
py protocols increases the risk of febrile neutropenia
[11,12]. We have proven that the occurrence of fe-
brile neutropenia was more frequent in patients who
received several lines of therapy: =3 lines of therapy
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videti najmanja ucestalost kod Hockinovog limfoma.
Ovakvi rezultati se mogu objasniti ¢injenicom da se u
nasem uzorku mogu nadi samo bolesnici koji su tretira-
ni ABVD protokolom (doksorubicin, bleomicin, vinbla-
stin i dakarbazin), te shodno tome, a u skladu sa NCCN
(engl. National Comprehensive Cancer Network) pre-
porukama, nije primenjivan G-CSF zbog opisane pul-
moloske toksi¢nosti bleomicina u ovakvoj kombinaciji
kod bolesnika starosti < 40 godina [13]. U svom radu iz
2024. godine, Islas-Munjoz i saradnici su objavili podat-
ke da je FN najceSca upravo kod bolesnika sa Hoc¢kino-
vim limfom i kod bolesnika sa akutnom limfoblastnom
leukemijom (ALL), odnosno akutnom mijeloidnom le-
ukemijom (AML) [14]. S obzirom da je nas uzorak mali
i da ne obuhvata bolesnike sa akutnim leukemijama,
ove podatke ne mozemo u potpunosti korelirati.

U literaturi je opisan prediktivni model razvoja ne-
utropenije, redukcije doze leka i odlaganja primene te-
rapije, zasnovan na hematoloskim parametrima krvne
slike tokom prvog ciklusa hemioterapije. Model pro-
cenjuje rizik od potrebe za redukcijom doze usled mi-
jelosupresije i rangira bolesnike u grupe sa srednjim i
visokim rizikom od nastanka neutropenije u narednim
ciklusima lecenja. Shodno tome, ova podela omoguca-
va pravovremenu primenu G-CSF-a, prevenciju febrilne
neutropenije i sledstvenu adekvatnu dozu hemiotera-
pije, bez potrebe za redukcijom. Dokazano je da kod
bolesnika sa najviSim stepenom neutropenije Cesée
dolazi do razvoja febrilne neutropenije [15,16]. U nasoj
studiji, tredi i Cetvrti stepen neutropenije u grupi onih
koji su razvili febrilnu neutropeniju, uocen je kod vise
od dve trecine bolesnika.

Dokazali smo c¢es¢u pojavu febrilne neutropenije
kod bolesnika sa prethodnim infekcijama, bolesnika
sa uznapredovalim klini¢kim stadijumom bolesti i onih
koji su imali bulky tumorsku masu, Sto je opisano i u
dostupnoj literaturi [6].

Interesantno je da je u nasem uzorku kod bolesnika
sa povoljnijim ECOG performans statusom (0 i 1) ¢esce
dolazilo do razvoja febrilne neutropenije, $to nije u sa-
glasnosti sa objavljenim studijama [17]. Ovo se moze
objasniti time $to bolesnici losijeg performans statusa
zahtevaju leCenje u bolnickim uslovima na mati¢nim
odeljenjima, zbog pratecih komplikacija, dok pokretni
bolesnici mogu primati terapiju i u uslovima dnevne
bolnice.

Teski i produzeni oblici neutropenije dokazano
su povezani, U mnogim istrazivanjima, sa ¢es¢om po-
javom infektivnog sindroma [14] $to je potvrdeno i u
nasoj studiji: bolesnici sa febrilnom neutropenijom su
imali cesc¢e infekcije (59,1% naspram 27,9%; p = 0,008),
kao i ¢es¢u primenu antibiotika (95,5% naspram 33,3%;
p < 0,001). Literaturni podaci ukazuju da se kod hema-

(36.4% vs. 10.3%; p = 0.004), but also in those who re-
ceived a higher number of cycles of the same cytostat-
ic drug: = 10 cycles of chemotherapy (40.9% vs. 17.6%;
p =0.025), including immunotherapy (31.6% vs. 11.3%;
p =0.042).

Regarding the distribution of febrile neutropenia
according to the type of lymphoma, the results of our
study show the lowest frequency in Hodgkin’s lym-
phoma. Such results can be explained by the fact that
our sample comprised only patients treated with the
ABVD regimen (doxorubicin, bleomycin, vinblastine,
and dacarbazine). Because of this, and per the National
Comprehensive Cancer Network (NCCN) recommen-
dations, G-CSF was not applied due to the described
pulmonary toxicity of bleomycin in this combination in
patients aged < 40 years [13]. In their study from 2024,
Islas-Munoz et al. reported that FN is, indeed, most
common in patients with Hodgkin’s lymphoma and
those with acute lymphoblastic leukemia (ALL)/acute
myeloid leukemia (AML) [14]. Since our sample is small
and does not include patients with acute leukemias,
we cannot fully correlate these data.

The literature describes a predictive model of the
development of neutropenia, drug dose reduction,
and treatment delay, based on blood count hemato-
logical parameters during the first cycle of chemother-
apy. The model estimates the risk of the need for dose
reduction due to myelosuppression and ranks patients
into groups with a medium and high risk of develop-
ing neutropenia in subsequent treatment cycles. Con-
sequently, this patient categorization allows timely
administration of G-CSF, prevention of febrile neutro-
penia, and the administration of an appropriate che-
motherapy dose, without the need for reduction. It has
been proven that patients with the highest degree of
neutropenia often develop febrile neutropenia [15,16].
In our study, in the group of patients who developed
febrile neutropenia, grade lll and grade IV neutropenia
was observed in more than two-thirds of the subjects.

We have proven the more frequent occurrence of
febrile neutropenia in patients with previous infec-
tions, patients with an advanced clinical stage of the
disease, and those who had a bulky tumor mass, which
has also been reported in the available literature [6].

Interestingly, in our sample, patients with a more
favorable ECOG performance status (0 and 1) devel-
oped febrile neutropenia more often, which is not in
agreement with published studies [17]. This can be ex-
plained by the fact that patients with a poorer perfor-
mance status require treatment in specialized hospital
wards, due to accompanying complications, while am-
bulatory patients can receive therapy in day-care set-
tings.
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toloskih bolesnika beleze duzi periodi neutropenije,
kao i neutropenije veéeg stepena, te shodno tome i
veci mortalitet u odnosu na bolesnike sa tumorima so-
lidnih organa [18]. Ovi podaci naglasavaju potrebu za
blagovremenim intenzivnim pracenjem i le¢enjem he-
matoloskih bolesnika sa teskim oblicima neutropenije
u bolni¢kim uslovima. Takode, naglasava se potreba za
primenom G-CSF-a kod ovakvih bolesnika, u cilju brzeg
oporavka.

Ve¢ pomenuti faktori rizika za razvoj febrilne neu-
tropenije, kao $to su uzrast, performans status, mije-
losupresivni efekat terapije, odnosno izbor hemiotera-
peutika, stepen neutropenije, te pad vrednosti drugih
parametara krvne slike, klju¢ni su u blagovremenom
prepoznavanju potrebe za primenom G-CSF-a. Neki od
ovih faktora su uvrséeni u ASCO CSF preporuke (engl.
American Society of Clinical Oncology - ASCO CSF guide-
lines) za profilakti¢cku primenu faktora stimulacije rasta
kolonija [17]. U nasoj studiji smo dokazali da je prime-
na G-CSF-a bila ¢eS¢a kod onih pacijenata kod kojih je
doslo do razvoja febrilne neutropenije (54,5% naspram
11,8%; p < 0,001), kao i da je kod njih primenjen veci
broj ampula G-CSF-a (5,0 naspram 1,0; p < 0,001), 5to je
u skladu sa do sada objavljenim podacima.

Kod Cetiri bolesnika je zabelezen letalni ishod zbog
pratec¢ih komorbiditeta, 5to je svakako nedovoljan uzo-
rak za poredenje sa dostupnim podacima iz literature.

Ogranicenja nase studije su sledeca: retrospektivni
tip studije, ukljucivanje pacijenata samo jednog odelje-
nja, odnosno mali broj ispitanika, teritorijalna pripad-
nost odredenog broja bolesnika drugim zdravstvenim
centrima i samim tim nedostupnost podataka o prime-
ni G-CSF-a u tim centrima, primena terapijskih proto-
kola u skladu sa individualnom klinickom praksom, kao
i sekundarna primena G-CSF-a u ovoj grupi bolesnika.
Ipak, prednost prikupljanja podataka u dnevnoj bol-
nici tercijarne ustanove je bilo prisustvo heterogene
grupe bolesnika sa najvec¢im spektrom hematoloskih
dijagnoza, te ¢e buduca istrazivanja sa vec¢im uzorkom
nesumnjivo doprineti dobijanju statisticki znacajnijih
podataka.

ZAKLJUCAK

Nasa studija je pokazala da je na razvoj febrilne neu-
tropenije uticao vedi broj primenjenih terapijskih linija
i ciklusa imunohemioterapije, klinic¢ki stadijum bolesti,
prisustvo bulky tumorske mase prilikom uspostavljanja
dijagnoze, kao i stepen agresivnosti tipa limfoma. Ce-
ste infekcije kod ovih bolesnika i ve¢a potreba za pri-
menom G-CSF-a i antibiotika naglasavaju potrebu za
daljim istrazivanjima u ovom polju, u cilju poboljSanja
kvaliteta lec¢enja. Takode, potrebno je usmeriti paznju
u pravcu preciznije identifikacije faktora rizika koji do-

Severe and prolonged forms of neutropenia have
been proven to be associated, in many studies, with
a more frequent occurrence of an infective syndrome
[14], which was also confirmed in our study: patients
with febrile neutropenia had more frequent infections
(59.1% vs. 27.9%; p = 0.008), as well as a more frequent
use of antibiotics (95.5% vs. 33.3%; p < 0.001). Litera-
ture data indicate that hematological patients experi-
ence longer periods of neutropenia, as well as a higher
degree of neutropenia, and consequently higher mor-
tality, compared to patients with solid-organ tumors
[18]. These data emphasize the need for timely inten-
sive monitoring and treatment of hematological pa-
tients with severe forms of neutropenia in the hospital
setting. Also, the need for the application of G-CSF in
such patients is emphasized, in order to achieve faster
recovery in patients.

The aforementioned risk factors for the develop-
ment of febrile neutropenia, such as age, performance
status, the myelosuppressive effect of treatment, i.e. the
choice of chemotherapeutic agents, the degree of neu-
tropenia, and the drop in other parameters in the blood
count, are key in timely recognition of the need for
G-CSF administration. Some of these factors are includ-
ed in the American Society of Clinical Oncology (ASCO)
CSF guidelines for the prophylactic use of the colo-
ny-stimulating factor [17]. In our study, we have prov-
en that the use of G-CSF was more frequent in those
patients who developed febrile neutropenia (54.5%
vs. 11.8%; p < 0.001) and that they were given a higher
number of ampoules of G-CSF (5.0 vs. 1.0; p < 0.001),
which is consistent with previously published data.

The fatal outcome was recorded in four patients,
due to accompanying comorbidities, which is certainly
not a sufficient sample for comparison with available
data from literature.

The limitations of our study are as follows: retro-
spective type of study, the inclusion of patients from
only one hospital department, i.e, a small number
of respondents, the territorial affiliation of a certain
number of patients to other health centers, and there-
fore the unavailability of data on the use of G-CSF in
those centers, the application of therapeutic regimens
in keeping with individual clinical practice, as well as
the secondary application of G-CSF in this group of
patients. However, the advantage of collecting data in
a day hospital belonging to a tertiary institution was
the presence of a heterogeneous group of patients
with a very wide spectrum of hematological diagno-
ses. Therefore, future research on a larger sample will
undoubtedly contribute to the obtaining of more sta-
tistically significant data.
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vode do febrilne neutropenije, kako bi se sprovela pra-
vovremena profilaksa i postigao veci uspeh u lecenju
bolesnika sa hematoloskim malignitetima.

Sukob interesa: Nije prijavljen.
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SAZETAK

Uvod: Hematolodke toksicnosti predstavljaju najcedce neZeljeno dejstvo pri-
mene CDK4/6 inhibitora (CDK4/6i). Zbog novine ovih lekova, postoji potreba za
dodatnim podacima koji bi identifikovali potencijaine predisponirajuce faktore
za razvoj hematolo3kih toksicnosti.

Cilj rada: Ova studija ima za cilj da ispita potencijalne predisponirajuce faktore
za razvoj hematoloske toksi¢nosti tokom primene CDK4/6i u cilju lecenja meta-
statskog karcinoma dojke.

Materijal: U ovoj retrospektivnoj deskriptivnoj studiji ispitivana je primena
(DK4/6i kod pacijentkinja sa metastatskim karcinomom dojke, lecenih na Ode-
ljenju dojke I0RSa u periodu od 1.1.2021. do 1.6.2024.

Rezultati: U studiju je ukljuceno 128 pacijentkinja; 43% je bilo na terapiji pal-
bociclibom, a 57% ribociclibom. Medijana starosti bila je 60 godina. Medijana
pracenja iznosila je 12 meseci (opseg 2-23). Neutropenija je uocena kod 82,1% pa-
cijentkinja, a gradus 3/4 kod 43%. Redukcija doze zbog ponavljanih neutropenija
gradusa 3/4 bila je potrebna kod 21,1% ispitanica. Anemije i trombocitopenije
gradusa 3/4 primecene su kod 0.8% i 1,6% pacijenata. Obustava terapije zbog
hematoloskih toksi¢nosti bila je neophodna kod 1,5% pacijentkinja. Nije bilo sta-
tisticki znacajne razlike izmedu dva leka u pogledu incidence hematoloske toksic-
nosti (p = 0,443). Prethodna primena hemioterapije u metastatskoj fazi bolesti
nije bila znacajno povezana sa ucestalos¢u hematoloske toksicnosti (p = 0,565).
Palijativna radioterapija kotanih lezija pokazala je statisticki znacajnu poveza-
nost sa potrebom za redukcijom doze CDK4/6i (p = 0,001, r = 0,283). Medijana
preZivljavanja bez progresije bolesti (PFS) nije dostignuta, ali nije postojao trend
koji bi ukazivao na to da redukcija doze CDK4/6i utice na PFS (p=0,719)
Zakljucak: Palijativna radioterapija ko3tanih lezija je povezana je sa ceScom
redukcijom doze CDK4/6i, ali redukcija doze ovih lekova nije uticala na duZinu
preZivljavanja.

Kljucne reci: metastatski karcinom dojke, CDK4/6 inhibitori, hematoloska
toksicnost
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ABSTRACT

Introduction: Hematologic toxicity is the most common side effect of CDK4/6
inhibitors (CDK4/6i). Due to the novelty of these drugs, additional data are need-
ed to identify potential predisposing factors for the development of hematologic
toxicities.

Aim: This study aims to investigate potential predisposing factors for the devel-
opment of hematological toxicity during the administration of CDK4/6i in the
treatment of metastatic breast cancer.

Methods: This retrospective descriptive study investigated the application of
(DK4/6i in patients with metastatic breast cancer treated at the Breast Depart-
ment of IORS from 1.1.2021 to 1.6.2024.

Results: 128 patients were included in the study; 43% were treated with palbo-
ciclib and 57% with ribociclib. The median age was 60 years. Median follow-up
was 12 months (range 2-23). Neutropenia was observed in 82.1% of patients
and grade 3/4 in 43%. Dose reduction due to repeated grade 3/4 neutropenia
was required in 21.1% of subjects. Grade 3/4 anemia and thrombocytopenia
were observed in 0.8% and 1.6% of patients. Discontinuation of therapy due to
hematological toxicities was necessary in 1.5% of patients. There was no statis-
tically significant difference between the two drugs regarding the incidence of
hematological toxicity (p = 0.443). Previous use of chemotherapy in the meta-
static phase of the disease was not significantly associated with the frequency
of hematological toxicity (p = 0.565). Palliative radiotherapy of bone lesions
showed a statistically significant association with the need to reduce the dose
of CDK4/6i (p =0.001, r = 0.283). Median progression-free survival (PFS) was not
reached, but there was no trend to suggest that (DK4/6i dose reduction affected
PFS (p=0.719)

Conclusion: Palliative radiotherapy of bone lesions is associated with more fre-
quent dose reduction of CDK4/6i, but dose reduction of these drugs did not affect
the length of survival.

Keywords: metastatic breast cancer, CDK4/6 inhibitors, hematological toxicity
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uvoD

Inhibitori ciklin-zavisnih kinaza 4 i 6 (CDK4/6) pred-
stavljaju optimalnu terapijsku opciju u prvoj ili drugoj
liniji lecenja metastatskog hormonski receptor-po-
zitivnog (HR+), humanog epidermalnog faktora ra-
sta 2 (HER2) negativnog karcinoma dojke. Ovi lekovi
primenjuju se zajedno sa hormonskom terapijom,
u prvoj liniji sa inhibitorima aromataze, a u drugoj
sa fulvestrantom [1]. Do danas tri CDK4/6 inhibito-
ra dobila su odobrenje Americke agencije za lekove
i hranu (FDA) i Evropske medicinske agencije (EMA)
za primenu u ovoj indikaciji: abemaciclib, palbociclib
i ribociclib. Takode, abemaciclib je odobren od strane
FDA i EMA za primenu u adjuvantnom lecenju ranog
karcinoma dojke sa visokim rizikom od relapsa bole-
sti, dok je ribociclib u adjuvantnom pristupu pokazao
znacajan benefit u prezivljavanju bez relapsa bolesti
kod pacijentkinja u Il i lll stadijumu HR+/HER2- karci-
noma dojke [1,2].

Osnovni princip antineoplasti¢cnog dejstva ovih
lekova zasniva se na inhibiciji CDK4/6, koja dovodi do
zaustavljanja fosforilacije retinoblastom proteina (Rb)
u CDK4/6-cyclin D1-Rb-p16/ink4a signalnom putu, sto
za posledicu ima onemogucavanje prelaska celija iz
G1 u S fazu celijskog ciklusa [3]. lako sva tri leka vrse
inhibiciju CDK 4 i CDK 6, pokazano je da palbociclib i
ribociclib u znacajnijoj meri inhibiraju CDK 6, dok abe-
maciclib prevashodno deluje na CDK 4, $to dovodi do
postojanja razlike u profilu toksi¢nosti ovih lekova [4].
Zbog vazne uloge CDK6 u diferencijaciji hematopoet-
skih ¢elija, neutropenija (koja je prisutna kod 80% pa-
cijenata) predstavlja daleko najcesée nezeljeno dejstvo
palbociclibai ribocicliba [5,6]. Medutim, ova neutrope-
nija se lako i brzo spontano oporavlja, jer nastaje zbog
zaustavljanja diferencijacije hematopoetskih celija bez
ostecenja DNK, za razliku od citotoksi¢ne neutropenije
koja nastaje pod uticajem hemioterapije. S obzirom na
to, terapijski ciklus ribocicliba i palbocicliba ukljucuje
pauzu u primeni leka od 7 dana, a neutropenije gra-
dusa (gr) 4 i ponavljane neutropenije gr 3 predstavlja-
ju najcesdi razlog za smanjenje doze ovih lekova [7,8].
Ovo nije sluc¢aj kod abemacicliba, lek se primenjuje
kontinuirano, a ucestalost neutropenije iznosi oko
40%, a najc¢esce nezeljeno dejstvo predstavljaju dijare-
je, koje su prouzrokovane inhibicijom CDK9 koja nije
prisutna kod palbocicliba i ribocicliba [9]. Anemije i
trombocitopenije znacajno su rede prilikom primene
CDK4/6 inhibitora [7,8].

Do trenutka pisanja ovog rada, u Republici Srbiji su
za le¢enje metastaskog HR+/HER2- karcinoma dojke
dostupni palbociclib i ribociclib, dok se abemaciclib
primenjuje kao adjuvantna terapija. Cilj ove studije je
da prikaze dosadasnje iskustvo naseg centra sa pal-

INTRODUCTION

Cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors
represent an optimal therapeutic option in the first or
second line of treatment for metastatic hormone re-
ceptor-positive (HR+), human epidermal growth factor
receptor 2 (HER2)-negative breast cancer. These drugs
are administered in combination with hormonal ther-
apy, in the first line with aromatase inhibitors and the
second line with fulvestrant [1]. To date, three CDK4/6
inhibitors have received approval from the U.S. Food
and Drug Administration (FDA) and the European
Medicines Agency (EMA) for use in this indication:
abemaciclib, palbociclib, and ribociclib. Additionally,
abemaciclib has been approved by the FDA and EMA
for use in the adjuvant treatment of early-stage breast
cancer with a high risk of relapse, while ribociclib has
demonstrated significant relapse-free survival benefits
in the adjuvant setting for patients in stage Il and llI
HR+/HER2- breast cancer [1,2].

The primary mechanism of action of these drugs
is based on the inhibition of CDK4/6, which leads to
the halting of retinoblastoma protein (Rb) phosphor-
ylation in the CDK4/6-cyclin D1-Rb-p16/ink4a signal-
ing pathway, preventing the transition of cells from
the G1 to the S phase of the cell cycle [3]. Although all
three drugs inhibit both CDK4 and CDK6, studies have
shown that palbociclib and ribociclib inhibit CDK6 to
a greater extent, while abemaciclib primarily targets
CDKA4, resulting in differences in the toxicity profiles of
these drugs [4]. Due to the important role of CDK6 in
hematopoietic cell differentiation, neutropenia (pres-
entin up to 80% of patients) is by far the most common
adverse effect of palbociclib and ribociclib [5,6]. How-
ever, this neutropenia is easily and quickly reversible,
resulting from halted hematopoietic cell differentia-
tion without DNA damage, unlike cytotoxic neutrope-
nia caused by chemotherapy. As a result, the therapeu-
tic cycle of ribociclib and palbociclib includes a 7-day
drug break, and grade 4 neutropenia and recurrent
grade 3 neutropenia are the most common reasons for
the dose reduction of these drugs [7,8]. This is not the
case with abemaciclib, which is administered contin-
uously, with a neutropenia rate of around 40%, while
the most common adverse effect is diarrhea, caused
by CDK9 inhibition, which is not seen with palbociclib
and ribociclib [9]. Anemia and thrombocytopenia are
significantly less frequent with the use of CDK4/6 in-
hibitors [7,8].

As of the time of writing this paper, palbociclib
and ribociclib are available in the Republic of Serbia
for the treatment of metastatic HR+/HER2- breast can-
cer, while abemaciclib is used as adjuvant therapy. This
study aims to present the experience of our center
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bociclibom i ribociclibom iz ugla hematoloskih toksic¢-
nosti, kao i da se ispita potencijalne faktore rizika koji
mogu dovesti do predvidanja pojave povecane uce-
stalosti hematoloskih nezeljenih dejstava i potrebe za
redukcijom doze ovih lekova.

MATERUALI I METODE

Sproveli smo retrospektivnu deskriptivnu studiju, koja
je ukljucila pacijentkinje koje su u periodu od 1.1.2021.
do 1.6.2024. lecile metastatski HR+/HER- karcinom doj-
ke palbociclibomili ribociclibom na odeljenju dojke In-
stituta za onkologiju i radiologiju Srbije (IORS). Istorije
bolesti pacijenatkinja pregledane su radi dobijanja po-
dataka o godinama starosti, stadijumu bolesti, histolo-
giji, karakteristikama relapsa, nezeljenim dogadajima,
prethodnom specificnom onkoloskom lecenju i pra-
¢enju pacijentkinja. Prikupljeni su i podaci o primeni
hemioterapije u metastakoj fazi bolesti pre primene
CDK4/6 inhibitora, kao i podaci o sprovodenju palija-
tivne radioterapije (RT) kostanih lezija hematopoetski
aktivnih kostiju (kicma, karlica, rebra, skapule, rame-
na kost ili butna kost) pre ili tokom primene CDK4/6
inhibitora. Common Terminology Criteria for Adverse
Events (CTCAEv.5.0) koriS¢en je za gradiranje nezelje-
nih dogadaja, dok je Response Evaluation Criteria in
Solid Tumors (RECIST) verzija 1.1 primenjivana u cilju
evaluacije bolesti. Op3te stanje pacijenata uklju¢enih u
studiju procenjivano je na osnovu Performans statusa
Isto¢noevropske kooperativne onkoloske grupe (ECOG
PS). Sve pacijentkinje su dale pisani informisani prista-
nak pre pocetka studije. Terapijski ciklus palbocicliba
ili ribocicliba trajao je 28 dana, od kojih se lek prime-
njivao 21 dan (palbociclib u dozi 125 mg dnevno, ri-
bociclib u dozi 600 mg dnevno), nakon ¢ega je sledila
pauza od 7 dana. U slucaju pojave nezeljenih dejstava
koja su zahtevala smanjenje doze leka, palbociclib je
bio ordiniran u dozi 100 mg dnevno (prvi nivo dozne
redukcije) ili 75 mg dnevno (drugi nivo dozne reduk-
cije), dok je ribociclib bio ordiniran u dozama 400 mg
dnevno (prvi nivo dozne redukcije) ili 200 mg dnevno
(drugi nivo dozne redukcije).

Ukupno 128 pacijentkinja bilo je uklju¢eno u ovu
studiju. Vecina ispitanica (95.4%) bila je dobrog opsteg
stanja (ECOG PS 0 ili 1) pre poletka primene CDK4/6
inhibitora. Palbociclib je primenjen kod 56 (43,8%) pa-
cijentkinja, dok je ribociclib primenjen kod 72 (56,2%)
pacijentkinje. Medijana starosti populacije bila je 60
godina (opseg 30-83). Medijana starosti u subpopu-
laciji koja je primenjivala palbociclib bila je 66 godina
(opseg 42-83), dok je za ribociclib bila 57 godina (op-
seg 30-77). U vedini slu¢ajeva, CDK4/6 inhibitori pri-
menjivani su kao prva linija terapije sa inhibitorima
aromataze kod 91 (71,1%) pacijentkinje, palbociclib 37

with palbociclib and ribociclib from the perspective
of hematological toxicities, as well as to examine po-
tential risk factors that could predict the occurrence of
increased hematological adverse effects and the need
for dose reduction of these drugs.

MATERIALS AND METHODS

We conducted a retrospective descriptive study that
included female patients treated for metastatic HR+/
HER2- breast cancer with palbociclib or ribociclib from
January 1, 2021, to June 1, 2024, at the Breast Depart-
ment of the Institute for Oncology and Radiology of
Serbia (IORS). The patients’ medical histories were re-
viewed to obtain data on age, disease stage, histolo-
gy, relapse characteristics, adverse events, previous
specific oncological treatments, and patient follow-up.
Data on chemotherapy use in the metastatic phase of
the disease before CDK4/6 inhibitor administration, as
well as the use of palliative radiotherapy (RT) for bone
lesions of hematopoietically active bones (spine, pel-
vis, ribs, scapula, shoulder, or femur) before or during
CDK4/6 inhibitor therapy, were also collected. The
Common Terminology Criteria for Adverse Events (CT-
CAEv.5.0) was used to grade adverse events, while the
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 was applied to evaluate the disease. The
general condition of the patients included in the study
was assessed based on the Eastern Cooperative Oncol-
ogy Group Performance Status (ECOG PS). All patients
provided written informed consent before the study
began.

The treatment cycle for palbociclib or ribociclib
lasted 28 days, with the drug administered for 21 days
(palbociclib at a dose of 125 mg daily, ribociclib at a
dose of 600 mg daily), followed by a 7-day break. In
the case of adverse events requiring dose reduction,
palbociclib was administered at a dose of 100 mg daily
(first dose reduction level) or 75 mg daily (second dose
reduction level), while ribociclib was administered at
doses of 400 mg daily (first dose reduction level) or 200
mg daily (second dose reduction level).

A total of 128 patients were included in this study.
Most participants (95.4%) were in good general condi-
tion (ECOG PS 0 or 1) before starting CDK4/6 inhibitors.
Palbociclib was used by 56 (43.8%) patients, while ribo-
ciclib was used by 72 (56.2%) patients. The population’s
median age was 60 years (range 30-83). The median
age in the palbociclib subgroup was 66 years (range
42-83), while for the ribociclib subgroup, it was 57 years
(range 30-77). In most cases, CDK4/6 inhibitors were
administered as first-line therapy with aromatase in-
hibitors in 91 (71.1%) patients, with 37 (66%) receiving
palbociclib and 54 (75%) receiving ribociclib. Slightly
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Tabela 1. Demografske karakteristike populacije

Varijabla / Variable

Lek, n (%) / Drug, n (%)
Palbociclib / Palbociclib
Ribociclib / Ribociclib

Linija terapije, n (%) / Therapy line, n (%)
Prva linija / First line
Druga linija / Second line

Klinicki stadijum pri dijagnozi, n (%) / Clinical stage at diagnosis, n (%)
|
1l
[]
\']

Visceralne metastaze, n (%) / Visceral metastases, n (%)
Da /Yes

Table 1. Demographic data on the population
n=128

56 (43.8%)
72 (56.2%)

91(71.1%)
37 (28.9%)

5(3.9%)
39(30.5%)
36 (28.1%)
48 (37.5%)

67 (52.3%)

Ne /No 61 (47.7%)
RT kostanih lezija pre CDK4/6i, n (%) / Bone RT before starting CDK4/6, n (%)

Da /Yes 51(39.8%)

Ne /No 77 (60.2%)
Sistemska HT pre CDK4/6 , n (%) i / Systemic chemotherapy before CDK4/6, n (%)

Da /Yes 20 (15.6%)

Ne /No 108 (84.4%)
ECOG PS, n (%) / ECOG PS, n (%)

0 48 (37.5%)

1 74 (57.9%)

2 6 (4.6%)

Legenda: RT- radiaciona terapija, HT- hemioterapija, CDK4/6i - Inhibitori ciklin zavisnih
kinaza 416, ECOG PS - Performans Status Istocno Evropske Kooperativne Onkoloske Grupe)

(66%) i ribociclib 54 (75%). Nesto vise od trecine paci-
jentkinja, 48 (37,5%), dijagnostikovano je u cetvrtom
klinickom stadijumu, a visceralne metastaze bile su
prisutne kod 67 (52,3%) ispitanica, 28 (50%) u palbo-
ciclib i 39 (54,2%) u ribociclib podgrupi. Kod 41 (32%)
pacijentkinje sekundarni depoziti bili su prisutni samo
na kostima (palbociclib 32,1%, ribociclib 31,9%). He-
mioterapija je primenjena u metastatskoj fazi bolesti
pre CDK4/6 inhibitora kod 20 (15,6%) pacijentkinja, a
zracna terapija kostanih lezija sprovedena je kod 51
(37,5%) ispitanice.

Statisticka analiza

Statistical Package for Social Sciences (SPSS) verzija
26 koris¢ena je za statisti¢ku analizu. Period bez pro-
gresije bolesti (PFS) definisan je kao vreme proteklo
od pocetka terapije CDK4/6 inhibitorom do pojave
progresije bolesti ili smrti zbog bilo kog uzroka. Ko-
relacije izmedu nominalnih varijabli ispitivane su pri-
menom Pearsonovog koeficijenta korelacije i Fishero-
vog exact testa korelacije, dok su ispitivanja korelacije
medu ordinalnim varijablama sprovodene Man-W-
hitney U testom. Podaci o prezivljavanju dobijeni su

Legend: RT— radiotherapy, HT- chemotherapy, CDK4/6i - Cyclin Dependent Kinase 4 and 6
inhibitors), ECOG PS - Eastern Cooperative Oncology Group Performance Status)

over a third of the patients, 48 (37.5%), were diagnosed
in the fourth clinical stage, and visceral metastases
were present in 67 (52.3%) participants, 28 (50%) in
the palbociclib group, and 39 (54.2%) in the ribociclib
group. In 41 (32%) patients, secondary deposits were
present only in the bones (palbociclib 32.1%, ribociclib
31.9%). Chemotherapy was administered in the meta-
static phase of the disease before CDK4/6 inhibitors in
20 (15.6%) patients, and radiotherapy for bone lesions
was performed in 51 (37.5%) patients.

Statistical Analysis

The Statistical Package for Social Sciences (SPSS) ver-
sion 26 was used for statistical analysis. Progression-free
survival (PFS) was defined as the time from the start
of CDK4/6 inhibitor therapy to disease progression or
death from any cause. Correlations between nominal
variables were assessed using Pearson’s correlation
coefficient and Fisher’s exact test, while correlations
between ordinal variables were analyzed using the
Mann-Whitney U test. Survival data were obtained us-
ing the Kaplan-Meier method. The log-rank test was
used to assess the correlation between survival param-
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Kaplan-Meier metodom. Log-rank test koris¢en je za
procenu korelacije izmedu parametara prezivljavanja.
Vrednosti p manje od 0.05 smatrane su statisticki zna-
cajnim.

REZULTATI

Primenom Man-Whitney U testa za nezavisan uzorak,
zaklju€eno je da je postojala statisticki znacajna razlika
u starosti izmedu podgrupa palbocicliba i ribocicliba
(p < 0,001). Nije bilo drugih statisticki znacajnih razlika
u demografskim karakteristikama izmedu dve podgru-
pe ispitanica.

Nakon medijane pracenja od 12 meseci (opseg
2-34), zabelezena su 54 slucaja progresije bolesti
(42,2% pacijenatkinja). Do trenutka pisanja ovog rada
jos$ uvek nije dostignuta medijana PFS-a (procenjena
aritmeticka sredina: 18,029 meseci [Cl 95% 15,453-
20,604]).

Hematoloske toksi¢nosti bile su veoma ceste i
javile su se kod 82,8% pacijentkinja. Predominantno
se javljala neutropenija, koja se u bilo kom gradu-
su tokom primene CDK4/6 inhibitora javila kod 105
(82%) ispitanica. Neutropenija gr 3 je bila prisutna u
51 (39,8%) slucaju, dok je neutropenija gr 4 bila zna-
¢ajno reda i javila se kod 5 (3,9%) ispitanica. U palbo-
ciclib podgrupi, 47 (83,9%) pacijenatkinja razvilo je
neutropeniju, od kojih je 24 (42,3%) imalo neutrope-
niju gr 3 ili 4. Sli¢ni rezultati zabelezeni su i u ribociclib
podgrupi, gde se neutropenija javila kod 58 (80,6%)
pacijenatkinja, a neutropenija gr 3ili 4 kod 32 (44,5%).
Nije bilo statisticki znacajne razlike izmedu palbocicli-
ba i ribocicliba kada je u pitanju incidenca neutrope-
nije (p =0,857).

Tabela 2. Analiza podgrupa palbociclib i ribociclib

eters. P-values less than 0.05 were considered statisti-
cally significant”

RESULTS

Using the Mann-Whitney U test for independent sam-
ples, it was concluded that there was a statistically sig-
nificant difference in age between the palbociclib and
ribociclib subgroups (p < 0.001). There were no other
statistically significant differences in demographic
characteristics between the two subgroups of patients.

After a median follow-up of 12 months (range
2-34), 54 cases of disease progression were recorded
(42.2% of patients). At the time of writing this paper,
the median PFS had not yet been reached (estimated
mean: 18.029 months [C/ 95% 15.453-20.604]).

Hematological toxicities were very common, oc-
curring in 82.8% of patients. Neutropenia was the
predominant toxicity, occurring in any grade during
CDK4/6 inhibitor therapy in 105 (82%) patients. Grade
3 neutropenia was present in 51 (39.8%) cases, while
grade 4 neutropenia was significantly rarer, occurring
in 5 (3.9%) patients. In the palbociclib subgroup, 47
(83.9%) patients developed neutropenia, of whom 24
(42.3%) had grade 3 or 4 neutropenia. Similar results
were observed in the ribociclib subgroup, where neu-
tropenia occurred in 58 (80.6%) patients, and grade
3 or 4 neutropenia occurred in 32 (44.5%). There was
no statistically significant difference between palbo-
ciclib and ribociclib in the incidence of neutropenia
(p =0.857).

No cases of febrile neutropenia were recorded
during CDK4/6 inhibitor therapy, nor was granulocyte
colony-stimulating factor (GCSF) used as a treatment

Table 2. Analysis of palbociclib and ribociclib subgroup

Visceralne metastaze, n (%) / Visceral metastases, n (%) 8 (50%) 39 (54.2%) p=0.640
Linija terapije, n (%) / Therapy line, n (%)
Prva linija / First line 37 (66.1%) 54 (75%) p=0.269
Druga linija / Second line 19 (33.9%) 18 (25%)
Redukcija doze, n (%) / Dose reduction, n (%) 11(19.6%)  16(22.2%) p=0.723
" " . n
Neutropenija, n (%) / Neutropenia, n (%) 47 (83.9%)  58(80.6%) p=0.443
Neutropenija gradus 3/4, n (%) / Neutropenija gradus 3/4, n (%) 24(42.9%) 32 (44.5%) p=0.857
Radioterapija pre CDK4/6i, n (%) / Radiotherapy prior to CDK4/6i),n (%) 24 (42.9%) 27 (37.5%) p=0.539
Hemioterapija pre CDK4/6i, n (%) / Chemotherapy before (DK4/6i,n (%)  10(17.9%) 10 (13.9%) p=0.540

Legenda: CDK4/6i - Inhibitori ciklin zavisnih kinaza 4i 6

Legend: (DK4/6i - (yclin Dependent Kinase 4 and 6 inhibitors
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Nisu zabeleZeni slucajevi febrilne neutropenije to-
kom primene CDK4/6 inhibitora, niti su faktori stimu-
lacije rasta granulocitnih kolonija (GCSF) primenjivani
kao terapija neutropenije. Neutropenije gr 4 ili ponav-
ljane neutropenije gr 3, koje su zahtevale odlaganja te-
rapijskog ciklusa i posledi¢no smanjenje doze lekova,
javile su se kod 27 (21,1%) pacijentkinja. U palbociclib
podgrupi, 11 (19,6%) pacijentkinja je zahtevalo sma-
njenje doze leka, dok je u ribociclib podgrupi, taj broj
iznosio je 16 (22,2%). Nije bilo statisti¢ki znacajne razli-
ke izmedu dva leka kada je u pitanju potreba za reduk-
cijom doze (p =0,723). Medijana vremena do redukcije
doze iznosila je 5 meseci (opseg 1-22).

Trombocitopenije su bile znacajno rede i zabele-
zene su kod 10 (7,8%) pacijentkinja, dok je po jedna
(0,8%) pacijentkinja u obe podgrupe imala tromboci-
topeniju gr 3 ili 4. Anemija visokog gradusa zabelezena
je samo u jednom slucaju terapije ribociclibom (0,8%).
Transfuzije derivata krvi bile su potrebne kod dve pa-
cijentkinje, jednom zbog postojanja trombocitopenije
gr 4 i jednom zbog postojanja anemije gr 4. Potpuna
obustava CDK4/6 inhibitora zbog hematoloske toksic-
nosti bila je potrebna u samo dva (1,5%) slucaja, jed-
nom zbog trombocitopenije gr 4 (ribociclib) i jednom
zbog ponavljanih neutropenija gr 4 uprkos redukciji
doze leka (palbociclib).

Prethodna primena hemioterapije u metastatskoj
fazi bolesti i palijativna zrac¢na terapija kostanih lezija
ispitivane su kao potencijalni faktori rizika za razvoj
hematoloske toksi¢nosti tokom primene CDK4/6 inhi-
bitora. Primena hemioterapije nije pokazala statisti¢-
ki znacajnu povezanost sa incidencom hematoloskih
nezeljenih dejstava (p = 0,663), niti sa potrebom za
redukcijom doze lekova (p = 0.467). Palijativna zra¢na
terapija koStanih lezija nije pokazala statisticki znacaj-
nu povezanost sa pojavom neutropenije (p = 0,778),
ali je bila u statisticki znacajnoj korelaciji sa potre-
bom za redukcijom doze CDK4/6 inhibitora (p =0,001,
r = 0,283). Ova korelacija postojala je i pri analizi po-
dgrupa: palbociclib (p =0,029, r = 0,298), ribociclib
(p=0,019,r=0,276).

lako medijana PFS-a jo$ nije dostignuta, uzimaju-
¢i u obzir da je medijana vremena do redukcije doze
leka kra¢a od medijane pracdenja, sprovedena je analiza
prezivljavanja sa ciljem da se ispita potencijalni efekat
smanjenja doze CDK4/6 inhibitora usled hematolos-
ke toksi¢nosti na PFS. Nakon medijane pracenja od
12 meseci, nije primecena statisticki znacajna razlika
u PFS-u kod pacijentkinja koje su bile na redukovanoj
dozi CDK4/6 inhibitora zbog razvoja hematoloske tok-
si¢nosti (p=0,179).

Nehematoloske toksi¢nosti visokog gradusa bile su
znacajno rede od hematoloskih. Razvoj hepati¢ne tok-

for neutropenia. Grade 4 neutropenia or recurrent
grade 3 neutropenia, which required delays in the
therapeutic cycle and subsequent dose reductions,
occurred in 27 (21.1%) patients. In the palbociclib sub-
group, 11 (19.6%) patients required dose reduction,
while in the ribociclib subgroup, this number was 16
(22.2%). There was no statistically significant difference
between the two drugs regarding the need for dose re-
duction (p=0.723). The median time to dose reduction
was 5 months (range 1-22).

Thrombocytopenia was significantly less common,
occurring in 10 (7.8%) patients, with one patient (0.8%)
in each subgroup experiencing grade 3 or 4 thrombo-
cytopenia. High-grade anemia was recorded in only
one case during ribociclib therapy (0.8%). Blood trans-
fusions were needed in two patients: one due to grade
4 thrombocytopenia and one due to grade 4 anemia.
Complete discontinuation of CDK4/6 inhibitors due
to hematological toxicity was necessary in only two
(1.5%) cases: one due to grade 4 thrombocytopenia
(ribociclib) and one due to recurrent grade 4 neutrope-
nia despite dose reduction (palbociclib).

The prior use of chemotherapy in the metastat-
ic phase of the disease and palliative radiation ther-
apy for bone lesions were examined as potential risk
factors for developing hematological toxicity during

Tabela 3. Hematoloske toksinosti i redukcije doze

Table 3. Hematological toxicities and dose reductions of therapy

Varijabla / Variable n=128
Neutropenia hilo kog gradusa, n (%) /
Neutropenia of any grade, n (%)
Da /Yes 105 (82%)
Ne /No 23 (18%)
Neutropenija gradus 3 ili 4, n (%) /
Neutropenia of grade 3 or 4, n (%)
Da /Yes 56 (43.75%)
Ne /No 72 (56.25%)
Redukcija doze, n (%) /
Dose reduction, n (%)
Ne /No 107 (78.9%)
Da, Nivo 1 / Yes, level one 26 (20.3%)
Da, Nivo 2 / Yes, level two 1(0.8%)
Palbociclib Redukcija doze, n (%) / n=>56 (%)
Palbociclib Dose reduction, n (%)
Ne /No 45 (80.4%)
Da, Nivo 1 / Yes, level one 10(18.8.%)
Da, Nivo 2 / Yes, level two 1(0.8%)
Ribociclib Redukcija doze, n (%) / n=72 (%)
Ribociclib Dose reduction, n (%)
Ne /No 56 (77.8%)
Da, Nivo 1 / Yes, level one 16 (22.2%)
Da, Nivo 2 / Yes, level two 0(0%)
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Slika 1. Kaplan-Meier kriva prezivljavanja za pacijentkinje sa i bez redukcije
doze CDK4/6i

Legenda: PFS- prezivljavanje bez progresije bolesti, CDK4/6i - Inhibitori ciklin zavisnih
kinaza4i6

si¢nosti u vidu porasta transaminaza gr 3 ili 4 zabele-
zen je kod 3,9% pacijentkinja, dok je smanjenje kliren-
sa kreatinina gr 3 ili 4 zabeleZeno kod 4,6% ispitanica.
Produzenje QTC intervala primeceno je kod 2 (1,5%)
pacijentkinje koje su bile na terapiji ribociclibom. Za-
belezen je i jedan slucaj alergijske reakcije na palbo-
ciclib.

DISKUSLJA

Primena palbocicliba i ribocicliba u HR+/HER2- me-
tastatskom karcinomu dojke odobrena je na osnovu
multiplih klinickih studija koje su pokazale klinicki i
statisticki znacajan benefit u PFS-u i OS-u, u odnosu
na primenu endokrine terapije bez CDK4/6 inhibito-
ra [7-10]. Medutim, pacijenti u klini¢kim studijama su
precizno selektovani s aspekta godina starosti, opsteg
stanja, komorbiditeta, menopauzalnog statusa, pret-
hodnog specifitnog onkoloskog lecenja, kao i mnogih
drugih faktora i ne oslikavaju uvek osobine opste po-
pulacije. U nasem istrazivanju, pacijentkinje koje su tre-
tirane ribociclibom bile su statisticki zna¢ajno mlade
od onih kod kojih je ordiniran palbociclib. Potencijalno
objadnjenje za ovu razliku moze lezati u Cinjenici da
je u studijama, tokom primene ribocicliba, zabelezen

Picture 1. Kaplan-Meier survival curve for patients with and without dose
reduction of CDK4/6i

Legend: PFS- Progression Free Survival, CDK4/6i - Cyclin Dependent Kinase 4 and 6 in-
hibitors

CDK4/6 inhibitor therapy. Chemotherapy use was not
significantly associated with the incidence of hemato-
logical adverse events (p = 0.663) or with the need for
dose reduction (p = 0.467). Palliative radiation therapy
for bone lesions was not significantly associated with
the occurrence of neutropenia (p = 0.778), but it was
significantly correlated with the need for CDK4/6 in-
hibitor dose reduction (p = 0.001, r = 0.283). This cor-
relation persisted in the subgroup analysis: palbociclib
(p=0.029, r=0.298) and ribociclib (p =0.019,r=0.276).

Although the median PFS has not yet been
reached, considering that the median time to dose re-
duction was shorter than the median follow-up time,
a survival analysis was conducted to investigate the
potential effect of dose reduction of CDK4/6 inhibitors
due to hematological toxicity on PFS. After a median
follow-up of 12 months, no statistically significant dif-
ference in PFS was observed in patients on a reduced
dose of CDK4/6 inhibitors due to hematological toxic-
ity (p=0.179).

High-grade non-hematological toxicities were
significantly rarer than hematological ones. The de-
velopment of hepatic toxicity in the form of grade 3
or 4 transaminase elevation was recorded in 3.9% of
patients, while a reduction in creatinine clearance of
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znacajan rizik od razvoja kardiolo$ke toksi¢nosti u vidu
produzenja QTC intervala, kao i interreakcije sa antiari-
tmicima i lekovima koji uti¢u na QTC interval, a koji se
Cesto primenjuju u starijoj populaciji [4,6,11].

Shodno zvani¢nim preporukama Evropskog udru-
zenja medikalnih onkologa (ESMO), CDK4/6 inhibitori
najcescée se primenjuju kao prva linija le¢enja u me-
tastatskoj fazi bolesti [1]. Medutim, poseban entitet
u leCenju metastatskog karcinoma dojke predstavlja
visceralna kriza, koja je definisana kao postojanje oz-
biljnog napredujuceg ostecenja funkcije vitalnog or-
gana uslovljenog postojanjem maligne bolesti [12]. U
uslovima visceralne krize zvani¢ne preporuke savetu-
ju primenu hemioterapije kao terapije izbora u prvoj
liniji leCenja. Znacajan procenat pacijentkinja koje su
u nasoj studiji dobijale hemioterapiju pre CDK4/6 in-
hibitora, nije uslovljen prethodnim postojanjem vis-
ceralne krize kod istih, vec¢ ¢injenicom da je hemiote-
rapija ordinirana pre registracije CDK4/6 inhibitora u
Republici Srbiji.

Hematoloske toksi¢nosti prouzrokovane mije-
losupresijom, predstavljaju najc¢esée nezeljeno dej-
stvo palbocicliba i ribocicliba. Procenat pacijenata
koji razviju neutropeniju tokom primene ovih lekova
ne razlikuje se znacajno u klinickim studijama (74-
82%) i podacima iz realne klinicke prakse (68,4%-
89%) [11,13-15]. U ovom aspektu, nasa populacija
nije znacajno odstupala u odnosu na dosadasnja is-
pitivanja. Takode, nismo zabelezili znacajnu razliku u
ucestalosti neutropenija gr 3 ili 4 u nasem ispitivanju
u odnosu na prethodna istrazivanja [16]. lako do sada
nisu sprovodene randomizovane klini¢ke studije koje
bi direktno poredile palbociclib i ribociclib, literaturni
podaci ne ukazuju na postojanje razlike izmedu ova
dva leka iz ugla hematolosdkih toksi¢nosti, $to nase
ispitivanje i potvrduje [11,13]. Posebna paznja u stu-
dijama posvecena je i razvoju febrilne neutropenije
tokom primene CDK4/6 inhibitora. lako se neutro-
penije visokog gradusa javljaju kod velikog procen-
ta pacijenata, teske infekcije i febrilna neutropenija
su izuzetno retke, a u nekim istrazivanjima, kao i u
nasem, nisu ni primecene [11,13,17,18]. Kako je ne-
utropenija koja nastaje tokom primene CDK4/6 inhi-
bitora uslovljena inhibicijom diferencijacije hemato-
poetskih ¢elija, postavlja se pitanje o svrsishodnosti
primene GCSF-a tokom lec¢enja CDK4/6 inhibitorima.
lako je GCSF primenjivan tokom klinickih studija koje
su inicijalno ispitivale ove lekove, danas mnogi autori
smatraju da, s obzirom na brz oporavak neutropenije
nakon pauze u primeni ovih lekova, primena GCSF-a
nije opravdana [6,19]. Anemije i trombocitopenije vi-
sokog gradusa su retka nezeljena dejstva ovih lekova
i javljale su se kod oko 1% ispitanica u klini¢kim stu-

grade 3 or 4 was noted in 4.6% of patients. QTc interval
prolongation was observed in 2 (1.5%) patients receiv-
ing ribociclib. There was also one case of an allergic re-
action to palbociclib.

DISCUSSION

The use of palbociclib and ribociclib in HR+/HER2-
metastatic breast cancer has been approved based
on multiple clinical studies that have demonstrated
both clinically and statistically significant benefits in
progression-free survival (PFS) and overall survival
(OS) compared to endocrine therapy without CDK4/6
inhibitors [7-10]. However, patients in clinical trials
were carefully selected based on age, general condi-
tion, comorbidities, menopausal status, prior specific
oncological treatment, and many other factors, which
do not always reflect the characteristics of the general
population. In our study, patients treated with riboci-
clib were statistically significantly younger than those
treated with palbociclib. A potential explanation for
this difference could lie in the fact that during riboci-
clib treatment, there was a significant risk of develop-
ing cardiotoxicity, such as QTc interval prolongation,
as well as interactions with antiarrhythmic drugs and
other medications that affect the QTc interval, which
are often used in older populations [4,6,11].

According to the official recommendations of
the European Society for Medical Oncology (ESMO),
CDK4/6 inhibitors are most commonly used as first-line
treatment in the metastatic stage of the disease [1].
However, a distinct entity in the treatment of metastat-
ic breast cancer is the visceral crisis, which is defined
as the presence of severe progressive impairment of
vital organ function due to malignant disease [12]. In
cases of visceral crisis, official recommendations advise
chemotherapy as the first-line treatment of choice. A
significant percentage of patients in our study who re-
ceived chemotherapy before CDK4/6 inhibitors did so
not because of a prior visceral crisis but because che-
motherapy was administered before the registration of
CDK4/6 inhibitors in the Republic of Serbia.

Hematological toxicities caused by myelosuppres-
sion are the most common adverse effects of palbo-
ciclib and ribociclib. The percentage of patients who
develop neutropenia during the use of these drugs
does not differ significantly between clinical stud-
ies (74-82%) and real-world clinical data (68.4%-89%)
[11,13-15]. In this regard, our population did not sig-
nificantly differ from previous studies. Additionally, we
did not observe a significant difference in the frequen-
cy of grade 3 or 4 neutropenia in our study compared
to previous research [16]. Although randomized clini-
cal trials directly comparing palbociclib and ribociclib
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dijama [11,13]. Ovi rezultati su sli¢ni nasim, a vazno je
i naglasiti da je u nasem ispitivanju samo kod jedne
pacijentkinje postojala potreba za nadoknadom deri-
vata krvi tokom primene CDK4/6 inhibitora, kao i da
je po primeni istih doslo do brzog oporavka anemije i
trombocitopenije.

Literaturni podaci pokazuju da znacajan udeo
pacijenata na terapiji palbociclibom i ribociclibom
tokom le¢enja zahteva redukciju doze ovih lekova.
Najcesdi razlozi za redukciju doze su ponavljane ne-
utropenije gr 3 koje su zahtevale odlaganje terapije,
ili neutropenije gr 4. lako se neutropenije mogu ja-
viti u bilo kom trenutku tokom le¢enja CDK4/6 inhi-
bitorima, pokazano je da se redukcije doze najéesce
sprovode u prvih 6 meseci terapije [7-11,13-17]. Nasa
studija saglasna je sa pomenutim podacima kada
je u pitanju uclestalost redukcije doze ovih lekova, a
kako je medijana do redukcije doze u nasoj popula-
ciji bila 5 meseci, potvrden je i trend redukcije doze
ovih lekova u prvih 6 meseci terapije. Multipla ispiti-
vanja bavila su se istrazivanjem potencijalnog efekta
smanjenja doze CDK4/6 inhibitora na prezivljavanje.
Do sada nema podataka koji pokazuju da opravdano
smanjenje doze palbocicliba ili ribocicliba dovodi do
pogorsanja parametara prezivljavanja kod pacijenata
[7-10,20]. Nasi rezultati saglasni su sa dosadasnjim
opservacijama, jer iako medijana PFS-a u nasoj studiji
jo$ uvek nije dostignuta, pri analizi uticaja redukcije
doze na prezivljavanje nije uocena statisticki znacajna
razlika u prezivljavanju kod podgrupe pacijenata kod
kojih je doza CDK4/6 inhibitora bila redukovana (Log-
rank, p=0,179).

Palijativna radioterapija (RT) hematopoetskih ko-
stiju ispitivana je kao potencijalni faktor rizika za ra-
zvoj hematoloske toksi¢nosti u nasoj studiji. Antine-
oplasti¢ni efekat RT-a proistice iz citotoksi¢nog efekta
zasnovanog na direktnom i indirektnom osteéenju
tumorske DNK tokom G2-M faze Celijskog ciklusa [21].
Nasuprot tome, efekat CDK4/6 inhibitora je citostat-
ski i proistiCe iz zaustavljanja prelaska ¢elija iz G1 u S
fazu celijskog ciklusa. Oba mehanizma dejstva imaju
kao posledicu nezeljeno dejstvo u vidu razvoja neu-
tropenije. Radioterapija moze biti ordinirana sekven-
cijalno sa terapijom CDKA4/6 inhibitorima ili tokom
iste [21,22]. Vec¢ina dosadasnjih studija ukljucivala je
obe grupe pacijenata u istrazivanja, dok je nasa stu-
dija ispitivala samo primenu palijativne RT kostiju
pre otpocinjanja CDK4/6 inhibitora. U dosadasnjim
istrazivanjima, palijativna RT ko$tanih lezija nije po-
kazala statisticki znacajnu povezanost sa ucestaloScu
neutropenije, ili neutropenije visokog gradusa, sto
su nasi rezultati i potvrdili [21,22]. Medutim, u nasem
istrazivanju postojala je statisti¢ki znacajna poveza-

have not yet been conducted, literature data do not
indicate a difference between these two drugs regard-
ing hematological toxicities, which our study confirms
[11,13]. Studies have given special attention to the
development of febrile neutropenia during CDK4/6
inhibitor treatment. Although high-grade neutrope-
nia occurs in a large percentage of patients, severe
infections and febrile neutropenia are extremely rare,
and in some studies, as well as in ours, they were not
observed [11,13,17,18]. Since neutropenia caused by
CDK4/6 inhibitors is due to the inhibition of hemato-
poietic cell differentiation, the question arises about
the usefulness of granulocyte colony-stimulating
factor (GCSF) during CDK4/6 inhibitor treatment. Al-
though GCSF was used in clinical trials that initially
investigated these drugs, many authors today believe
that given the rapid recovery of neutropenia after
a pause in treatment, the use of GCSF is not justified
[6,19]. High-grade anemia and thrombocytopenia are
rare adverse effects of these drugs, occurring in about
1% of patients in clinical studies [11,13]. These results
are similar to ours, and it is also important to note that
in our study, only one patient required a blood deriv-
ative transfusion during CDK4/6 inhibitor treatment,
and after its administration, there was a rapid recovery
from anemia and thrombocytopenia.

Literature data show that many palbociclib and
ribociclib therapy patients require dose reductions
during treatment. The most common reasons for dose
reduction are recurrent grade 3 neutropenia that re-
quires treatment delays or grade 4 neutropenia. Al-
though neutropenia can occur at any time during
CDK4/6 inhibitor treatment, dose reductions most
often happen within the first 6 months of therapy [7-
11,13-171. Our study is consistent with these data re-
garding the frequency of dose reductions, and since
the median time to dose reduction in our population
was 5 months, the trend of dose reductions within the
first 6 months of therapy is confirmed. Multiple studies
have investigated the potential effect of dose reduc-
tion on survival during CDK4/6 inhibitor treatment.
Until now, no data show that justified dose reductions
of palbociclib or ribociclib lead to worsened patient
survival outcomes [7-10,20]. Our results align with
previous observations, as although the median PFS
in our study has not yet been reached, no statistically
significant difference in survival was observed in the
subgroup of patients who underwent CDK4/6 inhibitor
dose reduction (Log-rank, p =0.179).

Palliative radiotherapy (RT) to hematopoietic
bones was examined as a potential risk factor for the
development of hematological toxicity in our study.
The antineoplastic effect of RT stems from its cytotoxic
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nost palijativhe RT hematopoetskih kostiju i poveca-
ne ucestalosti redukcije doze CDK4/6 inhibitora usled
ponavljanih hematoloskih toksi¢nosti gradus 3 ili 4
(p =0.001, r = 0.283). Ovo ispitivanje je medu prvima
koje je iznelo dokaze o povezanosti RT-a i potrebe za
redukcijom doze CDK4/6 inhibitora [21]. Zbog razli-
c¢itosti metodologija sprovodenja RT-a, razli¢itog mo-
menta sprovodenja RT-a u odnosu na terapiju CDK4/6
inhibitorima, kao i malog broja pacijenata, poredenje
studija koje su se bavile uticajem RT-a na razvoj he-
matoloskih toksi¢nosti tokom primene palbocicliba
i ribocicliba nije moguée. Dodatna randomizovana
ispitivanja prospektivnog tipa, sa ve¢im brojem pa-
cijenata, uniformnijim pristupom RT metodama i du-
zim periodom pracenja, neophodna su kako bi se do-
neli definitivni zaklju¢ci o zajedni¢kom uticaju RT-a i
CDK4/6 inhibitora na razvoj hematoloske toksi¢nosti.

Ograni¢enja nase studije proizilaze iz njenog
retrospektivhog dizajna, ograni¢enog broja pacije-
nata i relativnog kraceg perioda pracenja. Takode,
nisu prikupljani podaci o ta¢noj dozi ordinirane RT.
Ipak, nasi rezultati uspesno oslikavaju realnu klinic-
ku praksu primene CDK4/6 inhibitora i samim tim
iznose bitne zakljucke o podno3enju i toksi¢nostima
ovih lekova.

ZAKLJUCAK

U ovoj studiji identifikovali smo postajanje statisticki
znacajne povezanosti izmedu palijativne RT koStanih
lezija i CeSce potrebe za redukcijom doze CDK4/6 inhi-
bitora. lako su potrebe za redukcijom doze CDK4/6 in-
hibitora zbog hematoloskih toksi¢nosti relativno Ceste,
nema dokaza da redukcija doze istih uti¢e na duzinu
prezivljavanja.

Sukob interesa: Nije prijavljen.

effect, based on direct and indirect damage to tumor
DNA during the G2-M phase of the cell cycle [21]. In
contrast, the effect of CDK4/6 inhibitors is cytostatic,
resulting from the inhibition of cell cycle transition
from the G1 to the S phase. Both mechanisms of ac-
tion have the undesired effect of causing neutropenia.
Radiotherapy can be administered sequentially with
CDK4/6 inhibitor therapy or during treatment [21,22].
Most previous studies included both groups of patients
in their research, whereas our study only examined the
use of palliative bone RT before initiating CDK4/6 inhib-
itors. In previous studies, palliative RT of bone lesions
did not show a statistically significant association with
the incidence of neutropenia or high-grade neutrope-
nia, which our results also confirmed [21,22]. However,
our study found a statistically significant association
between palliative RT of hematopoietic bones and
an increased incidence of CDK4/6 inhibitor dose re-
ductions due to recurrent grade 3 or 4 hematological
toxicities (p = 0.001, r = 0.283). This study is one of the
first to present evidence of an association between RT
and the need for CDK4/6 inhibitor dose reduction [21].
Due to differences in RT methodologies, the timing
of RT in relation to CDK4/6 inhibitor therapy, and the
small number of patients, comparisons between stud-
ies investigating the impact of RT on hematological
toxicities during palbociclib and ribociclib treatment
are not feasible. Additional prospective, randomized
studies with larger patient cohorts, more uniform RT
approaches, and longer follow-up periods are needed
to draw definitive conclusions about the combined
effects of RT and CDK4/6 inhibitors on hematological
toxicity.

Our study’s limitations arise from its retrospective
design, the limited number of patients, and the rela-
tively shorter follow-up period. Additionally, data on
the exact dose of RT administered were not collected.
Nevertheless, our results successfully reflect real-world
clinical practice in the use of CDK4/6 inhibitors and
thus provide important conclusions about the tolera-
bility and toxicities of these drugs.

CONCLUSION

This study identified a statistically significant associa-
tion between palliative RT of bone lesions and a more
frequent need for CDK4/6 inhibitor dose reduction. Al-
though the need to reduce the dose of CDK4/6 inhib-
itors due to hematological toxicities is relatively com-
mon, there is no evidence that dose reduction affects
the length of survival.

Conflict of interest: None declared.
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SAZETAK

Uvod: Prema rezultatima dosadasnjih istraZivanja, ustanovljeno je da se dis-
funkcija IGF (engl. insulin-like growth factor) sistema, koja je u osnovi insulinske
rezistencije sa hiperinsulinemijom, ponasa kao proliferatogeni tumorski faktor, a
svoj neoplasticni potencijal pokazuje i u multiplom mijelomu.

Cilj: Cilj studije je ispitivanje eventualne povezanosti insulinske rezistencije kod
novodijagnostikovanih bolesnika obolelih od multiplog mijeloma (NDMM) sa po-
stignutim terapijskim odgovorom nakon sprovedene indukcione hemioterapije.

Materijali i metode: Sprovedeno je prospektivno istraZivanje koje je obuhva-
tilo 35 pacijenata sa NDMM-om (60% Zena i 40% muskaraca), le¢enih na Klinici
za hematologiju Klinickog centra Vojvodine. Vrednosti glikemije i insulinemije
su odredivane naste i postprandijalno a potom su izracunavane vrednosti HO-
MA-IRIn (naste) i HOMA-IRIpp (postprandijalno). Vrednosti HOMA-IRI > 2,2 su bile
kriterijum za insulinsku rezistenciju. Analize su radene u dva navrata — pre inici-
jalne hemioterapije i posle zavrienog lecenja. Procena terapijskog odgovora je
sprovedena prema kriterijumima Srpske mijelomske grupe (SMG) i Medunarodne
radne grupe za mijelom (engl. International Myeloma Working Group — IMWG).
Statisticke analize su sprovedene u SPSS programu (Verzija 22).

Rezultati: Bolesnici su bili prosecne starosti od 63,85 godina. Ukupno 86%
bolesnika je povoljno odgovorilo na terapiju. Prosecna vrednost HOMA-IRIn pre
terapije je bila 1,82 + 0,79, a posle terapije 1,80 £ 0,72. Centralna vrednost me-
dijane HOMA-IRIpp pre terapije je bila 5,46 sa interkvartalnim rasponom od 1,07
—20,57,a posle terapije je bila 5,86 sa interkvartalnim rasponom od 1,22 — 28,22.
Uocena je znacajna negativna korelacija HOMA-IRIn nakon primenjene terapije i
postignutog terapijskog odgovora (p = 0,040).

Zakljucak: Aktivna konkomitantna terapija insulinske rezistencije kod NDMM-a
bi mogla da unapredi odgovor na primenjenu antimijelomsku terapiju.

Kljucne reci: hiperinsulinemija, multipli mijelom, terapijski odgovor
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ABSTRACT

Introduction: According to the results of previous research, it was found that
the dysfunction of the insulin-like growth factor (IGF) system, which is the basis
of insulin resistance with hyperinsulinemia, acts as a proliferative tumor factor,
and its neoplastic potential is also exhibited in multiple myeloma.

Study aim: The study aims to determine whether there is an association be-
tween insulin resistance in patients newly diagnosed with multiple myeloma
(NDMM) and the achieved therapeutic response after induction chemotherapy.

Materials and methods: The prospective study included 35 NDMM patients
(60% women and 40% men), treated at the Clinical Center of Vojvodina Clinic
for Hematology. Glycemia and insulinemia levels were determined after fast-
ing and postprandially, upon which the values of HOMA-IRIf (after fasting) and
HOMA-IRIpp (postprandially) were calculated. HOMA-IRI values > 2.2 were the
criteria for insulin resistance. The analyses were performed twice — before the
initial chemotherapy and after the completion of the treatment. The therapeutic
response was evaluated according to the criteria of the Serbian Myeloma Group
(SMG) and the International Myeloma Working Group IMWG). Statistical analyses
were performed in the SPSS program, Version 22.

Results: The average patient age was 63.85 years. In total, 86% of patients re-
sponded favorably to the therapy. The average value of HOMA-IRIf before treat-
ment was 1.82 + 0.79 and it was 1.80 =+ 0.72 after therapy. The central median
value of HOMA-IRIpp before treatment was 5.46, with an interquartile range
of 1.07 — 20.57, and after treatment, it was 5.86 with an interquartile range of
1.22 —28.22. A significant negative correlation between HOMA-IRIf after applied
treatment and achieved therapeutic response was observed, (p = 0.040).

Conclusion: Active concomitant therapy of insulin resistance in NDMM could
improve the response to applied antimyeloma treatment.

Keywords: hyperinsulinemia, multiple myeloma, therapeutic response
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uvoD

Multipli mijelom (MM) je maligna bolest iz grupe mo-
noklonskih gamapatija sa ishodistem u kostanoj srzi.
Odlikuje se nekontrolisanom proliferacijom tumorski
izmenjenih B-limfocita — plazmocita, koji produkuju pa-
toloski izmenjene imunoglobuline (M-protein). Usta-
novljeno je da MM ¢ini 1,8% svih malignih bolestii 10%
hematoloskih maligniteta. U Evropi, godisnje oboli 4,5
-6/100.000 stanovnika [1,2]. Smatra se bole$¢u starijeg
Zivotnog doba, uz vecu ucestalost u muskoj populaciji.
lako je postignut znacajan napredak u le¢enju MM-a u
proteklih 20 godina, ova bolest je i dalje neizleciva, te
nedovoljno predvidivog toka i ishoda [3,4]. U cilju de-
tekcije prognostickog i terapijskog potencijala novih
biohemijskih i molekularnih pokazatelja, neophodna
su dalja dopunska istrazivanja.

Insulinska rezistencija predstavlja otezano ili pot-
puno onemoguceno preuzimanje glukoze u periferna
tkiva kod obolelog u odnosu na zdravu populaciju, sto
dovodi do porasta serumskog nivoa insulina, uz reduk-
ciju ekspresije insulinskih receptora na perifernim tkivi-
ma te posledic¢ni razvoj promena na postreceptorskom
nivou [5]. Rezultati dosadasnjih istrazivanja pokazuju
da je uloga hiperinsulinemije i porasta bioraspolozivo-
sti insulinskog faktora rasta 1 (engl. insulin-like growth
factor | - IGF-T) u razvoju malignog procesa neosporna
[6]. Potencijalni mehanizmi takvog epiloga su:

— moguca ostecenja DNK uz razvoj stec¢enih mutacija
zbog povecane produkcije slobodnih kiseoni¢nih
radikala

— promene na postreceptorskom nivou sa hipersti-
mulacijom brojnih ¢elijskih signalnih puteva i uticaj
na celijski metabolizam posredovan dejstvom in-
sulinskih faktora rasta, sto direktno stimulise i ¢elij-
sku proliferaciju [5].

Povisen serumski nivo insulina u jetri pojacava pro-
izvodnju IGF1, a smanjuje sintezu proteina koji vezuju
insulinske faktore rasta (engl. insulin-like growth factor
binding proteins 1 and 2 - IGFBP1 and IGFBP2). Stimu-
lativni efekat na rast tumora insulin moze da ostvari
direktnim dejstvom ili posredstvom uticaja IGF-1, sa
posledi¢nim promitogenim i antiapoptoti¢nim dej-
stvom, kao sto je prikazano na Slici 1 [6]. Tom prilikom,
insulin prvo reaguje sa insulinskim receptorom (INSR),
koji predstavlja integralni membranski protein i ima
presudnu ulogu u formiranju bioloskog odgovora ¢eli-
je na stimulaciju insulinom. Hiperekspresija INSR-a, do-
vodi do promene i bioloskog odgovora ¢elije na insulin
sa uticajem na proliferaciju, sazrevanje i apoptozu. Ove
promene mogu znacajno doprineti neoplasti¢noj tran-
sformaciji ¢elije [6]. Osim direktnog vezivanja insulina,
za INSR se mogu vezati i IGF-1 i IGF-2, sa sli¢nim ucin-
kom.

INTRODUCTION

Multiple myeloma (MM) is a malignant disease belong-
ing to the group of monoclonal gammopathies orig-
inating in the bone marrow. It is characterized by the
uncontrolled proliferation of tumorous B-lymphocytes
- plasma cells, which produce pathologically altered
immunoglobulins (M-protein). It was found that MM
accounts for 1.8% of all malignant diseases and 10% of
hematological malignancies. In Europe, 4.5 - 6/100,000
people are diagnosed annually [1,2]. Multiple myelo-
ma is considered a disease of older age, with a higher
frequency in the male population. Although significant
progress has been made in the treatment of MM in the
past 20 years, this disease is still incurable, and the
course and outcome are insufficiently predictable [3,4].
In order to detect the prognostic and therapeutic po-
tential of new biochemical and molecular indicators,
further supplementary research is necessary.
Insulin resistance is impaired or completely inca-
pacitated uptake of glucose into the peripheral tissues
in patients affected by this condition, as compared to
the healthy population, which leads to an increase in
the serum level of insulin, with a reduction in the ex-
pression of insulin receptors in the peripheral tissues
and the consequent development of changes at the
post-receptor level [5]. The results of previous research
show that the role of hyperinsulinemia and increased
bioavailability of insulin-like growth factor 1 (IGF-1) in
the development of the malignant process is undeni-
able [6]. Potential mechanisms of this are the following:
— possible DNA damage with the development of ac-
quired mutations due to increased production of
free oxygen radicals

— changes at the post-receptor level with hyperstim-
ulation of numerous cell signaling pathways and
the influence on cell metabolism mediated by the
effect of insulin growth factors, which directly stim-

ulates cell proliferation [5].

An elevated serum level of insulin in the liver in-
creases the production of IGF1 and reduces the syn-
thesis of insulin-like growth factor binding proteins 1
and 2 -1GFBP1 and IGFBP2. Insulin can stimulate tumor
growth directly or through the influence of IGF-1, with
a consequent promitogenic and antiapoptotic effect,
as shown in Figure 1 [6]. In this case, insulin first reacts
with the insulin receptor (INSR), which is an integral
membrane protein and plays a crucial role in the for-
mation of the cell’s biological response to insulin stim-
ulation. Hyperexpression of INSR leads to a change in
the biological response of the cell to insulin with an im-
pact on proliferation, maturation, and apoptosis. These
changes can significantly contribute to the neoplastic
transformation of the cell [6]. In addition to direct insu-
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Slika 1. Prikaz efekta stimulacije INSR-a i pokretanja kaskade signalnih puteva
koji su u osnovi bioloskog odgovora celije na insulin (preuzeto uz dopustenje
izdavaca) [6]
https://www.ncbi.nIm.nih.gov/pmc/articles/instance/3372318/bin/EDR2012-
789174.003.jpg

| pored brojnih istrazivanja koja su do sada spro-
vedena, posredovanje insulinske rezistencije u karci-
nogenezi nije rasvetljeno na nacin koji bi omogucio i
trasirao nove dijagnostic¢ke i terapijske modalitete sa
ciljem prevencije maligniteta, ili u slucaju ve¢ prisutne
maligne bolesti, sa ciljem poboljsanja toka, odgovora
na terapiju i ishoda le¢enja [7].

|

Cilj istrazivanja je bio da se utvrdi da li postoji poveza-
nost insulinske rezistencije kod novodijagnostikovanih
bolesnika obolelih od multiplog mijeloma (NDMM) sa
postignutim terapijskim odgovorom nakon sprovede-
ne indukcione hemioterapije.

MATERIJALI | METODE

IstraZivanje je sprovedeno u periodu od 2017. do 2021.
godine na Klinici za hematologiju Univerzitetskog kli-
ni¢ckog centra Vojvodine, a nakon dobijene saglasnosti
Etickog odbora. Obuhvatilo je 35 novodijagnostikova-
nih bolesnika sa multiplim mijelomom, starosti 18 -85
godina, koji do trenutka ukljucivanja u ovo prospek-
tivno istrazivanje nisu primili nikakvu antimijelomsku
terapiju. Takode, ispitanici nisu koristili ni lekove sa
uticajem na insulinsku senzitivnost, produkciju i luce-
nje insulina (oralni hipoglikemici na bazi metformina,
derivati sulfonilureje, tiazolindioni, SGLT-2 inhibitori,

Inhibition of apoptosis

Picture 1. Presentation of the effect of INSR stimulation and the initiation of the
cascade of signaling pathways underlying the biological response of the cell to
insulin (reproduced with permission of the publisher) [6]
https://www.ncbi.nIm.nih.gov/pmc/articles/instance/3372318/bin/EDR2012-
789174.003.jpg

lin binding, IGF-1 and IGF-2 can also bind to INSR, with
a similar effect.

Notwithstanding the numerous studies carried out
so far, the mediation of insulin resistance in carcinogen-
esis has not been elucidated in a way that would allow
for and establish new diagnostic and therapeutic mo-
dalities to prevent malignancy, or in the case of already
existing malignant disease, to improve the course, re-
sponse to therapy and treatment outcomes [7].

STUDY AIM

The study aimed to determine whether there is a con-
nection between insulin resistance in patients newly
diagnosed with multiple myeloma (NDMM) and the
achieved therapeutic response after induction chemo-
therapy.

MATERIALS AND METHODS

The research was conducted between 2017 and 2021
at the Clinic for Hematology of the University Clinical
Center of Vojvodina, after obtaining the consent of the
Ethics Committee. It included 35 patients newly diag-
nosed with multiple myeloma, aged 18 — 85 years, who
had not received any anti-myeloma therapy until the
time of inclusion into this prospective study. Also, the
subjects did not use drugs with an impact on insulin
sensitivity, insulin production, and insulin secretion
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GLP1-R agonisti, insulinska terapija), kao ni hipolipide-
mike sa uticajem na insulinsku senzitivnost (statini, fi-
brati). Dokazana druga maligna bolest je bila kriterijum
za iskljucivanje iz studije.

U uvodnoj fazi istrazivanja, nakon obavljenog
razgovora, ispitanici su fizicki pregledani a potom su
uradene i biohemijske, dopunske hematoloske i radio-
loSke analize predvidene protokolom Srpske mijelom-
ske grupe (SMQG) za inicijalno odredivanja stadijuma
NDMM-a [4].

Dopunske hematoloske i biohemijske analize su
obuhvatale odredivanje kompletne krvne slike (KKS),
parametara bubrezne funkcije (urea, kreatinin, klirens
kreatinina u 24-h urinu) i aktivnosti osnovne bolesti
(serumska koncentracija laktat dehidrogenaze (LDH),
beta-2-mikroglobulin (f2M), elektroforeza serumskih
proteina (EFSP), serumska koncentracija imunoglobu-
lina IgA, IgM i IgG, serumska koncentracija slobodnih
lakih lanaca (SLL) k i A, imunofiksacija proteina u seru-
mu i 24-h urinu), kao i standardnih inflamatornih para-
metara (brzina sedimantacije eritrocita (SE), C-reaktivni
protein (CRP)).

U cilju procene insulinske rezistencije, merene su
vrednosti glikemije i insulinemije naste i postprandijal-
no (2 h posle obroka), koje su dalje izraCunavane prema
datoj formuli: glikemija naste (mmol/l) x insulinemija
naste (mlU/l) / 22,5, kako bi se odredila vrednost HO-
MA-IRI (engl. homeostatic model assessment-insulin
resistance index) [8]. Vrednosti HOMA-IRI > 2,2 su bile
kriterijum za dijagnozu insulinske rezistencije [9]. Odre-
divane su vrednosti HOMA-IRIn (naste) i HOMA-IRIpp
(postprandijalno, provocirano, gde su kalkulisane vred-
nosti glikemije i insulinemije 2 h nakon obroka).

Sve analize su radene u dva vremena: pre zapoci-
njanja terapije i nakon zavrdenog le€enja bolesnika.
Terapijski odgovor je procenjivan prema vazeéim krite-
rijumima SMG i Medunarodne radne grupe za mijelom
(engl. International Myeloma Working Group - IMWG),
kao sto je prikazano u Tabeli 1, i kvalifikovan kao: ¢vr-
sta kompletna remisija (engl. stringent complete re-
mission - sCR), kompletna remisija (engl. complete
remission — CR), veoma dobar parcijalni odgovor (engl.
very good partial response - VGPR), parcijalna remisija
(engl. partial remission — PR), stabilna bolest (engl. sta-
ble disease - SDi), progresija bolesti (engl. progressive
disease - PD) [10].

Za svakog pacijenta su iz baze podataka prikuplje-
ni longitudinalni podaci iz dve vremenske tacke: pre
ulaska u proces hemioterapije i posle le¢enja indukcio-
nom hemioterapijom, nakon Sest do sedam terapijskih
ciklusa.

Same statisticke analize su sprovedene u SPSS (Ver-
zZija 22) statistickom paketu, a graficki prikazi su tran-

(oral hypoglycemics based on metformin, sulfony-
lurea derivatives, thiazolidinediones, SGLT-2 inhibitors,
GLP1-R agonists, insulin therapy), nor hypolipidemic
drugs with an impact on insulin sensitivity (statins, fi-
brates). Another proven malignancy in a patient was
an exclusion criterion.

In the initial phase of the study, after the doctor-pa-
tient interview, the subjects were physically examined,
upon which biochemical, additional hematological,
and radiological analyses were performed, as specified
by the protocol of the Serbian Myeloma Group (SMG)
for initially determining the stage of NDMM [4].

Additional hematological and biochemical analy-
ses included the complete blood count (CBC), kidney
function tests (urea, creatinine, creatinine clearance in
24-h urine collection), tests related to the activity of the
underlying disease (serum level of lactate dehydroge-
nase (LDH), serum level of beta-2-microglobulin (32M),
serum protein electrophoresis (SPEP), serum levels of
immunoglobulins IgA, IgM, and IgG, serum levels of
free light chains (FLC) k and A, serum immunofixation
test, and 24-h urine collection), as well as standard in-
flammatory markers (erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP)).

To assess insulin resistance, fasting and postpran-
dial glycemia and insulinemia values were measured,
which were further calculated according to the given
formula: fasting glycemia (mmol/l) x fasting insulin-
emia (mlIU/1) / 22.5, to calculate the value of the ho-
meostatic model assessment-insulin resistance index
(HOMA-IRI) [8]. HOMA-IRI values > 2.2 were the crite-
rion for diagnosing insulin resistance [9]. The values of
HOMA-IRIf (fasting HOMA-IRI) and HOMA-IRIpp (post-
prandial, provoked, where the values of glycemia and
insulinemia were calculated 2 h after the meal) were
calculated.

All tests were performed at two points in time: be-
fore starting the therapy and after the patient’s treat-
ment was completed. The therapeutic response was
evaluated according to the valid SMG and Internation-
al Myeloma Working Group (IMWG) criteria, as shown
in Table 1, and qualified as follows: stringent complete
remission (sCR), complete remission (CR), very good
partial response (VGPR), partial remission (PR), stable
disease (SDi), disease progression (PD) [10].

For each patient, longitudinal data were collected
from the database for two points in time: before en-
tering the chemotherapy process and after treatment
with induction chemotherapy, after six to seven treat-
ment cycles.

The statistical analyses were carried out in the
SPSS (Version 22) statistical package, and the graph-
ical representations were transposed into the Excel
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Tabela 1. Klasifikacija odgovora na primenjenu terapiju, MM

Table 1. Classification of response to administered therapy, MM

v" 0dsustvo monoklonskih plazma celija u kostanoj srzi / Absence of monoclonal plasma cells in the bone marrow

SR collection

Normalan SLLk/SLLN / Normal serum FLCk/FLCA

v" Odsustvo M komponente u imunofiksaciji proteina u serumu i 24-h urinu / Absence of the M component in serum immunofixation and in 24-h urine

v" < 5% monoklonskih plazma celija u kostanojsrzi / < 5% of monoclonal plasma cells in the bone marrow

v" Odsustvo M komponente uimunofiksaciji proteina u serumu i 24-h urinu / Absence of the M component in serum immunofixation and in 24-h urine

R collection

Normalan SLLk/SLLN / Normal serum FLCk/FLCA

v" munofiksacijom detektabilan M protein u serumu i 24-h urinu / Serum and urine M-protein detectable by immunofixation and in 24-h urine col-

lection
VGPR

v" Redukcija M proteina u EFSP za > 90% / > 90% reduction in serum M-protein in EPSP

M protein < 100 mg u 24-h urinu / M protein < 100 mg in 24-h urine collection

v" M protein u serumu snizen za > 50% / > 50% reduction of serum M-protein

V" M protein u 24-h urinu snizen za > 90%, ili proteinurija u 24-h urinu < 200 mg / M protein in 24-h urine collection reduced by > 90%, or proteinuria

in 24-h urine collection < 200 mg

v Ukoliko je M protein u serumu i urinu nemerljiv, potrebno je da je SLLk/A smanjen za > 50% / If the serum and urine M-protein are unmeasurable, it

PR is required that serum FLCk/A is reduced by > 50%

v" Redukdija infiltracije koStane srZi za > 50%, ako je M protein u serumu i urinu nemerljiviako su laki lanci nemerljivi / Reduction of bone marrow
infiltration by > 50%, if the serum and urine M-protein are unmeasurable and if light chains are unmeasurable

v" Redukcija mekotkivnih infiltrata za > 50% / Reduction of soft tissue infiltrates by > 50%

SDi Bez kriterijuma za CR, VGPR, PR, PD / Not meeting criteria for CR, VGPR, PR, or PD

v" Porast M proteina u serumu (apsolutni porast > 0,5 g/dl) i/ili / Increase of serum M-protein (absolute increase = 0,5 g/dl) and/or

PD

v Porast M proteina u urinu (apsolutni porast > 200 mg/24 h) / Increase of urine M-protein (absolute increase > 200 mg/24 h)

Legenda: sCR — ¢vrsta kompletna remisija (engl. stringent complete remission), (R —kom-
pletna remisija (engl. complete remission), VGPR — veoma dobar parcijalni odgovor (engl.
very good partial response), PR — parcijalna remisija (engl. partial remission), SDi — stabilna
bolest (engl. stable disease), PD — progresija bolesti (engl. progressive disease)
sponovani u Excel format, radi bolje preglednosti. U
cilju prikaza deskriptivnih pokazatelja i frekvencijske
raspodele, koris¢ena je deskriptivna statistika, odno-
sno standardni deskriptivni statisticki pokazatelji: ari-
tmeticka sredina, standardna devijacija, koeficijent
zakosenosti distribucije (engl. skewness) i koeficijent
spljostenosti distribucije (engl. curtosis), a za varijable
koje se ne distribuiraju po normalnoj raspodeli prika-
zani su medijana i raspon, kao deskriptivni parametri.
T-test za zavisne uzorke i Vilkoksonov test predznaka
su koriS¢eni u cilju ukazivanja na promene parametara
pre i posle indukcione hemioterapije, u zavisnosti od
toga da li su analizirane normalno distribuirane varija-
ble ili varijable koje ne prate normalnu raspodelu po-
dataka. Medusobne relacije varijabli ispitane su putem
Spirmanovog koeficijenta korelacije, s obzirom na to
da postignut terapijski odgovor u ovom istrazivanju
predstavlja varijablu ordinalnog nivoa merenja. Sta-
tisticke hipoteze su testirane na nivou statisticke zna-
¢ajnosti (alfa nivo) od 0,05.

Legend: sCR — stringent complete remission, (R — complete remission, VGPR — very good
partial response, PR — partial remission, SDi — stable disease, PD — progressive disease

format for better visibility. In order to display descrip-
tive indicators and frequency distribution, descriptive
statistics were used, i.e. standard descriptive statistical
indicators: arithmetic mean, standard deviation, skew-
ness, and kurtosis, and for variables not distributed ac-
cording to the normal distribution, median and range
were presented as descriptive parameters. The t-test
for dependent samples and the Wilcoxon signed-rank
test were used to indicate changes in parameters be-
fore and after induction chemotherapy, depending on
whether normally distributed variables or non-normal-
ly distributed variables were analyzed. Interrelation-
ships of the variables were examined using the Spear-
man correlation coefficient, given that the achieved
therapeutic response in this study was an ordinal vari-
able. Statistical hypotheses were tested at a statistical
significance level (alpha level) of 0.05.

RESULTS

The sex ratio of newly diagnosed patients with mul-
tiple myeloma was as follows: 60% women and 40%
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REZULTATI

Kada je u pitanju polna struktura novodijagnostikova-
nih bolesnika obolelih od multiplog mijeloma, bilo je

Muski pol /
Male
40%

Zenski pol /
Female
60%

Grafikon 1. Polna struktura ispitanika u MM grupi

Graph 1. Male to female ratio in the MM group

60% Zena i 40% muskaraca (Grafikon 1), ali ova razlika
nije bila statisticki znacajna (p = 0,320). Ispitanici su bili
prosecne starosti od 63,85 godina. Detektovane su sta-
tisticki znacajne razlike u strukturi ispitanika u odno-
su na starosne grupe (p < 0,001). Svega 3% ispitanika
je bilo starosti 19 - 41 godina, a 51% ispitanika je bilo
uzrasta 45 - 65 godina (podaci prikazani u Grafikonu
2). lako je ¢ak 60% NDMM ispitanika bilo u Il klini¢-
kom stadijumu, heterogenost ispitanika u odnosu na
ovu ispitivanu varijablu nije bila statisticki znacajna
(p=0,200).

Nakon sprovedene indukcione hemioterapije je,
prema Grafikonu 3, ¢ak 86% ispitanika ostvarilo je od-
govor na terapiju: 6% CR, 40% PR i 40% VGPR. Prosec-
na vrednost HOMA-IRIn je pre terapije bila 1,82 + 0,79
a posle terapije 1,80 = 0,72. Prose¢na vrednost HO-
MA-IRIpp je i pre i posle primenjene terapije ispunjava-
la kriterijume za insulinsku rezistenciju (HOMA-IRIpp =
2,2). Centralna vrednost medijane HOMA-IRIpp je pre
terapije bila 5,46 sa interkvartalnim rasponom 1,07 -
20,57, a posle terapije je bila 5,86 sa interkvartalnim
rasponom 1,22 — 28,22. Nakon sprovedenog lecenja,
nije detektovano statisticki zna¢ajno smanjenje vred-
nosti, HOMA-IRIn (p = 0,792) i HOMA-IRIpp (p = 0,864).
Podaci su prikazani u Tabeli 2.

men (Chart 1), however, this difference was not statis-
tically significant (p = 0.320). The average age of the
respondents was 63.85 years. Statistically significant
differences were detected in the structure of respon-

60%
50%
40%
30%
20%
10%

0% |

19-44 godina / years ~ 44-65godina / years 65+ godina / years

Grafikon 2. Distribucija ispitanika po starosnim intervalima u MM grupi

Graph 2. Respondent distribution by age intervals in the MM group

dents in relation to age groups (p < 0.001). Only 3% of
respondents were aged 19 - 41 years, and 51% of re-
spondents were aged 45 - 65 years (data presented in
Graph 2). Although as many as 60% of NDMM subjects
were in clinical stage lll, the heterogeneity of the sub-
jects regarding this variable was not statistically signif-
icant (p = 0.200).

After induction chemotherapy, according to Graph
3, as many as 86% of subjects achieved a response to
treatment: 6% CR, 40% PR, and 40% VGPR. The aver-
age value of HOMA-IRIf before treatment was 1.82 +
0.79 and after treatment, it was 1.80 = 0.72. The aver-
age value of HOMA-IRIpp both before and after the
applied therapy met the criteria for insulin resistance

45%
40%
35%
30%
25%
20%
15%
10%
5% .
0%
VGPR 40% SD 14% PR 40% CR 6%

Grafikon 3. Prikaz postignutih odgovora na primenjenu terapiju u MM grupi
ispitanika

Graph 3. Presentation of achieved therapeutic response in the MM respondent
group
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Tabela 2. Deskriptivni prikaz HOMA-IRIn i HOMA-IRIpp kod ispitivanih NDMM
bolesnika

Table 2. Descriptive presentation of HOMA-IRIf and HOMA-IRIpp in the
analyzed NDMM patients

HOMA-IRIn / HOMA-IRIf 1.82£0.79 0.70

HOMA-IRIpp / HOMA-IRIpp 5.46 1.07

0.35 1.80+0.72 0.61 -0.2

20.57 5.86 1.22

0.792

28.22 0.864

Legenda: M — aritmeticka sredina (engl. mean), SD — standardna devijacija, Sk — koefi-
cijent zakosenosti distribucije (engl. skewness), Ku — koeficijent spljostenosti distribucije
(engl. kurtosis), Mdn — medijana, Min — minimalna vrednost, Maks — maksimalna vred-
nost, p — nivo znacajnosti

Daljim analizama je potvrdena negativna korelacija
ostvarenog terapijskog odgovora i vrednosti insulinske
rezistencije naste, izmerene nakon sprovedenog lece-
nja. Naime, viSe vrednosti HOMA-IRIn izmerene posle
sprovedenog lecenja impliciraju i losiji terapijski odgo-
vor (p =0,040), kao 5to je i prikazano u Grafikonu 4.

Legend: M — mean, SD — standard deviation, Sk — skewness, Ku — kurtosis, Mdn — median,
Min — minimum, Max — maximum, p — level of significance

(HOMA-IRIpp = 2.2). The central median value of HO-
MA-IRIpp before treatment was 5.46 with an interquar-
tile range of 1.07 - 20.57, and after treatment, it was
5.86 with an interquartile range of 1.22 - 28.22. After
the treatment, no statistically significant decrease in
HOMA-IRIf (p = 0.792) and HOMA-IRIpp (p = 0.864) val-
ues was detected. The data are presented in Table 2.

Korelacija izmedu HOMA-IRIn i terapijskog odgovora /
Correlation between HOMA-IRIf and therapeutic response
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HOMA-IRIf / HOMA-IRIn

Grafikon 4. Prikaz negativne Spirmanove korelacije HOMA-IRIn i postignutog
terapijskog odgovora kod NDMM

Graph 4. Presentation of the negative Spearman correlation of HOMA-IRIf and
achieved therapeutic response in NDMM
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DISKUSIJA

Istrazivanje insulinske rezistencije kod nedijabetesne
populacije NDMM bolesnika je sprovedeno sa planom
evaluacije njenog eventualnog prognosti¢ckog znaca-
ja, kao i moguceg uticaja na tok i ishod lecenja. lako je
verifikovana inicijalno ocuvana insulinska senzitivnost
kod nasih NDMM bolesnika, izracunate prose¢ne vred-
nosti HOMA-IRIpp, pre i nakon sprovedenog lecenja,
bile su u kategoriji provocirane insulinske rezistencije.
Takode, detektovana je negativna korelacija insulinske
rezistencije nakon primenjene terapije i postignutog
terapijskog odgovora. Losiji odgovor na terapiju su
imali bolesnici sa vi§im izracunatim vrednostima HO-
MA-IRIn nakon sprovedenog lec¢enja. NDMM bolesni-
ci sa ostvarenim boljim odgovorom na primenjenu
terapiju su imali nizi HOMA-IRIn. Moze se reci da nize
HOMA-IRI vrednosti kod NDMM bolesnika ukazuju na
vecu verovatnocu remisije, kao i manju moguénost izo-
stanka odgovora na terapiju ili progresije pod terapi-
jom. Ovakvi rezultati bi svakako i mogli biti ocekivani,
imajuci u vidu do sada ve¢ detektovanu metabolicku
vulnerabilnost multiplog mijeloma, ¢iji je glavni akter
takozvani IGF (engl. insulin-like growth factor) sistem
[11,12]. Ovaj sistem se sastoji iz sledeceg: dva faktora
rasta — IGF1i/GF2, dva receptora — IGF1 receptor (IGF1R)
i IGF2 receptor (IGF2R), IGFBP, IGFBP proteaze [11]. Vaz-
no je napomenuti da su IGF1 i IGF2 peptidi koji se struk-
turno u velikoj meri preklapaju sa gradom proinsulina,
a dosadasnjim istrazivanjima je dokazan i njihov uticaj
na zivotni vek i proliferativni indeks plazmocita, angi-
ogenezu i aktivnost osteoklasta [13,14,15]. Visok ste-
pen preklapanja je detektovan i u strukturi insulina i
IGF, tako da IGF sistem moze biti i direktno ukljuc¢en u
regulaciju homeostaze glukoze, vezivanjem za insulin-
ske receptore [11,16]. Disfunkcija IGF sistema pogodu-
je razvoju insulinske rezistencije i porastu serumskog
nivoa insulina dovode¢i do ,prezasi¢enosti” insulin-
skih receptora IGF1 i IGF2 uz konsekventne promene
i na postreceptorskom nivou, stimulisudi proliferaciju
plazmocita i progresiju bolesti [13,17]. Samim tim se
namece zakljucak da bi insulinski receptori mogli biti
pogodne bioloske mete za razvoj novih modaliteta u
lecenju MM-a [18,19]. Drugi zaklju¢ak bi bio da se pri-
mena humanog insulina u dijabetesnoj mijelomskoj
populaciji moze razmatrati kao potencijalni faktor koji
doprinosi progresiji MM [19,20].

Imajudi u vidu i mehanizam kojim svoje dejstvo
ostvaruje peroralni antidijabetesni lek, metformin, mo-
dulacijom INSR/IGF1R signalnog puta, moze se razma-
trati i antitumorski efekat ovog leka, koji je osvedocen
rezultatima brojnih dosadasnjih istrazivanja [14,15].
Boursi i saradnici su u svom prospektivnom istraziva-
nju pokazali da primena metformina kod dijabeticara

Further analyses confirmed the negative correla-
tion between the achieved therapeutic response and
fasting insulin resistance values, measured after the
treatment. Namely, higher values of HOMA-IRIf mea-
sured after treatment imply a poorer therapeutic re-
sponse (p = 0.040), as shown in Graph 4.

DISCUSSION

The analysis of insulin resistance in the non-diabetic
population of NDMM patients was conducted to eval-
uate its possible prognostic significance, as well as its
possible influence on the course and outcome of treat-
ment. Although initially preserved insulin sensitivity was
verified in our NDMM patients, the calculated average
values of HOMA-IRIpp, before and after the treatment,
were in the category of provoked insulin resistance.
Also, a negative correlation of insulin resistance after
applied therapy and achieved therapeutic response
was detected. Patients with higher calculated HO-
MA-IRIf values after treatment had a poorer response to
therapy. NDMM patients with a better response to the
applied therapy had a lower HOMA-IRIf. It can be said
that lower HOMA-IRI values in NDMM patients indicate
a higher probability of remission, as well as a lower pos-
sibility of no response to therapy or progression under
therapy. Such results could certainly be expected, bear-
ing in mind the already detected metabolic vulnerabil-
ity of multiple myeloma, whose main agent is the IGF
(insulin-like growth factor) system [11,12]. This system
consists of the following: two growth factors - IGF1 and
IGF2, two receptors - IGF1 receptor (IGF1R) and IGF2 re-
ceptor (IGF2R), and IGFBP protease [11]. It is important
to note that IGF1 and IGF2 are peptides that structurally
overlap, to a great extent, with the structure of proin-
sulin, and previous research has proven their influence
on the lifespan and proliferative index of plasma cells,
angiogenesis, and osteoclast activity [13,14,15]. A high
degree of overlap was detected in the structure of in-
sulin and IGF, therefore, the IGF system may be directly
involved in glucose homeostasis regulation, by binding
to insulin receptors [11,16]. Dysfunction of the IGF sys-
tem favors the development of insulin resistance and
an increase in serum insulin levels, leading to the “over-
saturation” of insulin receptors with IGF1 and IGF2, con-
sequently bringing about changes at the post-receptor
level, stimulating the proliferation of plasma cells and
disease progression [13,17]. This leads to the conclu-
sion that insulin receptors could be suitable biological
targets for developing new modalities in the treatment
of MM [18,19]. Another conclusion would be that the
administration of human insulin in the diabetic myelo-
ma population can be considered as a potential factor
contributing to the progression of MM [19,20].
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obolelih od monoklonske gamapatije neodredenog
znacaja (engl. monoclonal gagmmopathy of undetermi-
ned significance - MGUS), znacajno redukuje rizik od
progresije bolesti u multipli mijelom [21]. Antitumorski
ucinak metformina u populaciji obolelih od monoklon-
ske gamapatije su u svom istrazivanju potvrdili i Papa-
hristu i saradnici, sa idejom o prosirenju istrazivanja i
na nedijabetesnu populaciju [22]. Efikasnost primene
metformina u nedijabetesnoj populaciji obolelih od
MGUS-a, sa procenom smanjenja rizika od progresije
bolesti u aktivhu formu MM, trenutno je predmet istra-
zivanja klinicke studije NCT04850846, ciji rezultati tek
treba da budu objavljeni [23].

ZAKLJUCAK

S obzirom da istrazivanja sprovedena u proteklih de-
setak godina svedoce o izrazenoj metabolickoj osetlji-
vosti multiplog mijeloma, ne iznenaduje ni nepovoljan
uc¢inak insulinske rezistencije na ostvareni terapijski
odgovor. U skladu sa tim bi i aktivan konkomitantni te-
rapijski pristup u zbrinjavanju insulinske rezistencije i
pratece hiperinsulinemije - inicijalne i/ili provocirane,
u nedijabetesnoj populaciji NDMM bolesnika, bio ne-
zanemarljiv doprinos u ostvarivanju povoljnijeg odgo-
vora na standardnu antimijelomsku terapiju.

SKRACENICE

2M — beta-2-mikroglobulin

(R — kompletna remisija (engl. complete remission)

(RP — C-reaktivni protein

EFSP — elektroforeza serumskih proteina

GLP1-R — glukagonu sli¢ni peptid-1receptor (engl. glucagon-like peptide-1
receptor)

HOMA-IRI — engl. homeostatic model assessment-insulin resistance index

HOMA-IRIn — homeostatic model assessment-insulin resistance index, naste

HOMA-IRIpp — homeostatic model assessment-insulin resistance index, po-
stprandijalno

IMWG — Medunarodna radna grupa za mijelom (engl. International Mye-
loma Working Group)

INSR — insulinski receptor

Ku - koeficijent spljostenosti distribucije (engl. kurtosis)

LDH — laktat dehidrogenaza

M — aritmeticka sredina (engl. mean)

Maks — maksimalna vrednost

Mdn — medijana

MM — multipli mijelom

MGUS — monoklonska gampatija neodredenog znacaja (engl. monoclonal
gammopathy of undetermined significance)

Min — minimalna vrednost

NDMM — novodijagnostikovani multipli mijelom

PR — parcijalna remisija (engl. partial remission)

PD — progresija bolesti (engl. progressive disease)

SD — standardna devijacija

Bearing in mind the mechanism whereby the oral
antidiabetic drug metformin achieves its effect by
modulating the INSR/IGF1R signaling pathway, the
antitumor effect of this drug, proven by the results of
numerous previous studies, should also be considered
[14,15]. In their prospective study, Boursi et al. demon-
strated that the application of metformin in diabetic
patients with monoclonal gammopathy of undeter-
mined significance (MGUS) significantly reduces the
risk of disease progression to multiple myeloma [21].
The antitumor effect of metformin in the population of
patients with monoclonal gammopathy was confirmed
in their research by Papachristou et al., with the idea of
extending the research to the non-diabetic population
as well [22]. The effectiveness of metformin administra-
tion in the non-diabetic population of MGUS patients,
with an assessment of the reduction in the risk of dis-
ease progression to active MM, is currently the subject
of research in the clinical study NCT04850846, whose
results have yet to be published [23].

CONCLUSION

Given that research conducted in the past ten years
testifies to the pronounced metabolic sensitivity of
multiple myeloma, the adverse effect of insulin resis-
tance on the achieved therapeutic response is not sur-
prising. Accordingly, an active concomitant therapeu-
tic approach in treating insulin resistance and accom-
panying hyperinsulinemia - initial and/or provoked, in
the non-diabetic population of NDMM patients, would
be a significant contribution to achieving a more favor-
able response to standard antimyeloma therapy.

ABBREVIATIONS AND ACRONYMS

B2M — beta-2-microglobulin

(R — complete remission

(RP — C-reactive protein

EPSP — serum protein electrophoresis

GLP1-R — glucagon-like peptide-1 receptor

HOMA-IRI — homeostatic model assessment-insulin resistance index

HOMA-IRIf — homeostatic model assessment-insulin resistance inde, af-
ter fasting

HOMA-IRIpp — homeostatic model assessment-insulin resistance index,
postprandially

IMWG — International Myeloma Working Group

INSR — insulin receptor

Ku — kurtosis

LDH — lactate dehydrogenase

M — mean

Maks — maximum

Mdn — median

MM — multiple myeloma

MGUS — monoclonal gammopathy of undetermined significance
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SDi - stabilna bolest (engl. stable disease)

Sk — koeficijent zako3enosti distribucije (engl. skewness)

SGLT 2 — (engl. sodium-glucose cotransporter 2)

SLLk — slobodni laki lanci kapa

SLLA - slobodni laki lanci lambda

SMG — Srpska mijelomska grupa

SCR — ¢vrsta kompletna remisija (engl. stringent complete remission)
V/GPR — veoma dobar parcijalni odgovor (engl. very good partial response)

Sukob interesa: Nije prijavljen.
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SAZETAK

Uvod: Mijeloproliferativne neoplazme (MNP) se obicno dijagnostikuju kod bolesni-
ka starosti oko 60 godina, medutim, u klinickoj praksi se ¢esto srecu bolesnici mladi
<40 godina.
Cilj: Procena klinicko-laboratorijskih karakteristika, ucestalost tromboza i analiza
terapijskog pristupa kod bolesnika sa MPN <40 godina.

Metode: Retrospektivna studija obuhvatila je 84 bolesnika, dijagnostikovanih pre-
ma SZ0 kriterijumima, lecenih na Klinici za hematologiju UKCS od 2000. do 2024.
godine.

Rezultati: Medijana starosti iznosila je 33 godine, sa vecom ucestalos¢u Zena
(60,7%). Policitemija vera (PV) je nadena kod 61,9%, esencijalna trombocitemiija
(ET) kod 25%, a prefibroticna faza primarne mijelofibroze (prePMF)

kod 13.1% ispitanika. Mutacija JAK2V617F je detektovana je kod 46,5% bolesnika.
Mikrovaskularne simptome imalo je 27.4%, svrab 14,3%, konstitucionalne simptome
71%, a splenomegaliju 45,2% bolesnika. Najvisi hemoglobin i hematokrit su imali
bolesnici sa PV (170 g/L,50%). Broj trombocita bio je najveci kod bolesnika sa prePMF
(1007x10°/L), zatim kod ET (856x10%/L) i PV (737,5x10°/L). Raspodela prema stepenu
fibroze koStane srzi bile je sledeca: MFO - 28,5%, MF1 - 54,8%, MF2 - 4,8%. Ukupno,
41,7% bolesnika imalo je bar jedan kardiovaskularni faktor rizika, najceSce pusenje
(23,8%). Prethodne tromboze imalo je 16,7% bolesnika, a tromboze tokom pracenja
(8,3%) imali su samo bolesnici sa PV. Aspirin je koristilo 86,9% bolesnika, dok su fle-
botomije primenjene kod skoro svih bolesnika sa PV. Citoreduktivnom terapijom lece-
no je 43,9% bolesnika, 39,1% jednom TL, najce3ce hidroksiurea (HU). Prema European
LeukemiaNET (ELN) skoru, 82,1% bolesnika pripadalo je grupi niskog rizika. Medijana
pracenja bila je 72 meseca, a dva bolesnika su preminula (2,45%).
Zakljucak: Vecina mladih bolesnika sa MPN pripada ELN grupi niskog rizika. Medu-
tim zbog razvoja tromboze (25%), prisutnih tegoba, stepena trombocitoze i spleno-
megalije > 18 cm, skoro 1/2 prima citoreduktivnu terapiju. To ukazuje na potrebu
bolje stratifikacije, kao i upotrebu drugacijih metoda za procenu rizika bolesti, kao
$to je sekvencioniranje sledece generacije (NGS).
Kljucne reci: mijeloproliferativne neoplazme, tromboze, adolescenti, mladi uzrast
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ABSTRACT

Introduction: Myeloproliferative neoplasms (MPN) are typically diagnosed in pa-
tients around 60 years of age; however, in clinical practice, patients <40 years are
often encountered.

Aim: Assessment of clinical-laboratory characteristics, thrombosis incidence, and
therapeutic approaches in patients with MPN<40 years.

Methods: This retrospective study included 84 patients diagnosed according to WHO
criteria who were treated at the Clinic of Hematology, UCCS, from 2000 to 2024.
Results: The median age was 33 years, with a higher prevalence in females (60.7%).
Polycythemia vera (PV) was found in 61.9%, essential thrombocythemia (ET) in 25%,
and pre-primary myelofibrosis (prePMF) in 13.1% of participants. The JAK2V617F mu-
tation was detected in 46.5% of patients. Microvascular symptoms were present in
27.4%, pruritus in 14.3%, constitutional symptomsin 7.1%, and splenomegaly in 45.2%
of patients. The highest hemoglobin and hematocrit levels were found in PV patients
(170 g/L, 50%). The platelet count was highest in patients with prePMF (1007x10°%/L),
followed by ET (856x10°/L) and PV (737.5x10°/L). The distribution of bone marrow fi-
brosis was as follows: MFO - 28.5%, MF1 - 54.8%, MF2 - 4.8%. Overall, 41.7% of pa-
tients had at least one cardiovascular risk factor, most commonly smoking (23.8%). The
previous thrombosis occurred in 16.7% of patients, while thrombosis during follow-up
(8.3%) was seen only in PV patients. Aspirin was used by 86.9% of patients, and phle-
botomy was applied to almost all PV patients. Cytoreductive therapy was used in 43.9%
of patients, with 39.1% receiving one line of treatment, most commonly hydroxyurea
(HU). According to the European LeukemiaNET (ELN) score, 82.1% of patients were clas-
sified as low-risk. The median follow-up was 72 months, and two patients died (2.45%).
Conclusion: The majority of younger MPN patients belong to the low-risk ELN
group. However, nearly half of the patients receive cytoreductive therapy due to
the development of thrombosis (25%), the presence of symptoms, the degree of
thrombocytosis, and splenomegaly > 18 cm. This indicates the need for better
stratification and the use of different methods for disease risk assessment, such as
next-generation sequencing (NGS).
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uvoD

Pacijenti mlade Zivotne dobi sa mijeloproliferativnim
neoplazmama (MPN) predstavljaju posebnu subpopu-
laciju bolesnika ciji se broj stalno postepeno povecava
[1]. Medijana starosti u trenutku postavljanja dijagnoze
za klasi¢ne BCR-ABL1 negativne MPN, koje obuhvataju
policitemiju veru (PV), esencijalnu trombocitemiju (ET)
i primarnu mijelofibrozu (PMF), krece se od 60-65 go-
dina [2]. Prema podacima iz studija, pacijenti mladi od
40 godina ¢ine svega 10% ukupnog broja bolesnika sa
MPN [3-6], dok neka druga istrazivanja ukazuju da je taj
udeo ¢aki20% [7-9]. Od svih MPN entiteta, u populaciji
mladih bolesnika, naj¢esca je ET sa 51%-72%, drugom
mestu je PV, a najrede se javlja PMF [2,10-13]. ET se ka-
rakterise megakariocitnom hiperplazijom i tromboci-
tozom, bolesnici sa PV imaju znacajnu eritrocitozu, dok
oni sa PMF imaju fibrozu kostane srzi, koja posledi¢no
kasnije dovodi do citopenija i ekstrameduarlne hema-
topoeze [14]. Kod sve tri bolesti postoji rizik od nastan-
ka vaskularnih komplikacija, ali i akutne mijeloidne le-
ukemije (AML), dok PV i ET mogu da se transformisu u
mijelofibrozu (MF) [14].

Jedinstveno za mlade obolele od MPN je duzi oce-
kivani Zivotni vek u odnosu na stariju populaciju, ali
istovremeno, dugo trajanje bolesti pruza moguénost
za nastanak komplikacija povezanih sa boles¢u i nje-
nim le¢enjem [2]. Takode, postoje i dodatna pitanja
koja se iskljucivo ticu ove starosne grupe, a odnose
sa na psihosocijalne potrebe, fertilitet i trudnocu, kao
i jedinstvenu biologiju MPN [11,15]. Vecina dostupnih
podataka, kao i aktuelni konvencionalni prognosticki
modeli, dobijeni su analizom starije populacije, te se
postavlja pitanje u kojoj meri precizno odrazavaju je-
dinstvene fenotipske obrasce ili prognosti¢cke markere
ove mlade starosne grupe.

Tako, standardni European LeukemiaNET (ELN) pro-
gnosticki skor je baziran na godinama zivota (> 60) i
prethodnim trombozama, i sluzi za odredivanje nacina
le¢enja usmerenog na smanjenje rizika od krvarenja i
tromboze [16]. Stoga je njegova primena kod mladih
ogranicena, jer se godine Zivota tu ne pojavljuju kao
faktor, pa jedino $to ove bolesnike moze da svrsta u vi-
sokorizi¢nu grupu jesu prethodne tromboze.

Cilj ove studije bio je evaluacija klinicko-labora-
torijskih karakteristika, ucestalosti tromboza i analiza
terapijskog pristupa kod MPN bolesnika mladih od 40
godina.

METODE

Retrospektivno istrazivanje obuhvatilo je 84 bolesni-
ka sa dijagnozom neke od bolesti iz grupe Filadelfija
negativnih MPN, dijagnostikovanih, pracenih i le¢enih
na Klinici za hematologiju UKCS, u periodu od 2000. do

INTRODUCTION

Younger patients with myeloproliferative neoplasms
(MPN) represent a special subpopulation of patients
whose number is gradually increasing [1]. The me-
dian age at diagnosis for classic BCR-ABL1-negative
MPNs, which include polycythemia vera (PV), essen-
tial thrombocythemia (ET), and primary myelofibrosis
(PMF), ranges from 60-65 years [2]. According to data
from studies, patients younger than 40 make up only
10% of the total number of patients with MPN [3-6],
while some other studies indicate that this proportion
is even 20% [7-9]. Of all MPN entities, in the population
of young patients, ET is the most common with 51%-
72%, PV is second, and PMF is the least common [2,10-
13]. ET is characterized by megakaryocyte hyperplasia
and thrombocytosis, patients with PV have significant
erythrocytosis, while those with PMF have bone mar-
row fibrosis, which subsequently leads to cytopenia
and extramedullary hematopoiesis [14]. In all three
diseases, there is a risk of vascular complications, but
also of acute myeloid leukemia (AML), while PV and ET
can transform into myelofibrosis (MF) [14].

Uniquely for young people with MPN is the longer
life expectancy compared to the older population, but at
the same time, the long duration of the disease provides
the possibility for complications related to the disease
and its treatment [2]. Also, there are additional ques-
tions that exclusively concern this age group and are
related to psychosocial needs, fertility, and pregnancy,
as well as the unique biology of MPN [11,15]. Most of the
available data, as well as the current conventional prog-
nostic models, have been obtained by analyzing the el-
derly population, and the question arises to what extent
they accurately reflect the unique phenotypic patterns
or predictive markers of this younger age group.

Thus, the standard European LeukemiaNET (ELN)
prognostic score is based on years of life (> 60) and pre-
vious thromboses and serves to determine the treat-
ment approach aimed at reducing the risk of bleeding
and thrombosis [16]. Therefore, its application in young
people is limited because age does not appear as a fac-
tor, so the only thing that can place these patients in
the high-risk group is previous thromboses.

This study aimed to evaluate the clinical and lab-
oratory characteristics, the frequency of thrombosis,
and the analysis of the therapeutic approach in MPN
patients under 40 years of age.

METHODS

The retrospective study included 84 patients diag-
nosed with one of the diseases from the Philadelphia
group of negative MPNs who were diagnosed, moni-
tored, and treated at the UKCS Hematology Clinic from
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2024. godine. Dijagnoza je postavljena prema aktuel-
nim SZO kriterijumima [17].

Iz medicinske dokumentacije prikupljeni su slededi
podaci: 1) demografske karakteristike bolesnika; 2) pri-
sustvo JAK2V617F mutacije; 3) simptomi; 4) prisustvo
palpablne splenomegalije; 5) parametri krvne slike;
6) vrednosti laktat-dehidrogenaze; 7) stepen fibroze
kostne srzi; 8) kardiovaskularni (KV) faktori rizika; 9)
prisustvo i vrsta prethodnih tromboza i tromboza u
toku pracenja; 10) modaliteti leCenja; 11) prognostic-
ki skorovi (ELN skor, International Prognostic Score of
Thrombosis in WHO - ET (IPSET Thrombsis), International
Prognostic Score for ET: Predicts Survival (IPSET survival),
International Prognostic Scoring System (IPSS)); 12) duzi-
na prezivljavanja; 13) uzrok smrtnog ishoda.

Deskriptivnim statistickim parametrima, kategorijal-
ni podaci su prikazani kao apsolutne i relativne ucestalo-
sti, a numericki podaci, s obzirom da nisu imali normalnu
raspodelu, prikazani su kao medijana i opseg (Min-Max).
Za testiranje razlika u ucestalosti kori3¢en je hi-kvadrat
test, a za testiranje razlika vrednosti numerickih poda-
taka koriS¢eni su Kruskal-Wallis-ov test i Mann-Whitney
test. Kriterijum za statisticku znacajnost je bio p < 0.05.
Podaci su obradeni koris¢enjem softverskog programa
SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA).

REZULTATI

Studija je obuhvatila 84 bolesnika uzrasta do 40 godina
sa potvrdenom dijagnozom bolesti iz grupe Filadelfija
negativnih mijeloproliferativnih neoplazmi (Ph- MPN).
Policitemiju veru imalo je 52 bolesnika (61,9%), esenci-
jalnu trombocitemiju 21 bolesnik (25%), prefibroti¢nu
fazu primarne mijelofibroze 11 (13,1%). Nijedan bo-
lesnik nije imao manifestnu fazu PMF. Grupu su Cinile
dominantno zene, 51 odnosno (60,7%), dok su 33 ispi-
tanika, (39,3%) bili muskarci (odnos Z : M=1,55:1). Me-
dijana starosti bolesnika u trenutku postavljanja dija-
gnoze bila je 33 godine (od 14 do 40 godina) (Tabela 1).
Alel specifitnom PCR metodom kod 39 bolesnika
(46,4%) nadena je JAK2V617F mutacija, dok je kod 24
bolesnika (28,6%) bila odsutna; kod 21 bolesnika (25%)
ova analiza nije bila radena (Tabela 1). U grupi sa PV, 31
bolesnik (59,6%) imao je JAK2V617F mutaciju, 5 bole-
snika (9,6%) nije imalo, dok kod 16 bolesnika (30,7%)
analiza nije bila sprovedena. Kod bolesnika sa ET, prisu-
stvo JAK2V617F mutacije utrvdeno je kod 6 bolesnika
(28,6%), dok je 10 bolesnika (47,6%) bilo negativno, a
kod 5 bolesnika (23,8%) ova mutacije nije ispitivana.
Svim bolesnicima sa prePMF je radena ova analiza, pri
¢emu je kod 2 bolesnika (18,2%) dokazano prisustvo
mutacije, dok je 9 bolesnika (81,8%) bilo negativno.
Mikrovaskularne simptome pri dijagnozi imalo je
23 bolesnika (27,4%), glavobolju 19 bolesnika (22,6%),

2000 to 2024. The diagnosis was made according to
current WHO criteria [17].

The following data were collected from the med-
ical documentation: 1) demographic characteristics
of the patient; 2) presence of JAK2V617F mutation;
3) symptoms; 4) presence of palpable splenomegaly;
5) blood count parameters; 6) values of lactate dehy-
drogenase; 7) degree of bone marrow fibrosis; 8) car-
diovascular (CVD) risk factors; 9) presence and type of
previous thrombosis and thrombosis during follow-up;
10) treatment modalities; 11) prognostic scores (ELN
score, International Prognostic Score of Thrombosis in
WHO - ET (IPSET Thrombsis), International Prognostic
Score for ET: Predicts Survival (IPSET survival), Interna-
tional Prognostic Scoring System (IPSS)); 12) length of
survival; 13) cause of death.

Descriptive statistical parameters and categorical
data are shown as absolute and relative frequencies, and
numerical data, considering that they did not have a nor-
mal distribution, are shown as median and range (Min-
Max). The chi-square test was used to test the differenc-
es in frequency, and the Kruskal-Wallis and Mann-Whit-
ney tests were used to test the differences in numerical
data values. The criterion for statistical significance was
p < 0.05. Data were processed using the SPSS Statistics
22 software program (SPSS Inc., Chicago, IL, USA).

RESULTS

The study included 84 patients aged up to 40 years
with a confirmed diagnosis of the disease from the
Philadelphia group of negative myeloproliferative
neoplasms (Ph-MPN). Polycythemia vera was present
in 52 patients (61.9%), essential thrombocythemia in
21 patients (25%), and prefibrotic phase of primary
myelofibrosis in 11 (13.1%). No patient had a manifest
phase of PMF. The group consisted predominantly of
women, 51 or so (60.7%), while 33 respondents (39.3%)
were men (ratio F : M=1.55:1). The median age of the
patients at the time of diagnosis was 33 years (from 14
to 40 years) (Table 1).

JAK2V617F mutation was found by the Allele-specif-
ic PCR method in 39 patients (46.4%), while it was absent
in 24 patients (28.6%); this analysis was not performed in
21 patients (25%) (Table 1). In the group with PV, 31 pa-
tients (59.6%) had the JAK2V617F mutation, 5 patients
(9.6%) did not, while in 16 patients (30.7%), the analysis
was not performed. In patients with ET, the presence of
the JAK2V617F mutation was confirmed in 6 patients
(28.6%), while 10 patients (47.6%) were negative, and
in 5 patients (23.8%), this mutation was not examined.
This analysis was performed on all patients with prePMF,
whereby the presence of the mutation was proven in 2
patients (18.2%), while 9 patients (81.8%) were negative.
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Tabela 1. Klinicke i laboratorijske karakteristike mladih bolesnika sa MPN

Table 1. Clinical and laboratory characteristics of young MPN patients

Uzrast (godine), medijana (opseg) / Age (years), median (range) 33 (14-40)
Pol (Z/M) / Gender (F/M) 51(60.7%) / 33 (39.3%)
Tip MPN / MPN type
PV 52 (61.9%)
ET 21(25.0%)
prePMF / 11(13.1%)
JAK2V617F mutacija / JAK2V617F mutation
Pozitivna / Positive 39 (46.4%)
Negativna / Negative 24(28.6%)
Nije uradena / Not done 21(25.0%)
Simptomi / Symptoms
Svrab / ltching 12 (14.3%)
Mikrovaskularni simptomi  / Microvascular symptoms 23 (27.4%)
Glavobolja / Headache 19 (22.6%)
Konstitucionalni simptomi / Constitutional symptoms 6 (7.1%)
Palpabilna splenomegalija / Palpable splenomegaly 38 (45.2%)
Povisen LDH / High LDH, U/L 43 (51.2%)
Stepen fibroze u koStanoj srzi / Bone marrow fibrosis
MF-0 /MF-0 24 (28.5%)
ME-1 / MF-1 46 (54.8%)
MF-2 / MF-2 4 (4.8%)
Nepoznato / Unknown 10 (11.9%)
Kardiovaskularni faktori rizika / Cardiovascular risk factors
HT /HT 8(9.5%)
Pusenje / Smoking 20(23.8%)
HT+HLP / HT+HLP 2(2.4%)
Pusenje, HT / Smoking, HT 4 (4.8%)
Pusenje HT, HLP / Smoking, HT, HLP 1(1.2%)
Prethodne tromboze / History of thrombosis 14 (16.7%)
Tromboze u toku pracenja / Thrombosis during follow-up 7 (8.3%)
Pracenja (meseci) / Follow-up (months) 72 (3-288)
Smrtniishod /Death 2(2.4%)

Numericki podaci su prikazani kao medijana (opseg Min-Max) a kategorijalni podaci kao broj
pacijenata i procenat, n (%)

MPN — mijeloproliferativna neoplazma, PV — policitemija vera, ET — esencijalna trombocite-
miija, prePMF — prefibroticna faza primarne mijelofibroze, LDH — laktat dehidrogenaza, HT
— hipertenzija, HLP — hiperlipidemija

svrab 12 bolesnika (14,3%), dok su konstitucione tegobe
bile prisutne kod 6 bolesnika (7,1%). Palpabilna spleno-
megalija nadena je kod 38 bolesnika (45,2%) (Tabela 1).

U ispitivanoj grupi bolesnika vrednosti hemoglobi-
na (p < 0,001), hematokrita (p < 0,001), MCV (p = 0,016)

Numerical data are presented as median (Min-Max range) and categorical data as number
of patients and percentage, n (%)

MPN - myeloproliferative neoplasm, PV - polycythemia vera, ET - essential thrombocythe-
mia, prePMF - prefibrotic phase of primary myelofibrosis, LDH - lactate dehydrogenase, HT
- hypertension, HLP - hyperlipidemia

Microvascular symptoms at diagnosis were present
in 23 patients (27.4%), headache in 19 patients (22.6%),
itching in 12 patients (14.3%), and constitutional com-
plaints were present in 6 patients (7.1%). Palpable sple-
nomegaly was found in 38 patients (45.2%) (Table 1).
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Tabela 2. Parametri krvne slike po tipovima MPN kod mladih bolesnika

Table 2. Blood count parameters by types of MPN in young patients

p-vrednost izmedu grupa /

Parametri / Parameters Tip MNP / Type MNP ) R
medijana (opseq) / median (range)
PV ET prePMF PV-ET  PV-prePMF  ET-prePMF
. , 170.0 1375 132.0
Hemoglobin / Hemoglobin (140.0-316.0) (123.0-165.0) (98.0-161.0) <0.001 <0.001 <0.001 0.670
. . 50.0 N7 38.8
Hematokrit / Hematocrit (41.4-66.0) (34.0-48.0) (29.6-45.1) <0.001 <0.001 <0.001 0.413
84.0 91.0 88.0
MCV/ McV (68.0-100.0) 700980 (@0.020 2016 0007 0.203 0.148
Br. Leukocita / No. Leukocyte WBC count %9 8.0 8.6 0.086 0.042 0.217 0.502
’ ) 4 (5.5-22.3) (5.4-67.0) (7.2-15.1) ' ) ’ '
. 731.5 856.0 1007.0
Br. Trombocita / No. Thrombocytes PLT count (166-1122) (553-1748) (461-1876) 0.003 0.018 0.003 0.381

Vrednosti su prikazane kao medijana i opseg (Min-Maks), boldirano- statisticki znacajna
razlika (p < 0.05)

PV — policitemija vera, ET — esencijalna trombocitemiija, prePMF — prefibroticna faza pri-
marne mijelofibroze, MCV — prosecna zapremina eritrocita, WBC — leukociti, PLT — trom-
bociti

i trombocita (p = 0,003) statisticki su se znacajno ra-
zlikovale prema grupama ispitanika, dok vrednosti
leukocita nisu pokazale znacajnu razliku (p = 0,086).
Vrednosti hemoglobiona bile su znacajno vece u gru-
pi pacijenata sa PV, 170,0 g/L (opseg 140,0-316,0 g/L),
u odnosu na grupu ET, 137,5 g/L (raspon 123,0-165,0
g/L), (p < 0,001), kao i u odnosu na grupu prePMF,
132,0 g/L (raspon 98,0-161,0 g/L), (p < 0,001), dok se
vrednosti hemoglobina nisu razlikovale izmedu ET i
prePMF (p = 0,670). Vrednosti hematokrita takode su
bile znacajno vise u grupi pacijenata sa PV, 50,0% (ras-
pon 41,4-66,0%), u odnosu na grupu ET, 41,7% (ras-
pon 34,0-48,0%), (p < 0,001), kao i u odnosu na grupu
prePMF, 38,8% (raspon 29,6-45,1%) (p < 0,001), dok se
vrednosti hematokrita nisu razlikovale izmedu ET i pre-
PMF (p =0,413).

Vrednosti MCV-a bile su statisti¢ki znacajno vece
kod pacijenata sa ET, 91,0 f/L (raspon 70,0-98,0 f/L), u
odnosu na grupu sa PV, 84,0 f/L (raspon 68,0-100,0 f/L),
(p < 0,001), dok izmedu ispitanika ostalih grupa nije
postojala znacajna razlika. Vrednosti trombocita bile
su znacajno nize u grupi pacijenata sa PV, 737,5 x10°/L
(raspon 166,0-1122,0 x10%/L), u odnosu na grupu ET,
856,0 x10%L (raspon 553,0-1748,0 x10%L), (p = 0,018),
kao i u odnosu na grupu prePMF 1007,0 x10%L (raspon
461,0-1876,0 x10%L), (p=0,003), dok se vrednosti trom-
bocita nisu razlikovale izmedu ET i prePMF (p = 0,381)
(Tabela 2).

U celoj grupi bolesnika, vrednost laktat-dehidroge-
naze (LDH) bila je povisena kod 43 (51,2%). Eritropoetin
je bio snizen kod 25 bolesnika (29,8%), normalan kod

Values are shown as median and range (Min-Max), bold - statistically significant difference
(p<0.05)

PV - polycythemia vera, ET - essential thrombocythemia, prePMF - prefibrotic phase of
primary myelofibrosis, MCV — mean corpuscular volume, WBC - leukocytes, PLT - platelets
Hemoglobin (g/L), Hematocrit (%), MCV (f/L), No. Leukocyte (x10°/L), No. Thrombocytes
(x10°/L)

In the examined group of patients, the values of hemo-
globin (p < 0.001), hematocrit (p < 0.001), MCV (p = 0.016),
and platelets (p = 0.003) statistically significantly differed
according to the groups of subjects, while the values of
leukocytes did not show a significant difference (p = 0.086).
Hemoglobin values were considerably higher in the group
of PV patients, 170.0 g/L (range 140.0-316.0 g/L), com-
pared to the ET group, 137.5 g/L (range 123.0- 165.0 g/L),
(p<0.001),as well as in relation to the prePMF group, 132.0
g/L (range 98.0-161.0 g/L), (p < 0.001), while the values he-
moglobin did not differentiate between ET and prePMF
(p = 0.670). Hematocrit values were also significantly high-
er in the PV group, 50.0% (range 41.4-66.0%), compared
to the ET group, 41.7% (range 34.0-48.0%), (p < 0.001), as
well as in relation to the prePMF group, 38.8% (range 29.6-
45.1%) (p < 0.001), while hematocrit values did not differ
between ET and prePMF (p = 0.413).

MCV values were statistically significantly higher in
ET patients, 91.0 f/L (range 70.0-98.0 f/L), compared to
the PV group, 84.0 f/L (range 68,0-100.0 f/L), (p < 0.001),
while there was no significant difference between the
subjects of the other groups. Platelet values were sig-
nificantly lower in the PV group, 737.5 x10°%/L (range
166.0-1122.0 x10%/L), compared to the ET group, 856.0
x10°/L (range 553.0- 1748.0 x10°L), (p = 0.018), as
well as in relation to the prePMF group 1007.0 x10°/L
(range 461.0-1876.0 x10%/L), (p = 0.003), while platelet
values did not differentiate between ET and prePMF
(p=0.381) (Table 2).

In the entire group of patients, the value of lac-
tate dehydrogenase (LDH) was elevated in 43 (51.2%).
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Tabela 3. Tromboze i KV faktori rizika kod mladih bolesnika sa MPN

Table 3. Thrombosis and CV risk factors in young patients with MPN

e e e e

Prethodne tromboze / History of thrombosis 11(21.2%) 1(4.8%) 2(18.2%) 0.233
Arterijske / Arterial
TIA/ 0(0) 1(4.8%) 0(0)
AIM/ 3(5.8%) 0(0) 0(0)
i/ 2(3.8%) 0(0) 0(0)
Periferna arterijska tromboza / Peripheral arterial thrombosis 1(1.9%) 0(0) 0(0)
Venske / Venous
DVT/ 1(1.9%) 0(0) 0(0)
PE/ 1(1.9%) 0(0) 0(0)
T/ 1(1.9%) 0(0) 0(0)
PVT/ 1(1.9%) 0(0) 2(18.2)
Budd-Chiari / 1(1.9%) 0(0) 0(0)
Tromboze tokom pracenja / Thrombosis during follow-up 7 (13.5%) 0(0) 0(0)
Tromboza u levoj komori srca / Left ventricle thrombosis 1(1.9%) 0(0) 0(0)
AIM 2(3.8%) 0(0) 0(0)
(41} 1(1.9%) 0(0) 0(0)
Venske /Venous Venous
DVT 3(5.8%) 0(0) 0(0)
Broj KV faktora rizika / Number of CV risk factors
0 27 (51.9%) 14.(66.7%) 8(72.8%)
1 20 (38.5%) 5(23.8%) 3(27.3%) 5LE
2 4(7.7%) 2(9.5%) 0(0)
3 1(1.9%) 0(0) 0(0)

Kategorijalni podaci su prikazani kao broj pacijenata i procenat n (%)

TIA — tranzitorni ishemijski atak, AIM — akutni infarkt miokarda, CVI — cerebrovaskular-
ni insult, DVT — duboka venska tromboza, PE — plu¢na embolija, CVT — centralna venska
tromboza, PVT — tromboza vene porte, MPN — mijeloproliferativna neoplazma, PV — po-
licitemija vera, ET — esencijalna trombocitemija, prePMF — prefibroticna faza primame
mijelofibroze

14 bolesnika (16,7%), dok kod 45 bolesnika (53,6%) nije
raden. Stepen fibroze u kostanoj srzi je bio MF 0 kod 24
bolesnika (28,5%), MF 1 kod 46 bolesnika (54,8%), MF 2
kod 4 bolesnika (4,8%), a kod 10 bolesnika (11,9%) nisu
bili dostupni podaci (Tabela 1).

Kardiovaskularne faktore rizika imalo je 35 bolesni-
ka (41,7%), od ¢ega je 8 bolesnika (9,5%) imalo hiper-
tenziju, 20 bolesnika (23,8%) su bili pusaci, udruzenu
pojavu hipertenzije i hiperlipidemije je imalo 2 bole-
snika (2,4%), pusaca koji su istovremeno imali i hiper-
tenziju bilo je 4 (4,8%), dok su sva tri faktora rizika bila
prisutna kod samo 1 bolesnika (1,2%). Raspodela pre-
ma dijagnozama u odnosu na broj kardiovaskularnih
rizika bila je sledeca: 27 bolesnika sa PV (51,9%), 14 bo-
lesnika sa ET (66,7%) i 8 bolesnika sa prePMF (72,8%)

(ategorical data are presented as the number of patients and percentage n (%)

TIA - transient ischemic attack, AMI - acute myocardial infarction, CVI - cerebrovascular
insult, DVT - deep vein thrombosis, PE - pulmonary embolism, CVT - central venous throm-
bosis, PVT - portal vein thrombosis, MPN - myeloproliferative neoplasm, PV - polycythemia
vera, ET - essential thrombocythemia, prePMF - prefibrotic phase of primary myelofibrosis

Erythropoietin was decreased in 25 patients (29.8%),
normal in 14 patients (16.7%), while in 45 patients
(53.6%), it was not done. The degree of fibrosis in the
bone marrow was MF 0 in 24 patients (28.5%), MF 1 in
46 patients (54.8%), MF 2 in 4 patients (4.8%), and in 10
patients (11.9%) no data were available (Table 1).
Cardiovascular risk factors were present in 35 pa-
tients (41.7%), of which 8 patients (9.5%) had hyper-
tension, 20 patients (23.8%) were smokers, 2 patients
had the combined occurrence of hypertension and
hyperlipidemia (2.4%), there were 4 (4.8%) smokers
who also had hypertension, while all three risk factors
were present in only 1 patient (1.2%). The distribution
according to diagnoses in relation to the number of
cardiovascular risks was as follows: 27 patients with PV
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Tabela 4. Terapijski pristup i stratifikacija prema ELN skoru mladih bolesnika
saMPN

Table 4. Therapeutic approach and stratification according to the ELN score of
young MPN patients

Terapija / Therapy
ASA/ASA 43 (82.7%) 20 (95.2%) 10(90.9%)
VKA / VKA 1(1.9%) 0(0) 1(9.1%) 0325
DOAK / DOAC 1(1.9%) 0(0) 0(0)
ASA+0AK / ASA+ 0AC 3(5.8%) 0(0) 0(0)
Flebotomije / Phlebotomy 50 (96.2%) 3(14.3%) 0(0%) <0.001
Citoreduktivna terapija / (ytoreductive treatment 24 (46.1%) 9(42.9%) 4(36.4%) 0.831
Standardni ELN skor / Standard ELN score
Nizak rizik / Low risk 40 (76.9%) 20 (95.2%) 9(81.8%) 0.181
Visok rizik / High risk 12 (23.1%) 1(4.8%) 2(18.2%)
Prisutni KV faktori rizika / CVrisk factors 25 (48.1%) 7 (33.0%) 3(27.3%) 0.299

Kategorijalni podaci su prikazani kao broj pacijenata i procenat n (%), Podebljano- statistic-
ki znacajna razlika ucestalosti

ASA — acetilsalicilna kiselina, VKA — antagonisti vitamina K, DOAK — direktni oralni antikoa-
gulanti, OAK — oralni antikoagulanti, ELN — European LeukemiaNet, KV — kardiovaskulari,
PV — policitemija vera, ET — esencijalna trombocitemija, prePMF — prefibroti¢na faza pri-
marne mijelofibroze

nisu imali KV faktore rizika, jedan KV faktor rizika je
imalo 20 bolesnika sa PV (28,5%), 5 sa ET (23,8%) i 3 sa
prePMF (27,3%), 2 KV faktora rizika su imali 4 bolesnika
sa PV (7,7%), 2 sa ET (9,5%) i ni jedan bolesnik sa pre-
PMF, dok je jedan bolesnik sa PV je imao 3 KV faktora
rizika (Tabela 1, Tabela 3).

Prethodne tromboze su bile prisutne kod 14 bole-
snika (16,7%), dok su tromboze u toku pracenja nastale
kod 7 bolesnika (8,3%). NajviSe tromboza pre dijagnoze
MPN imali su bolesnici sa PV, 11 bolesnika (21,2%), dok
susamo 1 bolesnik sa ET (4,8%) i 2 bolesnika sa prePMF
(18,2%) imali prethodnu trombozu. Ucestalost trombo-
za pre dijagnose MPN se nije statisti¢ki znacajno razli-
kovala prema grupama ispitanika (p = 0,233). 0d 11 bo-
lesnika sa PV, 3 (5,8%) su imala akutni infarkt miokarda,
2 (3,8%) mozdani udar, dok je po jedan (1,9%) bolesnik
imao perifernu arterijsku trombozu, DVT, PE, CVT, PVT,
Budd Chiari. Bolesnik sa dijagnozom ET je imao tranzi-
torni ishemijski atak, dok su oba bolesnika sa prePMF
imala PVT. U toku pracenja tromboze su isklju¢ivo na-
dene kod bolesnika sa PV, od ¢ega su 3 (5,8%) bolesni-
ka imala DVT, 2 (3,8%) bolesnika AIM, dok je po jedan
(1,9%) bolesnik imao CVI ili tromb u levoj komori srca.
Broj KV faktora rizika se nije znacajno razlikovao izmedu
dijagnosti¢kih grupa pacijenata, (p = 0,293) (Tabela 3).

U celoj grupi bolesnika, 73 (86,9%) su bili na terapiji
ASA, 2 (2,4%) na terapiji VKA, jedan (1,2%) na DOAK, a 3
bolesnika (3,6%) na kombinaciji ASA i OAK. U okviru PV,

(ategorical data are presented as number of patients and percentage n (%), Bold - statisti-
cally significant difference in frequency

ASA - acetylsalicylic acid, VKA - vitamin K antagonists, DOAC — direct oral anticoagulants,
OAC - oral anticoagulants, ELN - European LeukemiaNet, CV - cardiovascular, PV - polycy-
themia vera, ET - essential thrombocythemia, prePMF - prefibrotic phase of primary my-
elofibrosis

(51.9%), 14 patients with ET (66.7%) and 8 patients with
prePMF (72.8%) had no CV risk factors, one CV risk fac-
tor was present in 20 patients with PV (28.5%), 5 with
ET (23.8%) and 3 with prePMF (27.3%), 2 CV risk factors
were present in 4 patients with PV (7 .7%), 2 with ET
(9.5%) and no patient with prePMF, while one patient
with PV had 3 CV risk factors (Table 1, Table 3).

Previous thromboses were present in 14 patients
(16.7%), while thrombosis occurred during follow-up
in 7 patients (8.3%). Patients with PV had the most
thrombosis before the diagnosis of MPN, 11 patients
(21.2%), while only 1 patient with ET (4.8%) and 2 pa-
tients with prePMF (18.2%) had previous thrombosis.
The frequency of thrombosis before the diagnosis of
MPN was not statistically significantly different accord-
ing to the groups of subjects (p = 0.233). Out of 11
patients with PV, 3 (5.8%) had an acute myocardial in-
farction, 2 (3.8%) had a stroke, while one (1.9%) patient
each had peripheral arterial thrombosis, DVT, PE, CVT,
PVT, Budd Chiari. The patient diagnosed with ET had
a transient ischemic attack, while both patients with
prePMF had PVT. During follow-up, thromboses were
exclusively found in patients with PV, of which 3 (5.8%)
patients had DVT, 2 (3.8%) patients had AMI, while one
(1.9%) patient had CVI or thrombus in the left ventricle
of the heart. The number of CV risk factors did not dif-
fer significantly between diagnostic groups of patients
(p=0.293) (Table 3).
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43 (82,7%) bolesnika je le¢eno ASA, po jedan (1,9%) bo-
lesnik sa VKA i DOAK, dok su tri bolesnika le¢ena pret-
hodno pomenutom kombinacijom ASA i OAK. Medu
bolesnicima se ET, 20 (95,2%) je le¢eno ASA i nije bilo
bolesnika lecenih drugim tipom antitrombozne terapi-
je. U grupi bolesnika sa prePMF, 10 (90,9%) je bilo na
terapiji ASA, dok je jedan bio na terapiji VKA. Primena
ASA u terapiji nije se znacajno razlikovala izmedu po-
smatranih grupa pacijenata (p = 0,325). Ukupno, 53 bo-
lesnika (63,1%) je leceno flebotomijama, od ¢ega su 50
bili bolesnici sa PV, dok je 3 bolesnika imalo ET. Lecenje
flebotomijom je znacajno ucestalije u grupi pacijenta
sa PV (p < 0,001). Citoreduktivnom terapijom je leCeno
37 bolesnika (43,9%), dok je raspodela prema dijagno-
zama bila: 24 bolesnika (46,1%) u grupi sa PV, 9 (42,9%)
u grupi sa ET i 4 (36,4%) u grupi sa prePMF, bez zna-
¢ajne razlike u primeni citoreduktivne terapije izmedu
grupa pacijenata (p = 0,831). U celoj grupi bolesnika,
33 bolesnika (39,1%) je leCeno jednom terapijskom li-
nijom, dok su 4 bolesnika (4,8%) primala dve terapijske
linije. Hidroksurea (HU) je bila prva linija terapije kod 31
bolesnika (36,1%), dok je 6 bolesnika (7,2%) incijalno
leceno interferonom. U drugoj terapijskoj liniji, 3 bo-
lesnika su dobijala HU (3,6%), dok su po dva bolesnika
dobijala INF (2,4%) ili ruksolitinib (2,4%) (Tabela 4).

Od ukupnog broja bolesnika, prema standardnom
ELN skoru, visokom riziku je pripadalo 15 (17,9%). Ras-
podela u okviru dijagnoza, u odnosu na ELN skor, bila je
sledeca: 12 bolesnika (23,1%) sa PV, 1 bolesnik (4,8%) sa
ETi 2 bolesnika (18,2%) sa prePMF pripadali su grupi vi-
sokog rizika. Ucestalost visokorizi¢nih pacijenata prema
standardnom ELN skoru nije se znacajno razlikovala iz-
medu dijagnoza (p = 0,181). Od ukupnog broja bolesni-
ka koji su primali citoreduktivnu terapiju, njih 10 (26,7%)
je bilo klasifikovano kao visokorizi¢no. U grupi bolesni-
ka sa ET, prema IPSET survival skoru, 16 bolesnika je pri-
padalo grupi niskog rizika, 4 bolesnika intermedijernoj
grupi, a prema IPSET thrombosis skoru, 11 bolesnika je
pripalo grupi niskog, a 7 bolesnika intermedijernoj gru-
pi rizika. U grupi bolesnika sa prePMF, prema IPSS skoru,
8 bolesnika je pripadalo grupi niskog, a 3 bolesnika gru-
pi intermedijernog-1 rizika. Prethodno navedeni skorovi
koristeni za bolesnike sa ET i prePMF nisu identifikovali
visokorizi¢ne bolesnike u nasoj kohorti (Tabela 4).

Kod dve bolesnice (2,45%) postojala je pozitivna
porodi¢na anamneza u smislu porodi¢nog prisustva
prethodne MPN. Kod jedne bolesnice sa PV, majka je
tekode imala PV, a kod druge bolesnice sa prePMF, stric
jeimao ET.

Transformacija u MF dogodila se kod dve bolesnice
koje su imale PV (post-PV MF), $to ¢ini 2,45% od uku-
pnog broja bolesnika. Vreme do fibroti¢ne progresije
jeiznosilo6i 11,5 godina.

In the entire group of patients, 73 (86.9%) were on
ASA therapy, 2 (2.4%) on VKA therapy, one (1.2%) on
DOAK, and 3 patients (3.6%) on a combination of ASA
and OAK. Within PV, 43 (82.7%) patients were treated
with ASA, one (1.9%) patient each with VKA and DOAC,
and three patients were treated with the combination
mentioned above of ASA and OAK. Among the patients
with ET, 20 (95.2%) were treated with ASA, and no pa-
tients were treated with another type of antithrom-
botic therapy. In the group of patients with prePMF, 10
(90.9%) were on ASA therapy, while one was on VKA
therapy. The use of ASA in treatment did not differ sig-
nificantly between the observed groups of patients
(p = 0.325). In total, 53 patients (63.1%) were treated
with phlebotomies, of which 50 were patients with PV,
while 3 patients had ET. Phlebotomy treatment was sig-
nificantly more frequent in the group of patients with
PV (p < 0.001). 37 patients (43.9%) were treated with
cytoreductive therapy, while the distribution according
to diagnosis was: 24 patients (46.1%) in the group with
PV, 9 (42.9%) in the group with ET, and 4 (36.4%) in the
group with prePMF, with no significant difference in
the application of cytoreductive therapy between pa-
tient groups (p = 0.831). In the entire group of patients,
33 patients (39.1%) were treated with one therapeutic
line, while 4 patients (4.8%) received two therapeutic
lines. Hydroxyurea (HU) was the first line of therapy in
31 patients (36.1%), while 6 patients (7.2%) were ini-
tially treated with interferon. In the second therapeutic
line, 3 patients received HU (3.6%), while two patients
each received INF (2.4%) or ruxolitinib (2.4%) (Table 4).

Of the total number of patients, according to the
standard ELN score, 15 (17.9%) were at high risk. The
distribution within the diagnoses, in relation to the
ELN score, was as follows: 12 patients (23.1%) with PV,
1 patient (4.8%) with ET, and 2 patients (18.2%) with
prePMF belonged to the group high risk. The frequen-
cy of high-risk patients according to the standard ELN
score did not differ significantly between diagnoses
(p = 0.181). Of the total number of patients who re-
ceived cytoreductive therapy, 10 of them (26.7%)
were classified as high-risk. In the group of patients
with ET, according to the IPSET survival score, 16
patients belonged to the low-risk group, 4 patients
to the intermediate group, and according to the IP-
SET thrombosis score, 11 patients belonged to the
low-risk group, and 7 patients to the intermediate
risk group. In the group of patients with prePMF, ac-
cording to the IPSS score, 8 patients belonged to the
group of low, and 3 patients to the group of interme-
diate-1 risk. The aforementioned scores used for pa-
tients with ET and prePMF did not identify high-risk
patients in our cohort (Table 4).
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Medijana pracenja bolesnika je iznosila 72 meseca
(3-288 meseci). Dva bolesnika (2,45%) su tokom prace-
nja preminula, a uzrok smrtnog ishoda kod jednog su
bile posttransplatacione komplikacije nakon alogene
tranplatacje mati¢nih celija hematopoeze, odnosno
sekundarni malignitet, karcinom jetre kod drugog (Ta-
bela 1).

DISKUSLJA

Najcesce dijagnostikovana Filadelfija negativna (Ph-)
MPN kod mladih bolesnika je esencijalna tromboci-
temija (ET). Ovaj tip MPN najsesce se otkriva kod ispi-
tanika zenskog pola, 5to objasnjava nalaz da su medu
mladim bolesnicima sa MPN pretezno zene (65-71%),
dok je kod starijih zastupljenost Zenskog pola manja i
iznosi 46-58% [10,11]. U nasoj kohorti, iako je ceSce na-
dena policitemija vera (PV), i dalje je dominantan Zen-
ski pol, jer Zene Cine skoro dve tre¢ine ukupnog broja
bolesnika.

Medijana starosti na dijagnozi u studijama sa mla-
dim bolesnicima sa MPN krece se izmedu 20 i 36 godi-
na, $to je u skladu sa nasim podacima gde je medijana
bila 33 godine, sa rasponom od 14 do 40 godina. Ove
studije su ukljucile bolesnike malde od 45 godina sta-
rosti [10,18,19].

Pacijenti mlade Zivotne dobi sa MPN na dijagnozi
su uglavnom bez tegoba (asimptomatski), slicno kao i
stariji [18]. Medutim, prema podacima Sobas i saradni-
ka, vise od jedne trecine bolesnika je imalo simptome
zbog hiperviskoznosti [13]. U nasoj studiji, skoro tre-
¢ina bolesnika imala je mikrovaskularne tegobe, koje
su bile najzastupljenije. Na drugom mestu je bio svrab,
a manje od 10% bolesnika je imalo konstitucione te-
gobe. Prema podacima iz literature, koji su nisu brojni,
bolesnici sa PV ¢eSc¢e imaju na dijagnozi konstitucione
simptome, 9,2% u odnosu na 3,9% kod bolesnika sa
ET [13]. Splenomegalija je nadena kod skoro polovine
nasih ispitanika. Prema Szuber i saradnicima, povecan
promer slezine bio je prisutan kod ve¢eg procenta mla-
dih od 40 godina u odnosu na bolesnike starije od 60
godina [14]. Ovo je narocito znacajno, uzimajudi u ob-
zir da je splenomegalija identifikovana kao faktor rizika
za nastanak komplikacija i progresije bolesti, ukljucu-
judi transformaciju, krvarenje i trombozu kod ove gru-
pe bolesnika [12,13].

Kao 5to je i o¢ekivano, bolesnici sa PV su na dija-
gnozi imali znacajno vise vrednosti hemoglobina i he-
matokrita u poredenju sa bolesnicima sa ET i prePMF
(p <0,001). Medijana hemoglobina kod PV bolesnika je
bila 170 g/L, dok je kod bolesnika sa ET i prePMF ona
iznosila 137,5 g/L i 132 g/L. Hematokrit je takode bio
najvisi kod PV bolesnika, sa medijanom od 50,0%, u po-
redenju sa41,7% kod ET i 38,8% kod prePMF. Tromboci-

In two patients (2.45%), there was a positive family
history in terms of family presence of previous MPN.
In one patient with PV, the mother also had PV, and in
another patient with prePMF, the uncle had ET.

Two patients with PV (post-PV MF) were trans-
formed to MF, accounting for 2.45% of the total num-
ber of patients. The time to fibrotic progression was 6
and 11.5 years.

Median patient follow-up was 72 months (3-288
months). Two patients (2.45%) died during follow-up,
and the cause of death in one was post-transplantation
complications after allogeneic hematopoietic stem cell
transplantation, i.e., secondary malignancy and liver
cancer in the other (Table 1).

DISCUSSION

The most frequently diagnosed Philadelphia-nega-
tive (Ph-) MPN in young patients is essential thrombo-
cythemia (ET). This type of MPN is most often detected
in female respondents, which explains the finding that
among young patients with MPN, women are predom-
inantly female (65-71%), while in the elderly, the repre-
sentation of the female gender is lower and amounts
to 46-58% [10,11]. In our cohort, although polycythe-
mia vera (PV) was found more often, the female gender
is still dominant, as women make up almost two-thirds
of the total number of patients.

The median age at diagnosis in studies with young
patients with MPN ranges between 20 and 36 years,
which is consistent with our data, where the medi-
an was 33 years, with a range of 14 to 40 years. These
studies included patients younger than 45 years of age
[10,18,19].

Younger patients diagnosed with MPN are gen-
erally asymptomatic, similar to the elderly [18]. How-
ever, according to the data of Sobas et al., more than
one-third of patients had symptoms due to hyper-
viscosity [13]. In our study, almost a third of patients
had microvascular problems, which were the most
prevalent. In second place was itching; less than 10%
of patients had constitutional complaints. According
to data from the literature, which are not numerous,
patients with PV more often have constitutional symp-
toms at diagnosis, 9.2% compared to 3.9% in patients
with ET [13]. Splenomegaly was found in almost half of
our subjects. According to Szuber et al., an increased
spleen diameter was present in a higher percentage of
patients younger than 40 years compared to patients
older than 60 years [14]. This is particularly significant,
considering that splenomegaly has been identified as
arisk factor for complications and disease progression,
including transformation, bleeding, and thrombosis in
this group of patients [12,13].

SERBIAN JOURNAL OF THE MEeDIcAL CHAMBER | Volume 5/ No. 3 | September 2024

349



Arsenovi¢ I.isar.

MIJELOPROLIFERATIVNE NEOPLAZME KOD BOLESNIKA MLABIH OD 40 GODINA: RETROSPEKTIVNA ANALIZA KLINICKIH KARAKTERISTIKA

MYELOPROLIFERATIVE NEOPLASMS IN PATIENTS YOUNGER THAN 40 YEARS: A RETROSPECTIVE ANALYSIS OF CLINICAL CHARACTERISTICS

toza je uocena kod svih ispitivanih MPN entiteta, ali su
postojale znacajne razlike u broju trombocita izmedu
pacijenata sa PV i ET (p = 0,018), kao i izmedu PV i pre-
PMF (p = 0,003). Najvedi broj trombocita su imali bole-
snici sa prePMF (medijana 1007x10%/L), zatim bolesnici
sa ET (medijana 856x10°/L), dok su PV bolesnici imali
najmaniji stepen trombocitoze (medijana 737,5x10%/L).
Prema podacima iz literature, u grupi mladih bolesnika
bila je zapazena trombocitoza veceg stepena u odnosu
na starije Sto bi se moglo objasniti pove¢anom inciden-
com CALR mutacije u ovoj grupi, uzimajudi u obzir da je
ova mutacija povezana sa trombocitozom [2,11,18]. U
nasoj kohorti je iskljucivo ispitivana JAK2V617F muta-
cija, koja je bila pozitivna kod oko polovine bolesnika.
LDH je bio povisen kod oko polovine bolesnika. Kod
najveceg broja bolesnika fibroza je odgovarala MF-1 sa
vise od 50%, dok su tek dva bolesnika su imali MF-2.

Prema podacima iz literature, priblizno 10% bole-
snika sa MPN pokazuje familijarnu povezanost (klaste-
rizaciju), $to ukazuje na znacaj naslednih komponenti
u razvoju bolesti [14]. Ucestalost familijarnih MPN je
veca kod mladih bolesnika u donosu na starije bolesni-
ke (19% vs 9%) [10]. Ovo je takode ocekivano, s obzi-
rom i na raniju pojavu bolesti u mladoj grupi bolesnika.
U na$oj kohorti, kod dva bolesnika je uo¢ena porodi¢-
na pojava MPN (2,45%), Sto se moze objasniti relativho
malom grupom ispitanika.

Vaskularne komplikacije su znacajan rizik, narocito
za bolesnike sa PV, a javljaju se kako pre postavljanja
dijagnoze, tako i tokom daljeg prirodnog toka bolesti
[11,20,21]. Dokazano je da su povezane sa dijagnozom
MPN i da nekada mogu biti i prva manifestacija bolesti
zbog koje se bolesnici javljaju hematologu [22,23]. U
literaturni se nalazi da su prethodne tromboze bile pri-
sutne kod 14-27% bolesnika sa PV, 6-13% bolesnika sa
ETi7-16% sa PMF [2,11,13,18,19]. Ovi podaci u velikoj
meri odgovaraju zastupljenosti prethodnih tromboza
u oviru razli¢itih MPN dijagnoza i u nasem istrazivanju.
Od svih prethodnih tromboza u na3oj kohorti, najcesce
su bile zastupljene tromboze splanhic¢ne cirkulacije sa
28,5% od ukupnog broja, dok je zastupljenost arterij-
skih i venskih tromboza bila jednaka. Drugi najsedi tip
tromboze, odnosno tromboznih dogadaja, bio je akut-
ni infarkt miokarda, koji se javio kod 21,4% bolesnika.
Poznato je da MPN dovodi do tromboza na neuobica-
jenim lokalizacijama, kao 3to su tromboze splanhni¢ne
cirkulacije, uklju¢uju¢i Budd-Chiarijev sindrom (BCS),
tromboza vene porte (PVT) i tromboza cerebralnih
vena [11,22,24]. Tromboze u toku pracena iskljucivo su
bile prisutne kod bolesnika sa PV sa predominacijom
arterijskih tromboza koje su Cinile skoro 2/3. Prema li-
teraturnim podacima kod bolesnika ove uzrasne grupe
ceSce su bile prisutne venske tromboze u toku prace-

As expected, patients with PV had significantly
higher hemoglobin and hematocrit values at diagno-
sis than patients with ET and prePMF (p < 0.001). Me-
dian hemoglobin in PV patients was 170 g/L, while in
patients with ET and prePMF, it was 137.5 g/L and 132
g/L. Hematocrit was also highest in PV patients, with a
median of 50.0%, compared to 41.7% in ET and 38.8%
in prePMF. Thrombocytosis was observed in all MPN
entities examined, but there were significant differenc-
es in platelet counts between PV and ET patients (p =
0.018) and between PV and prePMF (p = 0.003). Patients
with prePMF had the highest number of platelets (me-
dian 1007x10°L), followed by patients with ET (median
856x10%/L), while PV patients had the lowest degree
of thrombocytosis (median 737.5x10°/L). According to
data from the literature, a higher degree of thrombo-
cytosis was observed in the group of young patients
compared to the elderly, which could be explained by
the increased incidence of the CALR mutation in this
group, taking into account that this mutation is asso-
ciated with thrombocytosis [2,11,18]. In our cohort, the
JAK2V617F mutation was exclusively examined, and it
was positive in about half of the patients. LDH was ele-
vated in about half of the patients. In the most signifi-
cant number of patients, fibrosis corresponded to MF-1
with more than 50%, while only two patients had MF-2.

According to data from the literature, approxi-
mately 10% of patients with MPN show a familial con-
nection (clustering), which indicates the importance
of hereditary components in the development of the
disease [14]. The frequency of familial MPN is higher
in younger patients than in older patients (19% vs 9%)
[10]. This is also expected, considering the earlier onset
of the disease in the younger group of patients. In our
cohort, a familial occurrence of MPN was observed in
two patients (2.45%), which the relatively small group
of subjects can explain.

Vascular complications are a significant risk, espe-
cially for patients with PV, and occur both before di-
agnosis and during the further natural course of the
disease [11,20,21]. It has been proven that they are
related to the diagnosis of MPN and that sometimes,
they can be the first manifestation of the disease for
which the patients consult a hematologist [22,23]. In
the literature, previous thrombosis was present in 14-
27% of patients with PV, 6-13% of patients with ET, and
7-16% with PMF [2,11,13,18,19]. These data correspond
to previous thromboses’ prevalence among different
MPN diagnoses and in our research. Of all the previ-
ous thromboses in our cohort, the most common was
thrombosis of the splanchnic circulation, with 28.5% of
the total number, while the prevalence of arterial and
venous thrombosis was equal. The second most com-
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nja, pa ¢ak ¢eSce i u odnosu na starije bolesnike [10].
Autori ovu pojavu objasnjavaju vec¢im brojem trom-
boza splanhi¢ne cirkulacije u toku pracenja, sa 77% od
ukupnog broja venskih tromboza [12]. S druge strane,
arterijske tromboze su u toku praéenja uglavnom rede
zastupljene kod mladih bolesnika. Smatra se da je ovo
u vezi sa nizom incidencom kardiovaskularnih komor-
biditeta i aterosklerotskih promena u krvnim sudovi-
ma [14]. Medutim, u nasoj kohorti 41,7% bolesnika je
imalo KV faktore rizika, pri ¢emu je pusenje bilo najce-
$¢e zastupljeno, a ¢ak 8,3% bolesnika imalo je vise od
jednog faktora rizika. Taj nalaz moze objasniti pojavu
ces¢ih arterijskih tromboza u nasoj studiji.

Prema ELN preporukama, leCenje bolesnika sa PV
je bazirano na riziku od tromboze. Grupi visokog rizika
pripadaju bolesnici koji su imali prethodne tromboze
ili su stariji od 60 godina, dok nizak rizik podrazume-
va odsustvo oba navedena faktora. Primenom ovog
skoring sistema, svi bolesnici u grupi mladih pripada-
ju grupi niskog rizika, osim ako nisu imali prethodne
tromboze [16]. Leenje niskorizi¢nih bolesnika sa PV
podrazumeva primenu flebotomija sa ciljem da Hct
bude < 45%, kao i primenu malih doza ASA [16,25]. Pre
primene antitrombocitne terapije, bitno je testirati bo-
lesnika na steceni von Wilebrandov sindrom kako bi se
identifikovali bolesnici sklon krvarenju, imajudi u vidu
da se on moze da javi ¢ak i u odsustvu izrazene trom-
bocitoze [26]. U nasoj grupi bolesnika sa PV, vecina je
leCena niskim dozama ASA, sa svega par bolesnika je
bilo na na oralnoj antikoagulantnoj terapiji (OAK). Ra-
zlog za uvodenje OAK kod skoro svih bolesnika bile su
prethodne tromboze, osim kod jednog bolesnika kod
koga je ova terapija uvedena zbog atrijalne fibrilacije.
Bolesnici sa visokim rizikom, prema ELN preporukama,
zahtevaju pored ove dve terapije i primenu citoredu-
ktivne terapije [16]. Dok se HU standardno koristi kod
starijih bolesnika, prema ELN i NCCN (National Com-
perhensive Cancer Network) preporukama, kod mladih
prvi izbor citoreduktivne terapije je rekombinovani ili
pegilovani INF-alfa [16,27]. U nasoj grupi bolesnika,
skoro polovina bolesnika sa PV le¢ena je primenom ci-
toreduktivne terapije, uglavnom HU, dok je manji broj
dobijao INF-alfa. Procenat lecenih je izuzetno visok,
uzimajudi u obzir da je manje od Cetvrtine bolesnika
bilo svrstano u grupu sa visokim rizikom, a drugi ra-
zlozi za uvodenje terapije su bili visoka trombocitoza,
splenomegalija, trudnoda ili znacajne tegobe. Sli¢no je
i sa bolesnicima sa ET, gde su svi osim jednog pripadali
grupi niskog rizika, pa a ipak je 42,9% bolesnika le¢eno
citoreduktivnom terapijom. ELN preporuke u smislu
primene citoreduktivne terapije kod bolesnika sa ET ne
razlikuju se mnogo u odnosu na PV, 5to se ne moze redi
i za primenu ASA [16]. Niske doze ASA su preporucene

mon type of thrombosis, or thrombotic events, was
acute myocardial infarction, which occurred in 21.4%
of patients. MPN is known to lead to thromboses in
unusual locations, such as thromboses of the splanch-
nic circulation, including Budd-Chiari syndrome (BCS),
portal vein thrombosis (PVT), and cerebral vein throm-
bosis [11,22,24]. Thrombosis during follow-up was ex-
clusively present in patients with PV, with a predom-
inance of arterial thrombosis, which accounted for
almost 2/3. According to literature data in patients of
this age group, venous thromboses were more likely
to be present during follow-up and even more often
compared to older patients [10]. The authors explain
this phenomenon by the higher number of throm-
boses of the splanchnic circulation during follow-up,
with 77% of the total number of venous thromboses
[12]. On the other hand, arterial thrombosis during fol-
low-up is generally less common in younger patients.
This is thought to be related to lower cardiovascular
comorbidities and atherosclerotic changes in blood
vessels [14]. However, in our cohort, 41.7% of patients
had CV risk factors, where smoking was the most com-
mon, and even 8.3% of patients had more than one risk
factor. This finding may explain the occurrence of more
frequent arterial thrombosis in our study.

According to ELN recommendations, treating pa-
tients with PV is based on the risk of thrombosis. Pa-
tients who have had previous thrombosis or are older
than 60 years belong to the high-risk group, while low-
risk implies the absence of both mentioned factors. By
applying this scoring system, all patients in the youth
group belong to the low-risk group unless they have
had previous thrombosis [16]. The treatment of low-
risk patients with PV involves the use of phlebotomy
with the aim of Hct being < 45%, as well as the use of
small doses of ASA [16,25]. Before applying antiplate-
let therapy, it is crucial to test the patient for acquired
von Willebrand syndrome to identify patients prone to
bleeding, bearing in mind that it can occur even in the
absence of pronounced thrombocytosis [26]. In our
group of patients with PV, most were treated with low
doses of ASA, with only a few patients on oral antico-
agulant therapy (OAC). The reason for the introduction
of OAC in almost all patients was previous thrombosis,
except for one patient in whom this therapy was intro-
duced due to atrial fibrillation. Patients with high risk,
according to ELN recommendations, require cytore-
ductive therapy in addition to these two therapies [16].
While HU is standardly used in elderly patients, accord-
ing to ELN and NCCN (National Comprehensive Cancer
Network) recommendations, in young people, the first
choice of cytoreductive therapy is recombined or pe-
gylated INF-alpha [16,27]. In our group of patients, al-
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kod bolesnika sa JAK2 mutacijom, dok kod CALR mu-
tacije, s obzirom na vecu sklonost ka krvarenju, treba
biti oprezan [14]. Ipak, u nasoj studiji svi, osim jednog
bolesnika su dobijali ASA, a sama CALR mutacija nije
bila radena.

Kod bolesnika sa PMF, leCenje se znacajno razliku-
je, i ukoliko nemaju citopeniju, prisutne visokorizi¢ne
molekularne mutacije i imaju normalan kariotip, pre-
porucuje se posmatranje, klini¢ke studije ili upotreba
JAK inhibitora (JAKi) [14]. U suprotnom, za bolesnike
visokog rizika, preporucuje se alogena transplatacija
mati¢nih ¢elija hematopoeze (TMCH) [14]. U na3oj gru-
pi bolesnika iskljucivo je bila dijagnostikovana prePMF,
pa je terapijski pristup bio slican onom kod ET, s ob-
zirom da ove dve bolesti karakteriSe uporediv rizik od
trombotickih komplikacija [28]. Stoga je leCenje podra-
zumevalo primenu aspirina, a nesto vise od trecine bo-
lesnika je bilo le¢eno i citoreduktivnom terapijom $to
je vise u odnosu na procenat bolesnika sa trombozom
(18.2%). Jedna bolesnica, sa progresijom u post-PV MF
nakon 11,5 g od dijagnoze, transplantirana je, ali je pre-
minula zbog nastanka posttransplatacionih komplika-
cija. Vec¢ina bolesnika u nasoj grupi le¢ena je jednom
linijom citoreduktivne terapije, a svega 4,8% bolesnika
je zahtevalo drugu terapijsku liniju, i to HU, INF ili ruk-
solitinib.

Trenutno, ne postoje prognosticki skorovi koji su
specificno dizajnirani ili validirani za procenu mladih
MPN bolesnika. U nasoj kohorti za stratifikaciju rizika,
kako je ranije pomenuto koris¢en je standardni ELN
skor, ali i IPSET srurvival i IPSET thrombosis za bolesni-
ke sa ET i IPSS skor kod bolesnika sa prePMF [15,29,30].
Prema IPSET survival i IPSET thrombosis skorovima naj-
vedi broj bolesnika je pridao grupi niskog rizika, a ni je-
dan bolesnik nije pripadao grupi visokog rizika. Slicno
je i kod prePMF, gdje je IPSS identifikovao bolesnike
uglavnom kao niskorizi¢ne.

Najcesc¢i uzrok smrtnog ishoda u ovoj grupi bole-
snika se pripisuje osnovnoj bolesti, transformaciji ili
komplikacijama koje nastaju nakon TMCH [10]. Litera-
turni podaci ukazuju na to da, iako ne postoji razlika u
ucestalosti transformacije u MF ili AML izmedu mladih i
starijih bolesnika sa MPN, medijana duzine perioda do
transformacije je znacajno duza kod mladih (< 45 g) u
odnosu na starije (> 65 g) bolesnike (19-20 odnosno
7-8 godina) zbog vecée duzne pracenja [11]. Samo kod
dve bolesnice u nasoj kohorti doslo je do progresije u
post-PV MF, $to se moze objasniti kratkom medijanom
pracenja koja je iznosila oko 3 godine. Podaci iz litera-
ture ukazuju da je > 45% transformacija zabelezeno
nakon > 10 godina od postavljanja dijagnoze, pa stoga
duzina pracenja predstavlja bitan faktor [13]. Smrtni is-
hod je nastupio kod dva bolesnika, i to, kako je ranije

most half of the patients with PV were treated with cy-
toreductive therapy, mainly HU, while a smaller num-
ber received INF-alpha. The percentage of those treat-
ed is exceptionally high, taking into account that less
than a quarter of patients were classified as high-risk,
and other reasons for the introduction of therapy were
high thrombocytosis, splenomegaly, pregnancy, or
significant complaints. It is similar to patients with ET,
where all but one belonged to the low-risk group, and
yet 42.9% of patients were treated with cytoreductive
therapy. ELN recommendations regarding the appli-
cation of cytoreductive therapy in patients with ET do
not differ much compared to PV, which cannot be said
for the application of ASA [16]. Low doses of ASA are
recommended in patients with JAK2 mutation, while
caution should be exercised in patients with CALR mu-
tation, given the greater tendency to bleeding [14].
However, in our study, only one patient received ASA,
and the CALR mutation was not performed.

In patients with PMF, treatment varies significantly,
and if they do not have cytopenia, high-risk molecular
mutations are present and have a normal karyotype;
observation, clinical studies, or the use of JAK inhibi-
tors (JAKi) are recommended [14]. Otherwise, for high-
risk patients, allogeneic hematopoietic stem cell trans-
plantation (HSCT) is recommended [14]. In our group
of patients, only prePMF was diagnosed, so the thera-
peutic approach was similar to that of ET, considering
that these two diseases are characterized by a compa-
rable risk of thrombotic complications [28]. Therefore,
the treatment involved the use of aspirin, and slightly
more than a third of patients were treated with cytore-
ductive therapy, which is higher than the percentage
of patients with thrombosis (18.2%). One patient, with
progression to post-PV MF after 11.5 years from diag-
nosis, was transplanted but died due to post-trans-
plantation complications. Most patients in our group
were treated with one line of cytoreductive therapy,
and only 4.8% of patients required a second line of
treatment, namely HU, INF, or ruxolitinib.

Currently, no prognostic scores are specifically
designed or validated for evaluating young MPN pa-
tients. In our risk stratification cohort, as previously
mentioned, the standard ELN score was used for IPSET
survival and IPSET thrombosis for patients with ET and
IPSS score for patients with prePMF [15,29,30]. Accord-
ing to the IPSET survival and IPSET thrombosis scores,
most patients belonged to the low-risk group, and not
a single patient belonged to the high-risk group. It is
similar to prePMF, where the IPSS identified patients
primarily as low-risk.

The most common cause of death in this group of
patients is attributed to the underlying disease, trans-
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navedeno, kod bolesnice sa post PV PMF, usled kom-
plikacija TMCH, a kod drugog bolesnika razlog zbog
sekundarnog maligneta.

ZAKLJUCAK

Adolescenti i mlade odrasle osobe ¢ine posebnu
subpopulaciju unutar MPN, pokazujuéi jedinstvene
karakteristike po kojima se razlikuju od starijih bolesni-
ka. Kao rezultat dugog trajanja bolesti u ovoj starosnoj
grupi, postoji veci rizik od trombotickih dogadaja, po-
sebno tromboza splanhi¢ne cirkulacije, ali i veci rizik od
transformacije u agresivniju formu bolesti zbog duzine
pracenja. Nasa studija pokazuje da vec¢ina mladih bole-
snika sa MPN, prema standardnom ELN skoru, pripada
grupi niskog rizika. Medutim, znacajan broj njih razvija
ozbiljne komplikacije, poput tromboza (25%), simp-
toma, trombocitoze i splenomegalije (> 18 cm), a kao
rezultat, skoro polovina bolesnika se leci citoreduktiv-
nom terapijom.

Ovi podaci ukazuju na potrebu za daljim istraziva-
njima kako bi se razvili prognosti¢ki modeli specifi¢ni
za mlade MPN bolesnike, ¢ime bi se omogucila preci-
znija stratifikacija rizika i optimalan terapijski pristup.
Prisutnost familijarne pojave bolesti ukazuje na potre-
bu za sveobuhvatnim geneti¢kim testiranjem. Upo-
treba NGS (next-generation sequencing) u ispitivanju
epigenetskih mutacija kod mladih bolesnika moze
znacajno doprineti razumevanju genetskih promena
koje uticu na tok bolesti i odgovor na terapiju.

Sukob interesa: Nije prijavljen.
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secondary malignancy.

CONCLUSION

Adolescents and young adults form a particular sub-
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istics distinguishing them from older patients. As a
result of the long duration of the disease in this age
group, there is a higher risk of thrombotic events, es-
pecially thrombosis of the splanchnic circulation, but
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sive form of the disease due to the length of follow-up.
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SAZETAK

Uvod/Cilj: Uznapredovali klasi¢ni Hockinov limfom (UKHL) predstavlja terapijski
izazov zbog znacajnog procenta neuspeha prve terapijske linije. Cilj rada je da se opi-
Se lecenje bolesnika sa UkHL-om u svakodnevnoj klinickoj praksi ABVD protokolom.

Metode: U ovoj retrospektivnoj studiji su ispitivani klinicko-laboratorijski para-
metri, leCenje i ishod bolesnika kod kojih je UKHL dijagnostikovan u periodu od
2016. do kraja 2020. godine.

Rezultati: Kohortu je cinilo 49 bolesnika sa UkHL-om ¢ija je medijana pracenja
bila 47 meseci (opseg: 1-79). Najvaznije klinicko-laboratorijske karakteristike su
sumirane u Tabeli 1.

Svi bolesnici su inicijalno leceni ABVD protokolom. Ukupni odgovor je iznosio 72,3%
(kompletni odgovor = 61,7%; parcijaini odgovor = 10,6%), dok je ostalih 27,7%
pacijenata ispoljilo refraktornost. Jo3 10,6% bolesnika je relapsiralo naknadno.
0d ispitivanih parametara (Tabela 1) samo je poviSena sedimentacija eritrocita
(SE = 50 mm u prvom satu) uticala na krace preZivljavanje bez progresije (PBP),
(medijana PBP = 19 meseci naspram nedostignuta kod bolesnika sa SE < 50mm
u prvom satu; p = 0,039), dok je prisustvo velike tumorske mase (engl. bulky tu-
mor mass/bulky disease) bilo povezano sa kra¢im ukupnim preZivljavanjem (UP),
(p =0,044). Takode, primarno refraktorni bolesnici su imali znacajno krace UP (me-
dijana UP = 54 meseca naspram nedostignuta kod bolesnika sa postignutom remi-
sijom; p = 0,004). Medijana PBP-a i UP-a nije dostignuta; ¢etvorogodisnje PBP i UP
iznosili su 61%, odnosno 89%. Pacijenti koji su leceni autolognom transplantacijom
(AT) u relapsiranoj/refraktornoj (R/R) bolesti imali su duze PBP (p = 0,02), ali ne i
UP. Brentuksimab vedotin (BV) je uspe3no primenjen kod Cetiri od 14 bolesnika, kod
troje u konsolidaciji nakon autologne transplantacije.

Zakljucak: Znacajan broj bolesnika sa UkHL-om ne moze da bude izlecen ABVD
protokolom, vec je neophodno za njih obezbediti intenzivnije lecenje ili inova-
tivne terapije.

Klju¢ne reci: uznapredovali Hockinov limfom, ABVD, preZivljavanje, autologna
transplantacija
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ABSTRACT

Introduction/Aim: Advanced-stage classical Hodgkin lymphoma (AScHL) is
a therapeutic challenge due to chemoresistance. This study aims to present re-
al-world data on the application of the ABVD regimen (doxorubicin, bleomycin,
vinblastine, dacarbazine) in patients with AScHL.

Methods: This retrospective study examines the clinical and laboratory parame-
ters, as well as the treatment and outcome of patients diagnosed with AScHL, in
the period between 2016 and 2020.

Results: The cohort consisted of 49 patients with AScHL. Median follow-up was
47 months (range: T - 79). The most important clinical and laboratory character-
istics are summarized in Table 1.

All patients were initially treated with ABVD. The overall response rate was 72.3%
(complete response = 61.7%; partial response = 10.6%), while 27.7% of patients
exhibited refractoriness. Additionally, 10.6% relapsed at a later stage. Of the in-
vestigated parameters (Table 1), only an elevated erythrocyte sedimentation rate
(ESR) = 50 mm in the first hour) was associated with shorter progression-free
survival (PFS), (median PFS = 19 months vs. not reached (NR), in patients with
ESR < 50 mm in the first hour; p = 0.039), while the presence of bulky disease
was associated with shorter overall survival (0S), (p = 0.044). Also, refractory pa-
tients had significantly shorter 0S (median 0S = 54 months vs. NR in patients who
achieved remission; p = 0.004). The median PFS and 0S were not achieved; four-
year PFS and 0S were 61% and 89%, respectively. Patients treated with autologous
transplantation (AT) in relapsed/refractory disease had a longer PFS (p = 0.02), but
not a longer 0S. Brentuximab vedotin (BV) was successfully used in 4/14 patients,
of whom three patients received it as consolidation treatment after AT.
Conclusion: A significant number of patients with AScHL cannot be cured with
ABVD, thus more intensive treatment or innovative therapies are warranted.

Keywords: advanced-stage Hodgkin lymphoma, ABVD, survival, autologous
transplantation
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uvoD

Klasi¢ni Hockinov limfom (kHL) ¢ini priblizno 95%
svih slu¢ajeva Hoc¢kinovog limfoma. Preostalih 5% su
pacijenti sa histoloskim podtipom Hockinovog limfo-
ma sa nodularnom limfocitnom predominacijom, koji
zahteva znacajno drugacije le¢enje i ima drugadiju
prognozu. U okviru najnovije klasifikacije limfoidnih
maligniteta, Hoc¢kinov limfom sa nodularnom limfo-
citnom predominacijom je reklasifikovan kao nodu-
larni limfocitno-predominantni B-celijski limfom [1,2].
Klasi¢ni HL pokazuje bimodalnu starosnu distribuciju
i dijagnostikuje se nakon ekscizione biopsije limfnih
¢vorova i histopatoloske i imunohistohemijske potvr-
de CD30-pozitivnih Rid-Sternbergovih i srodnih tu-
morskih celija u okruzenju koje obiluje inflamatornim
celijama [3,4]. Stadijum bolesti i stratifikacija rizika kod
pacijenata sa kHL-om oslanjaju se na En Arbor klasifi-
kaciju i prisustvo faktora rizika, razlicito definisanih u
razli¢itim studijskim grupama [5].

Kombinovana hemioterapija (HT) sa ili bez radiote-
rapije (RT) je decenijama bila osnova lecenja kHL-a [6].
Pacijenti se mogu izleciti u oko 90% slucajeva u ranoj
fazi, dok se pacijenti sa uznapredovalim stadijumom
klasicnog Hockinovog limfoma (UkHL) suocavaju sa
25% - 30% rizika od hemorezistencije ili relapsa [3,7].
Modalitet kombinovanog le¢enja (HT + RT) nudi bolju
dugoroc¢nu kontrolu bolesti nego sama hemioterapija
u ranoj fazi bolesti ali po cenu znacajno ¢esce kasne
toksi¢nosti, ukljucujudi sr¢anu i tiroidnu disfunkciju i
solidne tumore. Pojava drugih kasnih nezeljenih do-
gadaja kao sto su neplodnost, plu¢na bolest, akutna
leukemija i mijelodisplasti¢ni sindrom vise zavisi od in-
tenziteta hemioterapije [8-10].

U pogledu bezbednosti i efikasnosti, istorijski po-
stoje dva glavna konkurentna pristupa lecenju UkHL-a:
eskalirani BEACOPP protokol (BEACOPPesc), (bleomi-
cin, etopozid, doksorubicin, ciklofosfamid, vinkristin,
prokarbazin i prednizon) Nemacke studijske grupe za
Hockinov limfom (engl. German Hodgkin Study Group
- GHSG), koji obezbeduje bolju kontrolu bolesti ali po
cenu vece stope i akutne i kasne toksi¢nosti, i ABVD
(doksorubicin, bleomicin, vinblastin i dakarbazin) pro-
tokol - ¢vrsto utemeljena kombinovana hemioterapi-
ja koja se primenjuje Sirom sveta, sa manje nezeljenih
efekata, ali ujedno sa slabijom dugoro¢nom kontrolom
bolesti. Nekoliko klini¢kih ispitivanja zasnovanih na
lecenju koje je vodeno pozitronskom emisionom to-
mografijom/kompjuterskom tomografijom (PET/CT)
bilo je usmereno na smanjenje intenziteta terapije kod
priviemeno PET negativnih pacijenata sa UkHL-om i,
posledi¢no, na smanjenje toksi¢nosti, uz o¢uvanu efi-
kasnost lecenja [11-13]. Novi oblici lecenja, kao $to je
kombinacija brentuksimab vedotina (BV) i tradicional-

INTRODUCTION

Classical Hodgkin lymphoma (cHL) accounts for ap-
proximately 95% of all HL cases. The remaining 5%
are patients with nodular lymphocyte-predominant
Hodgkin lymphoma, a histological subtype with sig-
nificantly different treatment and prognosis. Within
the most recent classification of lymphoid malignan-
cies, nodular lymphocyte-predominant HL has been
reclassified as nodular lymphocyte-predominant B-cell
lymphoma [1,2]. Classical HL exhibits bimodal age dis-
tribution and is diagnosed after excisional lymph node
biopsy and histopathological and immunohistochemi-
cal confirmation of CD30-positive Reed-Sternberg and
related tumor cells in an abundant inflammatory back-
ground [3,4]. Disease staging and risk stratification of
cHL patients rely on the Ann Arbor classification and
the presence of risk factors, defined differently across
different study groups [5].

Combined chemotherapy (ChT) with or without ra-
diotherapy (RT) has been the mainstay of treating cHL
for decades [6]. Patients can be cured in around 90% of
early-stage cases, while patients with advanced-stage
classical Hodgkin lymphoma (AScHL) face a 25% - 30%
risk of chemoresistance or relapse [3,7]. Combined
modality treatment (ChT + RT) offers better long-term
disease control than ChT alone in early-stage disease,
however, at the cost of significantly more frequent late
toxicities, including cardiac and thyroid dysfunction
and solid tumors. The occurrence of other late events
such as infertility, pulmonary disease, acute leukemia,
and myelodysplastic syndrome rather depends on ChT
intensity [8-10].

In terms of safety and efficacy, historically there
have been two main competing approaches to treat-
ing AScHL: the German Hodgkin Study Group (GHSG)
BEACOPP escalated regimen (BEACOPPesc) (bleomy-
cin, etoposide, doxorubicin, cyclophosphamide, vin-
cristine, procarbazine, and prednisone), producing
better disease control at the cost of higher rates of
both acute and late toxicities, and the ABVD (doxorubi-
cin, bleomycin, vinblastine, and dacarbazine) regimen,
a well-established combined ChT applied world-wide,
with fewer adverse effects, but also inferior long-term
disease control. Several clinical trials based on positron
emission tomography/computed tomography (PET/
CT) quided treatment were aimed at reducing treat-
ment intensity in interim PET-negative AScHL patients
and, consequently, reducing toxicity with preserved
treatment efficacy [11-13]. New forms of treatment,
such as brentuximab vedotin (BV) combined with tra-
ditional ChT have improved progression-free and over-
all survival, at the same time achieving reduced toxic-
ity [14,15].
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ne hemioterapije, poboljsali su prezivljavanje bez pro-
gresije bolesti kao i ukupno prezivljavanje, istovreme-
no postizuc¢i smanjenje toksi¢nosti [14,15].

Osnova lecenja pacijenata sa relapsiranim/refraktor-
nim (R/R) kHL-om je hemioterapija koja ne ispoljava una-
krsnu rezistenciju prac¢ena visokodoznom hemioterapi-
jom (engl. high-dose chemotherapy — HDC) i autolognom
transplantacijom mati¢nih ¢elija hematopoeze (ATMCH)
kod hemiosenzitivnih pacijenata. Ovaj pristup dovodi
do dugotrajne kontrole bolesti u priblizno 50% slucajeva
[16]. PrezZivljavanje je dodatno poboljsano uvodenjem
novih terapija, kao 5to su BV i inhibitori imunskih kon-
trolnih tacaka (anti-PD1 antitela). Pokazalo se da je me-
sto novih terapija u le¢enju pacijenata sa relapsiranim/
refraktornim (R/R) Hockinovim limfomom u premosca-
vanju do ATMC i odrzavanju nakon ATMC, kao i u kom-
binaciji sa hemioterapijom spasavanja (engl. salvage
chemotherapy - salvage ChT) pre ATMC [7]. Monoterapija
kod hemiorezistentnih pacijenata i pacijenata koji ne is-
punjavaju kriterijume za ATMC nije pokazala uspe3nost
u obezbedivanju dugorocne kontrole bolesti [17,18].

Postoji nekoliko studija koje opisuju iskustva iz sva-
kodnevne klini¢ke prakse u primeni ABVD protokola kod
pacijenata sa UkHL-om [19-22]. Neophodno je prikupiti
iskustva iz svakodnevne prakse izvan klinickih ispitiva-
nja, odnosno kontrolisanih okolnosti, kako bi se dobila
Sira slika ishoda leCenja kod pacijenata sa UkHL-om.

Ova studija ima za cilj da ispita ishode pacijenata sa
UkHL-om koji su le¢eni ABVD protokolom u nasem cen-
tru u periodu od pet godina, te da identifikuje faktore
rizika za neuspeh leCenja i proceni ishode pacijenata
kod kojih le¢enje ABVD protokolom nije bilo uspe3no.

MATERIJALI | METODE
Pacijenti i ishodi le¢enja

Sproveli smo retrospektivnu unicentri¢nu studiju kako
bismo analizirali ishode 49 pacijenata sa dijagnozom
UkHL-a u skladu sa GHSG-om [5]. Ovim pacijentima
je dijagnostikovan kHL tokom petogodisnjeg perioda
izmedu januara 2016. i decembra 2020. godine. Paci-
jenti su leceni su na Klinici za hematologiju Univerzi-
tetskog klini¢ckog centra Srbije, u Beogradu. Dijagnoza
je postavljena nakon biopsije uvecanih limfnih ¢vorova
i histopatoloskog pregleda tumorskog tkiva od strane
iskusnog hematopatologa. Pacijenti su podvrgnuti
standardnim hematoloskim pregledima bez inicijal-
nog PET/CT pregleda, dodeljen im je klini¢ki stadijum
prema En Arbor klasifikaciji i svrstani su u odgovara-
jucu terapijsku grupu (engl. advanced stage - AS) pre-
ma GHSG stratifikaciji rizika [5]. Klinicki i laboratorijski
parametri pri postavljanju dijagnoze su prikupljeni iz
bolni¢ke dokumentacije pacijenata i korelirani sa isho-
dom lecenja i vremenom prezivljavanja. Terapijski od-

The cornerstone of treating relapsed/refractory
(R/R) cHL patients is non-cross-resistant ChT followed
by high-dose ChT (HDC) and autologous stem cell
transplantation (ASCT) in chemosensitive patients.
This approach leads to long-term disease control in
approximately 50% of cases [16]. Survival is further
improved by introducing novel therapies, such as BV
and immune checkpoint inhibitors (anti-PD1 antibod-
ies). Bridging to and maintenance after ASCT, as well
as combination with salvage ChT prior to ASCT seem
to be the most appropriate ways to use these novel
therapies in the relapsed/refractory (R/R) setting [7].
Monotherapy in chemoresistant and ASCT-ineligible
patients failed to provide long-term disease control
[17,18].

There are several studies describing real-world ex-
perience with ABVD in patients with AScHL [19-22]. It
is necessary to gather experience from daily practice
outside trials, i.e., controlled circumstances, in order
to get a broader overview of treatment outcomes in
AScHL patients.

This study aims to examine the outcomes of AScHL
patients treated with ABVD at our center over a period
of five years, identify risk factors for treatment failure,
and assess the outcomes of patients who had experi-
enced ABVD treatment failure.

MATERIALS AND METHODS
Patients and treatment outcomes

We conducted a single-center retrospective study to
analyze the outcomes of 49 patients diagnosed with
AScHL as per the GHSG [5]. These patients were diag-
nosed with cHL during the five years between January
2016 and December 2020 and were treated at the Clin-
ic for Hematology of the University Clinical Center of
Serbia, in Belgrade. The diagnosis was established fol-
lowing the biopsy of enlarged lymph nodes and histo-
pathological examination of tumor tissue by an expe-
rienced hematopathologist. The patients underwent
standard hematological work-up with no initial PET/CT
examination. They were assigned an Ann Arbor clinical
stage and the appropriate treatment group (advanced
stage — AS) according to the GHSG risk stratification
[5]. Clinical and laboratory parameters at diagnosis
were collected from patient hospital records and cor-
related with the treatment outcome and survival time.
Treatment response and disease relapse were assessed
according to the Lugano Criteria [23]. All patients were
initially treated with the ABVD regimen which consist-
ed of doxorubicin (25 mg/m?), (bleomycin 10 mg/m?),
(vinblastine 6 mg/m?), and dacarbazine (375 mg/m?).
Progression-free survival was calculated as the number
of months from treatment initiation to disease relapse
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govor i relaps bolesti su procenjeni prema Lugano kri-
terijumima [23]. Svi pacijenti su inicijalno le¢eni ABVD
protokolom koji se sastojao od doksorubicina (25 mg/
m?), bleomicina (10 mg/m?), vinblastina (6 mg/m?) i da-
karbazina (375 mg/m?). PrezZivljavanje bez progresije je
izraCunato kao broj meseci od pocetka leCenja do re-
lapsa bolesti ili smrti usled bilo kojeg uzroka, Sta god sa
prvo dogodi. Ukupno prezivljavanje je definisano kao
vreme u mesecima od dijagnoze do smrtiili do datuma
cenzorisanja na poslednjoj kontroli. Ispitali smo da li su
klju¢ni demografski i klinicki parametri povezani sa te-
rapijskim odgovorom, prezivljavanjem bez progresije i
ukupnim prezivljavanjem.

Studija je sprovedena prema Helsinskoj deklaraciji
iz 1964. godine i odobrena od strane Etickog komiteta
Medicinskog fakulteta Univerziteta u Beogradu, Beo-
grad, Srbija.

Statisticka analiza

Kategoricke varijable su predstavljene kao apsolut-
ni brojevi i frekvencije, dok su kontinuirane varijable
predstavljene kao medijana sa opsegom, srednje vred-
nosti sa standardnom devijacijom (SD) i devedesetpe-
toprocentni interval poverenja (engl. 95% confidence
interval — 95% Cl). Distribucija podataka je procenjena
pomocu Sapiro-Vilk testa. Povezanost izmedu kate-
gorickih varijabli analizirana je FiSerovim egzaktnim
testom i Hi-kvadratnim testom. Vreme prezivljavanja
pacijenata je analizirano prema Kaplan-Majerovom
modelu. Razlike u distribuciji prezivljavanja medu gru-
pama pacijenata na osnovu razlicitih karakteristika pa-
cijenata definisane su pomocu log-rank testa.

Za statisticku analizu koriscen je softver SPSS 21.0
(IBM). Sve analize su izvrSene na osnovu dvostranih p
vrednosti, a znacajnost je definisana kao p < 0,05.

REZULTATI
Opis kohorte

Medijana pracdenja je bila 47 meseci (opseg: 1 — 79).
Medijana starosti pacijenata u trenutku uspostavljanja
dijagnoze je bila 34 godine (opseg: 18 — 74). Muskarci
su bili zastupljeni u kohorti 1,6 puta vise od zena. Uce-
stalosti histoloskih podtipova su bile sledece: nodular-
na skleroza 73,8%, mesovita celularnost 9,5%, limfocit-
na deplecija 2,4%, limfocitima bogat 7,1%, kombinova-
na nodularna skleroza/mesovita celularnost 7,1%, dok
je sedam pacijenata bilo neklasifikovano. Pacijenti su
klasifikovani na osnovu klasifikacije Evropske organiza-
cije za istrazivanje i lecenje raka (engl. European Orga-
nisation for Research and Treatment of Cancer — EORTC)
i Asocijacije za istrazivanje limfoma (engl. Lymphoma
Study Association — LYSA). Sedam (14,3%) pacijenata je

or death from any cause, whatever occurred first. Over-
all survival was defined as the time in months from di-
agnosis to death or to the date of censoring at the lat-
est follow-up. We examined whether key demographic
and clinical parameters were associated with treat-
ment response, progression-free survival, and overall
survival.

The study was conducted per the 1964 Helsinki
Declaration and approved by the Ethics Committee
of the University of Belgrade School of Medicine, Bel-
grade, Serbia.

Statistical Analysis

Categorical variables are presented as absolute num-
bers and frequencies, while continuous variables are
presented using medians with ranges, means with
standard deviation (SD), and a 95% confidence interval
(95% Cl). The data distribution was assessed using the
Shapiro-Wilk test. The association between categori-
cal variables was analyzed using the Fisher exact test
and the Chi-square test. Survival times were analyzed
according to the Kaplan-Meier estimator. Survival dis-
tribution differences among patient groups based on
various patient characteristics were defined using the
log-rank test.

SPSS 21.0 software (IBM) was used for statistical
analysis. All analyses were performed based on two-
tailed p values and significance was defined as p < 0.05.

RESULTS
Cohort description

The median follow-up was 47 months (range: 1 — 79).
The median age when the diagnosis was established
was 34 years (range: 18 — 74). Men were represented in
the cohort 1.6 times more than women. The frequen-
cies of histological subtypes were as follows: nodular
sclerosis 73.8%, mixed cellularity 9.5%, lymphocyte de-
pletion 2.4%, lymphocyte rich 7.1%, combined nodular
sclerosis/mixed cellularity 7.1%, while seven patients
were unclassified. The patients were classified based
on the European Organisation for Research and Treat-
ment of Cancer (EORTC) and Lymphoma Study Associ-
ation (LYSA) classification. Seven (14.3%) patients were
classified as being in the intermediate stage, while 42
(85.7%) patients were classified as being in the ad-
vanced stage (AS). According to the Ann Arbor staging
system, seven (14.3%) patients were classified as being
in stage I, 26 (53%) patients as being in stage Ill, and
16 (32.7%) patients were classified as being in stage IV.
Thirty-eight (77.6%) patients presented with B symp-
toms, 58% exhibited a bulky mass > 7 cm, while 30%
of the patients had a bulky mass > 10 cm. More than
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Tabela 1. Klinicke karakteristike pacijenata sa UkHL-om

Table 1. Clinical characteristics of AScHL patients

Starost (godine), medijana (opseq) / Age (years), median (range)

34(18-74)

Pol, n (%) / Gender, n (%)

Muski / Male

30(61.2%)

Zenski/ Female 19 (38.8%)
EORTC/LYSA stadijum, n (%) / EORTC/LYSA stage, n (%)

Intermedijarni / Intermediate 7(14.3%)

Uznapredovali / Advanced 42 (85.7%)
En Arbor stadijum, n (%) / Ann Arbor stage, n (%)

Il 7(14.3%)

I1l 26 (53%)

IV 16 (32.7%)

B simptomi, n (%) / B symptoms, n (%)

A 11(22.4%)

B 38 (77.6%)
Velika tumorska masa > 7 cm, n (%) / Bulky disease > 7 cm, n (%) 25 (58%)
Velika tumorska masa > 10 cm, n (%) / Bulky disease = 10 cm, n (%) 12 (30%)
Ekstranodalna bolest, n (%) / Extranodal disease, n (%) 15(34.8)
IPS, n (%) /1PS, n (%)

0-2 19 (54.3%)
3-7 16 (45.7%)
Hb (g/1), srednja vrednost = SD / Hb (g/1), mean = SD 118.73 +£22.90
WBC (x10°/1), medijana (opseg) / WBC (x10°/1), median (range) 9.7 (1.6—-25.0)
Ly (x10°/1), medijana (opseq) / Ly (x10/l), median (range) 1.12(0.14—4.18)
PLT (x10°/1), srednja vrednost = SD / PLT (x10°/), mean + SD 348.250 + 125.662

ESR (mm u prvom satu), medijana (opseg) / ESR (mm in the T hour), median (range) 59 (14 —120)

CRP (mg/1), medijana (opseg) / CRP (mg/l), median (range)

56.35 (5.6 —361.7)

UKHL — uznapredovali klasicni Hockinov limfom (engl. advanced stage classical Hodgkin
lymphoma — AscHL); EORTC/LYSA - Evropska organizacija za istrazivanje i lecenje raka,
engl. European Organisation for Research and Treatment of Cancer — EORTC/Asocijacija za
istrazivanje limfoma, engl. Lymphoma Study Association — LYSA; IPS — medunarodni pro-
gnosticki skor; engl. International Prognostic Score; Hb — hemoglobin; SD — standardna
devijacija; WBC - bela krvna zrnca, engl. white blood cells; Ly — limfociti, engl. ymphocytes;
PLT — trombociti, engl. platelets; ESR — sedimentacija eritrocita, engl. erythrocyte sedimen-
tation rate; CRP — C-reaktivni protein

klasifikovano u grupu onih u intermedijarnom stadiju-
mu, dok je 42 (85,7%) pacijenta klasifikovano u grupu
onih koji su u uznapredovalom stadijumu (engl. advan-
ce stage — AS) bolesti. Prema En Arbor klasifikaciji, se-
dam (14,3%) pacijenata je bilo u Il stadijumu, 26 (53%)
pacijenata u lll stadijumu, a 16 (32,7%) pacijenata je
bilo u IV stadijumu bolesti. Trideset osmoro (77,6%)
pacijenata je imalo B simptome, 58% je pokazalo pri-
sustvo velike tumorske mase (engl. bulky tumor mass/
bulky disease) dimenzija = 7 cm, dok je 30% pacijenata
imalo veliku tumorsku masu dimenzija = 10 cm. Vise
od 90% slucajeva velike tumorske mase je bilo locirano
u medijastinumu. Petnaest (34,8%) pacijenata je imalo

AScHL — advanced stage classical Hodgkin lymphoma; EORTC/LYSA — European Organisati-
on for Research and Treatment of Cancer/Lymphoma Study Association; IPS — International
Prognostic Score; Hb — hemoglobin; SD — standard deviation; WBC — white blood cells; Ly —
lymphocytes; PLT — platelets; ESR — erythrocyte sedimentation rate; CRP — (-reactive protein

90% of cases of a bulky mass were mediastinal. Fifteen
(34.8%) patients presented with extranodal disease
(END), of whom 1/3 had two extranodal localizations.
Fifteen out of 42 patients (35.7%) exhibited spleen in-
volvement. A low International Prognostic Score (IPS)
was calculated in 19/35 (54.3%) patients, and a high IPS
was found in 16/35 (45.7%) patients. The basic clinical
and laboratory parameters are summarized in Table 1.

First-line treatment and outcomes

All patients received upfront ABVD treatment. Interim
PET/CT was done in 12 patients with modification of
further treatment intensity in six patients: three pa-
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ekstranodalnu bolest (engl. extranodal disease — END),
od kojih je 1/3 imala dve ekstranodalne lokalizacije.
Petnaest od 42 (35,7%) pacijenta je pokazalo zahva-
¢enost slezine. Nizak medunarodni prognosticki skor
(engl. International Prognostic Score — IPS) izraCunat je
kod 19/35 (54,3%) pacijenata, dok je visok IPS utvrden
kod 16/35 (45,7%) pacijenata. Sazeti prikaz osnovnih
klinickih i laboratorijskih parametara dat je u Tabeli 1.

Prva terapijska linija i ishodi lecenja

Svi pacijenti su primili ABVD indukcionu terapiju. Kod
12 pacijenata je uradena/ucinjena rana procena PET/
CT pregledom sa modifikacijom daljeg intenziteta le-
Cenja kod Sest pacijenata: tri pacijenta su presla na BEA-
COPPesc, dok je kod tri pacijenta bleomicin izostavljen
i leCenje je nastavljeno AVD-om. Sveukupno gledano,
medijana broja ciklusa primenjenih u prvoj terapijskoj
liniji iznosila je Sest ciklusa hemoterapije (opseg: 3 - 8).
Deset od 45 (22%) pacijenata je podvrgnuto adjuvan-
tnoj terapiji zra¢enjem. Ukupni odgovor je potvrden
u 72,3% slucajeva (potpuni odgovor (engl. complete
response — CR) 61,7%; delimi¢ni odgovor (engl. partial
response — PR) 10,6%), dok je preostalih 27,7%, odno-
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tients switched to BEACOPPesc, while in three patients
bleomycin was discontinued and treatment was con-
tinued with AVD. Overall, patients received a median
of six cycles of chemotherapy (range: 3 - 8) as first-line
treatment. Ten out of 45 (22%) patients underwent
adjuvant radiation therapy. Overall response was con-
firmed in 72.3% of the cases (complete response (CR)
61.7%; partial response (PR) 10.6%), while the remain-
ing 27.7%, i.e., 13 patients had primary refractory dis-
ease. Additionally, 5 (10.6%) patients relapsed after a
median of 19 months (range: 8 — 33). No statistically
significant differences in response to first-line treat-
ment regarding gender, age (cut-off value 50 years),
Ann Arbor and EORTC/LYSA stage, presence of B symp-
toms, presence of END, bulky disease (= 7 cm), eryth-
rocyte sedimentation rate (ESR) = 50 mm in the first
hour, risk group according to IPS, and administered RT
were observed. Median PFS (Figure 1) and OS (Figure
2) for the whole cohort were not reached, while the
mean PFS and OS were 51.991 months (95% Cl 42.290
-61.692) and 71.017 months (95% Cl 64.558 - 77.475),
respectively. On the other hand, the four-year PFS was
61%, and the four-year OS was 89%. Patients with ESR

— PBP / PFS
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Slika 1. Prezivljavanje bez progresije u celoj kohorti
Medijana PBP-a nije dostignuta; srednja vrednost = 51,991 mesec; 95% (I 42,290 —
61,692 meseca; etvorogodisnje PBP iznosilo je 61%

Figure 1. Progression-free survival for the whole cohort
Median PFS was not reached; mean = 51.991 months; 95% (I 42.290 — 61.692 months;
four-year PFS was 61%.
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Slika 2. Ukupno preZivljavanje u celoj kohorti
Medijana UP-a nije dostignuta; srednja vrednost = 71,017 meseci; 95% Cl 64,558 —
77,475 mesedi; Cetvorogodisnje UP je bilo 89%

QIO

Figure 2. Overall survival for the whole cohort
Median 0S was not reached; mean = 71.017 months; 95% Cl 64.558 — 77.475 months;
four-year 0S was 89%
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Slika 3. Sedimentacija eritrocita i prezivljavanje bez progresije

Niska (ESR < 50 mm u prvom satu): medijana nije dostignuta; srednja vrednost = 60,385
meseci; 95% Cl 44,747 — 76,022 meseca

Visoka (ESR = 50 mm u prvom satu): medijana = 19 mesedi; 95% Cl nije utvrden;
p=0,039, log-rank test

Figure 3. Erythrocyte sedimentation rate and progression-free survival

Low (ESR < 50 mm in the 1st hour): median not reached; mean = 60.385 months; 95%
(144.747 - 76.022 months

High (ESR = 50 mm in the 1st hour): median = 19 months; 95% Cl not determined;
p=0.039, log-rank test
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Slika 4. 0dgovor na prvu terapijsku liniju i ukupno preZivljavanje

Pacijenti koji su dostigli cr/pr: medijana nije dostignuta; srednja vrednost = 75,885
meseci; 95% (169,987 — 81,783 meseca

Pacijenti sa refraktornom bolescu (rf): medijana = 54 meseca; 95% Cl 35,150 — 72,850
meseci; p = 0,004, log-rank test

cr — kompletni odgovor (engl. complete response); pr — parcijalni odgovor (engl. partial
response); rf — refraktorna bolest

sno 13 pacijenata, imalo primarno refraktornu bolest.
Nadalje, pet (10,6%) pacijenata je imalo relaps nakon
medijane od 19 meseci (opseg: 8 — 33). Nema statisticki
znacajnih razlika u odgovoru na prvu terapijsku liniju u
odnosu na pol, starost (grani¢na vrednost 50 godina),
En Arbor i EORTC/LYSA stadijum, prisustvo B simptoma,
prisustvo ekstranodalne bolesti, prisustvo velike tu-
morske mase (= 7 cm), sedimentaciju eritrocita (engl.
erythrocyte sedimentation rate — ESR) = 50 mm u prvom
satu, rizi¢nu grupa prema IPS-u i primenjenu radiotera-
piju. Medijane PBP-a (Slika 1) i UP-a (Slika 2) za celu ko-
hortu nisu dostignute, dok su srednje vrednosti PBP-a i
UP-a bile 51,991 mesec (95% C/ 42,290 - 61,692), odno-
sno 71,017 meseci (95% Cl 64,558 — 77,475). Sa druge
strane, ¢etvorogodisnje PBP je bilo 61%, a ¢etvorogo-
di$nje UP je bilo 89%. Pacijenti sa ESR = 50 mm u pr-
vom satu su imali kra¢e PBP nakon ABVD, u poredenju
sa pacijentima sa ESR < 50 mm u prvom satu (medija-
na PBP = 19 meseci naspram nedostignuta; p = 0,039,
log-rank test), (Slika 3). Pol, starost (grani¢na vrednost
50 godina), EORTC/LYSA stadijum (intermedijarni na-

Figure 4. Response to first-line treatment and overall survival

Patients who achieved cr/pr: median not reached; mean = 75.885 months; 95% (I
69.987 — 81.783 months

Patients with refractory disease (rf): median = 54 months; 95% ClI 35.150 — 72.850
months; p = 0.004, log-rank test

cr— complete response; pr — partial response; rf — refractory disease

> 50 mm in the first hour had shorter PFS after ABVD,
as compared to the patients with ESR < 50 mm in the
first hour (median PFS = 19 months vs. not reached, re-
spectively; p = 0.039, log-rank test) (Figure 3). Gender,
age (cut-off value 50 years), EORTC/LYSA stage (inter-
mediate vs. advanced), presence of B symptoms, pres-
ence of END, bulky disease, IPS (0 - 2 vs. 3 - 7), and
administered RT were not significant regarding PFS.
Patients who were refractory to first-line treatment
had significantly shorter OS, as compared to the pa-
tients who achieved CR/PR (median OS = 54 months
vs. not reached; p = 0.004, log-rank test), (Figure 4). Ad-
ditionally, patients who presented with a large tumor
mass (bulky mass > 7 cm) experienced significantly
decreased OS, as compared to the patients without a
bulky mass (p = 0.044, log-rank test), (Figure 5). OS did
not differ significantly in relation to gender, age (cut-
off value 50 years), EORTC/LYSA stage, presence of B
symptoms, END at presentation, ESR, IPS (0-2vs.3-7),
and RT within first-line treatment.
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Slika 5. Prisustvo velike tumorske mase i ukupno preZivljavanje

Pacijenti bez prisustva velikih tumorskih masa (Ne): srednja vrednost i medijana nisu
utvrdene (bez dogadaja)

Pacijenti sa velikom tumorskom masom (> 7 cm), (Da): medijana nije dostignuta; sred-
nja vrednost = 61,412 meseca; 95% Cl 51,435 — 71,389 meseci (znacajno krace UP);
p=0,044, log-rank test

spram uznapredovalog), prisustvo B simptoma, prisu-
stvo ekstranodalne bolesti, prisustvo velike tumorske
mase, IPS (0 - 2 naspram 3 — 7) i primenjena RT nisu
bili znacajni za PBP. Pacijenti koji su bili refraktorni na
prvu terapijsku liniju su imali znac¢ajno krace UP u po-
redenju sa pacijentima koji su dostigli CR/PR (medijana
UP = 54 meseca naspram nedostignuta; p = 0,004, log-
rank test), (Slika 4). Pored toga, pacijenti koji su imali
veliku tumorsku masu (= 7 cm) su imali znacajno sma-
njeno UP, u poredenju sa pacijentima bez velike tumor-
ske mase (p = 0,044, log-rank test), (Slika 5). UP se nije
znacajno razlikovalo u odnosu na pol, starost (grani¢na
vrednost 50 godina), EORTC/LYSA stadijum, prisustvo B
simptoma, prisustvo ekstranodalne bolesti, ESR, IPS (0
— 2 naspram 3 - 7) i RT u okviru prve terapijske linije.

Ishod kod pacijenata sa relapsiranom/
refraktornom bolescu

Medu 18 bolesnika sa relapsiranom/refraktornom bo-
les¢u (od kojih je 13 pacijenata imalo primarni refrak-
torni HL, a pet je relapsiralo), 17 pacijenata je le¢eno

Figure 5. Bulky disease and overall survival

Patients without bulky disease (No): mean and median not determined (no events)
Patients with bulky mass > 7 cm (Yes): median not reached; mean = 61.412 months;
95% (151.435 — 71.389 months (significantly shorter 0S); p = 0.044, log-rank test

The outcome of relapsed/refractory patients

Among the 18 R/R patients (of whom 13 patients
had primary refractory HL and five relapsed), 17 were
treated with salvage ChT + ASCT following HDC. Pa-
tients treated with HDC + ASCT after salvage ChT had
a significantly longer PFS than those without ASCT
(p = 0.020, log-rank test), (Figure 6), however, with no
confirmed significant advantage in OS. Fourteen pa-
tients with R/R disease received BV in monotherapy,
of whom three were consolidated after ASCT (all in
sustained CR after BV), while 11 patients were treated
with BV following a median of three lines of therapy
(range: 2 — 4). Of the eleven patients, only one patient
achieved CR, one was still on BV at the latest follow-up,
while the other nine patients were refractory. The me-
dian number of administered BV cycles was 12.

DISCUSSION

Currently, there are various recommendations for the
upfront treatment of AScHL [5,24,25]. In keeping with
the results of the recent major clinical trials and sub-
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Slika 6. Autologna transplantacija maticnih celija hematopoeze i PBP kod R/R
uznapredovalog Hockinovog limfoma

ATMCH: medijana = 14 meseci; 95% C| 8,174 — 36,174 meseci

Bez ATMC: medijana = 2 meseca; 95% (1 0,337 — 3,663 meseci

Pacijenti koji su primili HDC + ATMC nakon hemioterapije spasavanja imali su znacajno
duze PBP od pacijenata bez ATMC (p = 0,020, log-rank test).

hemioterapijom spasavanja = ATMC nakon visoko-
dozne hemioterapije (HDC). Pacijenti le¢eni pomocu
HDC + ATMC nakon hemioterapije spasavanja su imali
znacajno duze PBP od onih kod kojih nije primenje-
na ATMC (p = 0,020, log-rank test), (Slika 6), medutim,
bez potvrdene znacajne prednosti za UP. Cetrnaest
pacijenata sa R/R boles¢u je primilo BV u monotera-
piji, od kojih je tri konsolidovano nakon ATMC (svi sa
dugotrajnim CR-om nakon BV), dok je 11 pacijenata
le¢eno BV-om nakon medijane od tri terapijske linije
(opseq: 2 — 4). Od tih 11 pacijenata, samo jedan pa-
cijent je postigao CR, jedan je jo$ uvek bio na BV-u
na poslednjoj kontroli, dok je ostalih devet pacijenata
bilo refraktorno. Medijana primenjenih ciklusa BV-a
bila je 12.

DISKUSIJA

Trenutno postoje razlicite preporuke za indukciono le-
¢enje UkHL-a [5,24,25]. U skladu sa rezultatima nedav-
nih velikih klini¢kih ispitivanja i sledstveno azuriranim
relevantnim smernicama za lecenje, klinicari mogu da
biraju izmedu konvencionalnih hemioterapijskih opci-
ja (ABVD ili BEACOPPesc) i kombinacije BV i hemiotera-
pije [15,26]. Kljucni cilj lecenja je postizanje maksimal-
ne terapeutske koristi uz izbegavanje akutnih i kasnih

Figure 6. Autologous stem cell transplantation and PFS in R/R advanced Hod-
gkin lymphoma

ASCT: median = 14 months; 95% Cl 8.174 — 36.174 months

No ASCT: median = 2 months; 95% Cl 0.337 — 3.663 months

Patients who received HDC + ASCT after salvage ChT experienced significantly longer PFS
than those without ASCT (p = 0.020, log-rank test).

sequently updated relevant treatment guidelines, cli-
nicians can choose between conventional ChT options
(ABVD or BEACOPPesc) and a combination of BV and
ChT [15,26]. The key objective of the treatment is to
get maximal therapeutic benefits while avoiding acute
and late side effects that could jeopardize the patients’
quality of life and survival.

Lower rates of remission in our study than in other
real-world studies can be explained by the fact that a
significant number of patients from the cohort were
diagnosed in 2019 and 2020 and were treated during
the coronavirus disease of 2019 (COVID-19) pandemic
with probable treatment delays and subsequent neg-
ative impact on outcomes [20,22,27]. However, this is
only a speculation as we did not collect information
about COVID-19 and treatment delay from the records
of the patients in our cohort. Additionally, although
most refractory patients were eventually treated at our
institution with completely accessible medical records,
a number of patients who achieved adequate disease
control were subsequently followed up by hematolo-
gists in their local area, which removed them from the
reach of our institution, making such patients not fully
eligible for this study.

After a four-year follow-up of the patients in our
cohort, PFS was 61%, and OS was 89%. It is notewor-
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nezeljenih efekata koji bi mogli da ugroze kvalitet Zivo-
ta i prezivljavanje pacijenata.

Nize stope remisije u nasoj studiji nego u drugim
studijama iz svakodnevne klinicke prakse mogu se
objasniti ¢injenicom da je znacajan broj pacijenata iz
ove kohorte dijagnostikovan 2019. i 2020. godine. Ovi
pacijenti su le¢eni tokom pandemije koronavirusne bo-
lesti 2019 (KOVID-19), te je kod njih verovatno doslo do
odlaganja le¢enja i posledi¢nog negativnog uticaja na
ishode [20,22,27]. Medutim, ovo je samo nasa pretpo-
stavka jer nismo prikupili informacije o KOVID-19 obo-
lienju i kaSnjenju u lecenju iz dokumentacije pacijenata
u nasoj kohorti. Osim toga, iako je vecina refraktornih
pacijenata na kraju leCena u nasoj ustanovi sa potpuno
dostupnom medicinskom dokumentacijom, jedan broj
pacijenata koji je postigao adekvatnu kontrolu bolesti,
nakon toga je pracen od strane hematologa na njiho-
voj teritoriji stanovanja, $to ih je ucinilo nedostupnim
za pracenje od strane nase ustanove, a samim tim oni
nisu u potpunosti ispunili kriterijume za ovu studiju.

Nakon ¢etvorogodisnjeg pracenja pacijenata u na-
50j kohorti, PBP je bilo 61% dok je UP bilo 89%. Vazno
je napomenuti da je UP bilo duze u nasoj studiji nego
u prethodnoj velikoj kohortnoj studiji iz nase ustanove,
koju su sproveli Andeli¢ i saradnici (¢etvorogodisnje UP
od 89% naspram petogodisnjeg UP od 76%), najvero-
vatnije zbog dostupnosti novih terapijskih modaliteta
za lecenje pacijenata sa R/R kHL-om u Srbiji poslednjih
godina [22]. S druge strane, ukupno prezivljavanje u
nasoj studiji je bilo uporedivo sa ukupnim prezivljava-
njem u vecini prospektivnih klini¢kih ispitivanja koja su
se bavila ABVD protokolom u UkHL-u [28-32].

Kada su u pitanju faktori rizika, u nasoj kohorti je
utvrdeno da je samo povisena sedimentacija eritrocita
povezana sa PBP-om, dok su pacijenti sa velikom tu-
morskom masom (= 7) cm i pacijenti koji su bili primar-
no refraktorni na prvu terapijsku liniju pokazali znacaj-
no kra¢e UP. U retrospektivnoj studiji koju su sproveli
Avigdor i saradnici, a koja opisuje ishod za 221 pacijen-
ta sa UkHL-om le¢enog ABVD protokolom u prvoj te-
rapijskoj liniji, starosti 60+ godina, visok IPS i pozitivan
rani PET/CT bili su povezani sa kra¢im PBP-om [27]. U
drugoj studiji iz svakodnevne klini¢ke prakse, koju su
sproveli Andeli¢ i saradnici u nasoj bolnici, visi IPS i po-
stojanje viSe od jedne ekstranodalne lokalizacije bili su
povezani sa losijim PBP-om, dok su visoki IPS, ESR > 50
mm/h, > 1 ekstranodalna lokalizacija i prisustvo velike
tumorske mase bili u korelaciji sa znacajno kra¢im UP-
om [22]. U na3oj studiji, samo su povisena sedimenta-
cija, prisustvo velike tumorske mase i primarna refrak-
tornost pokazali prognosti¢ki znacaj u prvoj terapijskoj
liniji, najverovatnije zbog malog broja ispitanika, za ra-
zliku od dve gore pomenute studije koje su ukljucivale

thy that OS was longer in our study than in a previous
large cohort study from our institution by Andjelic et
al., (four-year OS 89% vs. five-year OS 76%), most prob-
ably because of the availability of novel treatment op-
tions for R/R cHL patients in Serbia in recent years [22].
On the other hand, OS in our study was comparable
to OS in most of the prospective clinical trials dealing
with ABVD in AScHL [28-32].

Regarding the risk factors, in our cohort, only ele-
vated ESR was found to be associated with PFS, while
patients with bulky disease = 7 cm and patients that
were primarily refractory to the first treatment line
exhibited significantly shorter OS. In a retrospective
study conducted by Avigdor et al., which reports on
the outcome of 221 AScHL patients treated with ABVD
as first-line therapy and aged 60+ years, a high IPS and
positive early PET/CT were associated with a shorter
PFS [27]. In another real-world study by Andjelic et al.,
conducted at our hospital, a higher IPS and more than
one extranodal localization were associated with poor-
er PFS, while high IPS, ESR > 50 mm/h, > 1 extranod-
al site, and bulky disease correlated with significantly
shorter OS [22]. In our study, only elevated ESR, bulky
disease, and primary refractoriness showed prognostic
significance in first-line treatment, most probably due
to the small study sample, as opposed to the other two
abovementioned studies which included 221 (Avigdor
et al.) and 314 (Andjelic et al.) AScHL patients treated
with ABVD, respectively [22,27].

Up to 30% of patients in clinical trials are refracto-
ry to combined first-line ChT, while one retrospective
study from the United States, which included 167 pa-
tients with AScHL, confirmed that 55% of patients were
treated with second-line therapy, which makes this
number significantly higher in the real-world setting
[21]. Our data show that 27.7% of patients were initial-
ly refractory to ABVD while an additional 10% relapsed
after a median period of 19 months, implying that a
certain number of AS patients treated with ABVD will
eventually need further treatment. Autologous stem
cell transplantation following salvage ChT and HDC
remains the standard of care in the R/R setting with
a potential for 50% of R/R patients to be cured [16].
The addition of novel therapeutic options, such as BV
or checkpoint inhibitors (nivolumab or pembrolizum-
ab) to salvage protocols prior to ASCT, dramatically
improves posttransplant survival [7]. Our study con-
firmed the significance of ASCT in consolidation after
salvage ChT in R/R AScHL.

As mentioned above, novel therapies, including BV
and anti-PD1 antibodies, have significantly changed
the landscape of the contemporary treatment of cHL.
Brentuximab vedotin was initially approved in 2011
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221 (Avigdor i sar.) i 314 (Andeli¢ i sar.) pacijenata sa

UkHL-om le¢enih ABVD protokolom [22,27].

Do 30% pacijenata u klinickim ispitivanjima je re-
fraktorno na kombinovanu hemioterapiju u prvoj te-
rapijskoj liniji, dok je u jednoj retrospektivnoj studiji iz
Sjedinjenih Americkih Drzava, koja je obuhvatila 167
pacijenata sa UkHL-om, potvrdeno da je 55% pacijena-
ta leCeno u drugoj terapijskoj liniji, Sto ¢ini ovaj broj je
znatno vecim u svakodnevnoj klini¢koj praksi [21]. Nasi
podaci pokazuju da je 27,7% pacijenata u pocetku bilo
refraktorno na ABVD, dok je dodatnih 10% relapsiralo
nakon medijane od 19 meseci, Sto ukazuje na to da ce
odredenom broju pacijenata sa UkHL-om koji su leCeni
ABVD protokolom na kraju biti potrebna terapija spa-
Savanja. Visokodozna hemioterapija sa autolognom
transplantacijom mati¢nih celija nakon hemioterapije
spasavanja ostaje standard lecenja kod R/R pacijenata
sa potencijalom da 50% R/R bolesnika bude izle¢eno
[16]. Dodavanje novih terapijskih opcija, kao 5to su BV
ili inhibitori imunskih kontrolnih tac¢aka (nivolumab ili
pembrolizumab) protokolima spasavanja pre ATMC,
drasti¢no poboljsava prezivljavanje nakon transplanta-
cije [7]. Na3a studija je potvrdila zna¢aj ATMC u konsoli-
daciji nakon hemioterapije spasavanja kod R/R UkHL-a.

Kao $to je ve¢ navedeno, nove terapije, ukljucujuci
BV i anti-PD1 antitela, znacajno su promenile situaciju
u savremenom le¢enju kHL-a. Brentuksimab vedotin je
prvobitno odobren 2011. godine od strane americke
Uprave za hranu i lekove (engl. Food and Drug Admi-
nistration), za pacijente sa relapsom nakon ATMC ili za
pacijente posle > 2 linije le¢enja koji ne ispunjavaju
uslove za ATMC. Klju¢no ispitivanje AETHERA i iskustvo
iz svakodnevne klinicke prakse su potvrdili korist od
post-ATMC konsolidacije sa BV-om za pacijente viso-
kog rizika, dok njegova upotreba kao monoterapija u
kontekstu terapije spasavanja kod pacijenata koji su
imali relaps nakon ATMC ili nisu ispunjavali kriterijume
za ATMC, nije pokazala da ostvaruje dovoljnu dugoro¢-
nu kontrolu bolesti[17,18,33-35]. Rezultati nase studije
po pitanju primene BV-a su u skladu sa ovim nalazima,
medutim, mali uzorak (14 pacijenata u nasoj kohorti je
primilo BV) onemogucio je adekvatnu statisti¢ku anali-
zu koja bi donela relevantne zakljucke.

Nasa studija ima nekoliko ogranicenja:

1. Kohorta je premala da bi se napravila poredenja koja
bi imala dovoljnu statisti¢ku snagu.

2. Ne postoje bezbednosni podaci o toksi¢nosti ABVD
protokola tokom i posle terapije i njenom uticaju na
ishod.

3. Nema podataka o KOVID-19 statusu onih pacijenata
iz kohorte koji su le¢eni tokom pandemije bolesti
KOVID-19, te njegovom moguéem uticaju na odla-
ganje lecenja i posledi¢nim implikacijama na ishod.

by the US Food and Drug Administration, for patients
relapsed after ASCT or for patients after > 2 lines of
treatment who are not eligible for ASCT. The pivotal
AETHERA trial and real-world experience confirmed
the benefit of post-ASCT consolidation with BV for
high-risk patients, while its use as monotherapy in
the salvage setting in patients who had relapsed after
ASCT or were not eligible for ASCT did not show suffi-
cient long-term disease control [17,18,33-35]. The re-
sults of our study concerning BV are in line with these
findings, however, the small sample (14 patients in our
cohort received BV) made it impossible to perform an
adequate statistical analysis that would have yielded
relevant conclusions.
There are several limitations to our study:

1. The cohort is too small to make comparisons that
would have enough statistical power.

2. There are no safety data about the toxicity of ABVD
during and after treatment and its impact on the
outcome.

3. There are no data about the COVID-19 status of
the patients from the cohort treated during the
COVID-19 pandemic, its possible impact on delay-
ing treatment, and consequent implications for the
outcome.

CONCLUSION

In our cohort, patients with higher erythrocyte sedi-
mentation levels had a shorter progression-free sur-
vival. Additionally, the presence of a bulky mass and
primary refractory disease were associated with short-
er overall survival. Patients with relapsed or refractory
classical Hodgkin lymphoma showed a significantly
better prognosis when they underwent consolidation
therapy with autologous stem cell transplantation.
Monotherapy with brentuximab vedotin was not ben-
eficial outside the post-transplant consolidation set-
ting. A significant number of advanced-stage classical
Hodgkin lymphoma patients can not be cured with
ABVD and need more intensive and/or novel therapeu-
tic options in first-line treatment.

ABBREVIATIONS AND ACRONYMS

ABVD - doxorubicin, bleomycin, vinblastine, dacarbazine

AS — advanced-stage

ASCT — autologous stem cell transplantation

AVD — doxorubicin, vinblastine, dacarbasine

BEACOPPesc — bleomycin, etoposide, doxorubicin, cyclophosphamide, vin-
cristine, procarbazine, prednisone, escalated

BV — brentuximab vedotin

cHL - classical Hodgkin lymphoma

ChT — chemotherapy
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ZAKLJUCAK

U nasoj kohorti, pacijenti sa visim vrednostima sedi-
mentacije eritrocita imali su krace preZivljavanje bez
progresije bolesti. Pored toga, prisustvo velike tumor-
ske mase i primarna refraktorna bolest su bili povezani
sa krac¢im ukupnim prezivljavanjem. Pacijenti sa relap-
som ili refraktornim klasi¢nim Hockinovim limfomom
pokazali su zna¢ajno bolju prognozu kada su bili pod-
vrgnuti konsolidacionoj terapiji sa autolognom tran-
splantacijom mati¢nih celija. Monoterapija sa bren-
tuksimab vedotinom nije bila uspesna van konsolida-
cije nakon transplantacije. Znacajan broj pacijenata sa
uznapredovalim klasi¢nim Hockinovim limfomom ne
moze biti izlecen ABVD protokolom i iziskuje intenziv-
nije i/ili nove opcije lecenja u prvoj terapijskoj liniji.

SPISAK SKRACENICA

ABVD — doksorubicin, bleomicin, vinblastin i dakarbazin

AS — uznapredovali stadijum bolesti; engl. advanced-stage

ATMC - autologna transplantacija mati¢nih celija (engl. autologous stem
cell transplantation — ASCT)

AVD — doksorubicin, vinblastin i dakarbazin

BEACOPPesc — eskalirani bleomicin, etopozid, doksorubicin, ciklofosfamid,
vinkristin, prokarbazin i prednizon

BV — brentuksimab vedotin

kHL — klasicni Hockinov limfom (engl. classical Hodgkin lymphoma - cHL)
HT — hemioterapija

KOVID-19 — koronavirusna bolest 2019 (engl. coronavirus disease of 2019
—(OVID-19)

(R — potpuni odgovor; engl. complete response

END — ekstranodalna bolest; engl. extranodal disease

EORTC/LYSA - Evropska organizacija za istraZivanje i lecenje raka; engl. Fu-
ropean Organisation for Research and Treatment of Cancer — EORTC/Asoci-
jacija za istrazivanje limfoma; engl. Lymphoma Study Association — LYSA
ESR —sedimentacija eritrocita; engl. erythrocyte sedimentation rate

GHSG — Nemacka studijska grupa za Hockinov limfom; engl. German Hod-
gkin Study Group

HDC - visokodozna hemioterapija; engl. high-dose chemotherapy

IPS — medunarodni prognosticki skor; engl. International Prognostic Score
UP — ukupno preZivljavanje (engl. overall survival — 0S)

PET/CT — pozitronska emisiona tomografija/kompjuterizovana tomografi-
ja; engl. positron emission tomography/computed tomography

PBP — prezivljavanje bez progresije (engl. progression-free survival — PFS)
PR — parcijalni odgovor; engl. partial response

R/R — relapsiran-a/refraktoran-na (engl. relapsed/refractory)

RT - radioterapija

SD — standardna devijacija

Sukob interesa: Nije prijavljen.

(OVID-19 — coronavirus disease of 2019

(R — complete response

END — extranodal disease

EORTC/LYSA - European Organisation for Research and Treatment of Can-
cer/Lymphoma Study Association

ESR — erythrocyte sedimentation rate

GHSG — German Hodgkin Study Group

HDC — high-dose chemotherapy

IPS — International Prognostic Score

0S — overall survival

PET/CT — positron emission tomography/computed tomography
PFS — progression-free survival

PR — partial response

R/R — relapsed/refractory

RT — radiotherapy

SD — standard deviation
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SAZETAK

Prisustvo anemije kod bolesnika sa sréanom slabo3¢u predstavlja nezavisni los
prognosticki faktor. Etiologija anemije je multifaktorijalna, a u njoj ucestvu-
ju kako priroda same hronicne srcane slabosti, tako i starije Zivotno doba ovih
bolesnika i ucestali komorbiditeti. Apsolutni ili funkcionalni deficit gvozda, cak
i u odsustvu anemije, kod bolesnika sa srcanom slabo3¢u znacajno utice na opa-
danje kvaliteta Zivota, te na povecanje ucestalosti hospitalizacije i mortaliteta.
Kompleksna etiologija i patofiziologija anemije oteZavaju pravilno tumacenje
laboratorijskih parametara metabolizma gvoZda, a takode iziskuju i specifican
terapijski pristup.
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ABSTRACT

The presence of anemia in patients with heart failure is a significant independent
adverse prognostic factor. The etiology of anemia is multifactorial and the nature
of heart failure itself, advanced age, and frequent comorbidities contribute to its
development. Notably, absolute or functional iron deficiency, even in the absence
of anemia, significantly diminishes the quality of life, increases hospitalization
frequency, and raises mortality rates in patients with heart failure. The intricate
etiology and pathophysiology of anemia present a challenge for the accurate
interpretation of laboratory parameters of iron metabolism and necessitate a
tailored therapeutic approach.
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uvoD

Anemija i dalje predstavlja veliki globalni zdravstveni
problem, iako je poslednjih godina primeéen znaca-
jan opadajudi trend, nastao zahvaljujudi preventivnim
merama. Na osnovu analize sprovedene 2019. godine
u 204 zemlje Sirom sveta, procenjeno je da 1,8 milijardi
ljudi ima anemiju, sa starosno prilagodenom prevalen-
cijom od 23% [1]. Najnoviji epidemioloski podaci po-
kazuju da oko 64 miliona ljudi u svetu boluje od sr¢ane
slabosti. Dok se incidencija sré¢ane slabosti u razvijenim
zemljama stabilizuje ili blago opada, njena prevalenci-
jaraste zbog uspesnijeg lecenja ishemijske bolesti srca,
koja je glavni uzrok sréane slabosti, kao i zbog novih
terapijskih pristupa u lecenju same sréane slabosti, te
ukupnog starenja svetske populacije [2].

Prema vazec¢im kriterijumima Svetske zdravstve-
ne organizacije (SZ0), anemija se kod odraslih osoba
definie kao pad nivoa hemoglobina (Hb) ispod 120
g/l kod Zena, odnosno ispod 130 g/l kod muskara-
ca. U zavisnosti od stepena pada nivoa hemoglobina
u krvi, anemija se klasifikuje na slededi nacin: blaga
(Hb = 110 g/l), srednje teska (80 g/l - 109 g/l) i teska
(Hb < 80 g/I) [3]. Sr¢ana slabost (engl. heart failure — HF)
je sindrom nastao kao rezultat strukturnih i/ili funkcio-
nalnih ostecenja srca koji dovode do povecanja intra-
kardijalnog pritiska i/ili smanjenja minutnog volumena
srca u mirovanju ili tokom fizickog napora. Sr¢ana sla-
bost se moze klasifikovati u sledece tri grupe: 1) HFrEF
- sr¢ana slabost sa smanjenom ejekcionom frakcijom
leve komore (engl. HF with reduced left ventricular eje-
ction fraction), (LVEF < 40%); 2) HFmrEF — sr¢ana slabost
sa umereno smanjenom LVEF (engl. HF with moderately
reduced LVEF), (LVEF = 41% — 49%); i 3) HFpEF - sréa-
na slabost sa o¢uvanom LVEF (engl. HF with preserved
LVEF), (LVEF = 50%) [4,5]. Najnoviji epidemioloski poda-
ci pokazuju da oko 64 miliona ljudi Sirom sveta boluje
od sr¢ane slabosti.

Epidemioloska istrazivanja su otkrila da je prevalen-
cija anemije kod obolelih od sr¢ane slabosti oko 30%
kod ambulantnih pacijenata, a ¢ak 50% kod hospitalizo-
vanih pacijenata, $to je mnogo vise nego u opstoj popu-
laciji [6]. Utvrdeno je da se incidencija anemije povecava
sa stadijumom, odnosno funkcionalnom klasom sréane
slabosti, u rasponu od 9%, kod New York Heart Associa-
tion klase | (engl. NYHA Class 1), do 79%, kod NYHA kla-
se IV [7]. Stavide, incidencija anemije progresivno raste
sa trajanjem srcane slabosti. Rezultati studije Studies of
Left Ventricular Disfunction (SOLVD) pokazali su da je 9%
pacijenata sa normalnim nivoom hemoglobina u vreme
dijagnoze sr¢ane slabosti razvilo anemiju u prvoj godini
pracenja [8], dok je u studiji Carvedilol and Metoprolol
European Trial (COMET) prevalencija anemije bila iznad
25%, nakon petogodisnjeg pracenja [9].

INTRODUCTION

Anemia remains a major global health problem, al-
though a significant downward trend has been ob-
served in recent years, thanks to preventive measures.
Based on the analysis conducted in 2019, in 204 coun-
tries worldwide, it has been estimated that 1.8 billion
people have anemia, with an age-adjusted prevalence
of 23% [1]. The latest epidemiological data show that
around 64 million people in the world suffer from heart
failure (HF). While the incidence of HF in developed
countries is stabilizing or slightly declining, its preva-
lence is increasing due to the improved treatment of
ischemic heart disease, which is the main cause of HF,
as well as due to new therapeutic approaches to HF
treatment and the overall aging of the global popula-
tion [2].

According to the current World Health Organization
(WHO) criteria, anemia in adults is defined as a drop in
hemoglobin (Hb) levels below 120 g/l in women, i.e.,
below 130 g/l in men, and, depending on the degree of
Hb reduction, itis graded in the following manner: mild
(Hb = 110 g/1), moderate (80 g/l - 109 g/l), and severe
(Hb < 80 g/l) [3]. Heart failure (HF) is a syndrome re-
sulting from structural and/or functional heart impair-
ments leading to an increase in intracardiac pressures
and/or a decrease in cardiac output at rest or during
exertion. HF can be classified into the following three
groups: 1) HF with reduced left ventricular ejection
fraction (HFrEF), (LVEF < 40%); 2) HF with moderately
reduced LVEF (HFmrEF), (LVEF = 41% - 49%); and 3) HF
with preserved LVEF (HFpEF), (LVEF = 50%) [4,5]. The
latest epidemiological data show that approximately
64 million people worldwide suffer from HF.

Epidemiological studies have revealed that the
prevalence of anemia in patients with HF is around
30% in outpatients and as high as 50% in hospitalized
patients, which is much higher than in the general
population [6]. It has been found that the incidence of
anemia increases with the HF stage, i.e., HF functional
class, ranging from 9%, in New York Heart Association
(NYHA) Class |, to 79%, in NYHA Class IV [7]. Further-
more, the incidence of anemia progressively increases
with the duration of HF. The results of the Studies of
Left Ventricular Dysfunction (SOLVD) showed that 9%
of patients with normal Hb levels at the time of HF
diagnosis developed anemia within the first year of
follow-up [8], while in the Carvedilol and Metoprolol
European Trial (COMET), the prevalence of anemia was
above 25%, after five-year follow-up [9].

In the recommendations of the European Society
of Cardiology (ESC) for the treatment of HF, iron defi-
ciency (ID), irrespective of the presence of anemia, is
particularly recognized as an adverse risk factor in
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U preporukama Evropskog kardioloSkog drustva
(engl. European Society of Cardiology — ESC) za lecenje
srcane slabosti, deficit gvozda (engl. iron deficiency —
ID) je, bez obzira na to dali je prisutna i anemija, poseb-
no prepoznat kao nepovoljan faktor rizika kod HFmrEF
i HFrEF, koji znacajno otezava tok bolesti. Zbog toga je
neophodno proveriti prisustvo anemije i deficita gvo-
zda kod svih bolesnika sa sr¢anom slabos¢u [4,5]. Stu-
dija sprovedena u 48 medicinskih centara u Francuskoj
(studijska grupa CARENFER), koja je obuhvatila 1.475
pacijenata sa dekompenzovanom sréanom slabo3¢u
i hronicnom sréanom slaboscu, a cija je prosecna sta-
rost bila 78 godina, pokazala je ukupnu prevalenciju
deficita gvozda od 49,5%. Medutim, kada su bolesnici
stratifikovani prema tezini sréane slabosti — dekom-
penzovana sréana slabost (60,1% ispitanika) i hroni¢na
sr¢ana slabost, i zatim podeljeni u tri kategorije prema
preporukama ESC-a, prevalencija deficita gvozda kod
pacijenata sa dekompenzovanom sr¢anom slabosc¢u je
iznosila 58,1%, u poredenju sa prevalencijom od 39%
kod onih sa hroni¢énom sréanom slabosc¢u. Medu paci-
jentima sa hroni¢nom sréanom slabosc¢u, prevalencija
deficita gvozda je bila najveca u HFpEF grupi (HFpEF
57,3%; HFmrEF 47,4%; HFrEF 44,3%) [10]. Novija istra-
Zivanja ukazuju na to da anemija znacajno doprinosi
smanjenju tolerancijie fizickog napora kod osoba sa
HFpEF [11], ali i da sam deficit gvozda znacajno pove-
¢ava rizik od mortaliteta kod pacijenata sa HFpEF [12].

ETIOLOGIJA | PATOFIZIOLOGIJA ANEMUJE KOD
SRCANE SLABOSTI

Anemija kod sr¢ane slabostiima slozenu i multifaktorsku
etiologiju, u kojoj sama sr¢ana slabost i prateca stanja
igraju znacajnu ulogu. Preko 85% pacijenata sa sréanom
slabo3¢u pati od dve ili vise hroni¢nih bolesti, a prose-
¢an broj kardiovaskularnih i nekardiovaskularnih ko-
morbiditeta po hospitalizovanom pacijentu sa sranom
slabo3c¢u iznosi oko cetiri. Pored anemije, uobicajeni ne-
kardiovaskularni komorbiditeti sréane slabosti uklju¢uju
i gojaznost, dijabetes, bubreznu insuficijenciju, nerav-
notezu elektrolita, poremecaj funkcije Stitaste Zlezde,
hroni¢nu opstruktivnu bolest pluca, apneju u snu, i ma-
ligne bolesti [13,14]. Pacijenti sa srcanom slabo3¢u su po
pravilu starije osobe koje ¢esto ispoljavaju karakteristike
anemije povezane sa staroscu, $to moze biti u vezi sa ne-
pravilnom ishranom (siromastvo, neuhranjenost) i hro-
ni¢nim zapaljenjem [15]. Anemija kod sréane slabosti je
obi¢no blaga do srednje teska, a njen primarni uzrok je
Cesto deficit gvozda, bilo da je apsolutni ili funkcional-
ni. Cak i bez anemije, deficit gvozda moze znacajno da
smanji funkcionalnost i kvalitet zivota [1]. Procenjuje se
da 47% - 68% pacijenata sa hronicnom sr¢anom slabo-
$¢u ima apsolutni ili funkcionalni deficit gvozda [16].

ANEMIA AND HEART FAILURE

HFmrEF and HFrEF that significantly complicates the
course of the disease. This is why it is necessary to carry
out screening for the presence of anemia and ID in all
patients with HF [4,5]. A study conducted in 48 medi-
cal centers in France (CARENFER study group), which
included 1,475 patients with decompensated HF and
chronic HF, whose average age was 78 years, showed
a total prevalence of ID of 49.5%. However, when the
patients were stratified according to the severity of
HF — decompensated HF (60.1% of respondents) and
chronic HF, and then divided into three categories ac-
cording to ESC recommendations, the prevalence of ID
among patients with decompensated HF was 58.1%,
as compared to a prevalence of 39% in those with
chronic HF. Among the latter, the prevalence of ID was
the highest in the HFpEF group (HFpEF 57.3%; HFmrEF
47.4%; HFrEF 44.3%) [10]. New research indicates that
anemia significantly contributes to reduced exercise
tolerance in people with HFpEF [11], but also that ID it-
self markedly increases the risk of mortality in patients
with HFpEF [12].

ETIOLOGY AND PATHOPHYSIOLOGY OF
ANEMIA IN HEART FAILURE

The etiology of anemia in heart failure is complex and
multifactorial, wherein HF itself and associated condi-
tions play a significant role. Over 85% of patients with
HF suffer from two or more chronic diseases, and the
average number of cardiovascular and non-cardiovas-
cular comorbidities per hospitalized patient with HF
is approximately four. In addition to anemia, common
non-cardiovascular comorbidities include obesity, di-
abetes, renal failure, electrolyte imbalance, thyroid
gland dysfunction, chronic obstructive pulmonary
disease, sleep apnea, and malignant diseases [13,14].
Patients with HF are typically older and often exhibit
characteristics of anemia related to old age, which can
be linked to improper nutrition (poverty, malnutrition)
and chronic inflammation [15]. Anemia in HF is usually
mild to moderate, and its primary cause is often iron
deficiency, whether absolute or functional. Even with-
out anemia, ID can significantly reduce functionality
and quality of life [1]. It is estimated that 47% — 68% of
patients with chronic HF have absolute or functional
ID [16].

Ironis an integral component of the metalloprotein
hemoglobin, essential for transporting oxygen to all
cells in the body. Due to its chemical properties, which
allow it to accept and release electrons easily, changing
from a divalent (ferrous) to a trivalent (ferric) form, iron
is also an integral part of enzymes and enzyme acti-
vators involved in crucial body processes. Iron controls
the expression of aconitase, a key enzyme in the Krebs
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Gvozde je sastavni deo metaloproteina hemoglo-
bina, koji je neophodan za transport kiseonika do svih
Celija u telu. Zbog svojih hemijskih osobina, koje mu
omogucavaju da lako prima i otpusta elektrone, pre-
lazedi iz dvovalentnog (fero) u trovalentni (feri) oblik,
gvozde je takode sastavni deo enzima i aktivatora enzi-
ma uklju€enih u klju¢ne procese u telu. Gvozde kontro-
lise ekspresiju akonitaze, klju¢nog enzima u Krebsovom
ciklusu (ciklus limunske kiseline), koji olakSava prenos
elektrona u redoks reakcijama. Po3to srcani misi¢ obi-
luje mitohondrijama, neophodne su odgovarajuce
koncentracije gvozda za pravilan tok redoks reakcija i
za sprecCavanje stvaranja slobodnih radikala koji uti¢u
na remodelovanje i apoptozu kod sréane slabosti [17].

Uzroci apsolutnog deficita gvozda (engl. iron defi-
ciency - ID) i sideropenijske anemije (engl. iron deficien-
cy anemia - IDA) su raznovrsni, od nepravilne ishrane
(npr. vegetarijanska ishrana; veganska ishrana; ishrana
zasnovana uglavnom na mleku i mle¢nim proizvodima;
ishrana zasnovana na hrani bogatoj fitatima - Zitarice,
soja, mahunarke; prekomerno konzumiranje pica koja
sadrze tanine - kafa, ¢aj, crno vino), preko malapsorpci-
je udvanaestopalacnom crevu (npr. autoimuni atroficni
gastritis, celijakija, necelijacna glutenska enteropatija i
drugi sindromi malapsorpcije, barijatrijska hirurgija, za-
paljenske bolesti creva); povec¢ane potrebe za gvozdem
(npr. tokom postoperativnog oporavka; tokom primene
eritropoetina — EPO), urodenog nedostatka transporte-
ra gvozda (npr. hem oksigenaza, dvovalentni metalni
transporter 1 - DMT1), do povecanog gubitka krvi (npr.
krvarenje iz urogenitalnog i digestivnog trakta), sto je
najcesci uzrok anemije u razvijenim zemljama [18,19].

Funkcionalni deficit gvozda je nedostatak gvozda u
cirkulaciji koje ostaje zarobljeno u makrofagima, $to se
javlja u stanjima hroni¢ne upale. Prevalencija funkcio-
nalnog deficita gvozda kod pacijenata sa sr¢anom sla-
boscu, koja je takode hroni¢no proinflamatorno stanje,
iznosi oko 18% [20]. Povecana proizvodnja proinflama-
tornih citokina, kao $to su interleukin-6 (IL-6), IL-1f3, IL-2,
IL-8, IL-33, interferon-g (IFN-g), galektin-3, faktor nekro-
ze tumora-1 (engl. tumor necrosis factor-1 - TNF-1), pen-
traksin-3, te smanjena proizvodnja zastitnih citokina,
kao Sto je IL-10, dokazane su kod sréane slabosti, do-
vodedi do slededih pojava: a) hipoferemije izazvane po-
vecanom proizvodnjom hepcidina, $to izaziva degra-
daciju feroportina, izvoznika intracelularnog gvozda,
zbog Cega gvozde ostaje zarobljeno u makrofagima,
enterocitima i hepatocitima i nije dostupno prekursori-
ma eritropoeze u kostanoj srzi; b) direktnog suzbijanja
eritropoeze; c) umerenog skracivanja zivotnog veka eri-
trocita usled njihove pojac¢ane razgradnje; g) smanjene
proizvodnje EPO-a [21-24]. Hroni¢na bubrezna insufici-
jencija takode doprinosi smanjenoj proizvodniji EPO-a,

cycle (citric acid cycle) that facilitates electron transfer
in redox reactions. Since the heart muscle is abundant
with mitochondria, appropriate iron concentrations
are necessary for the proper course of redox reactions
and for preventing the formation of free radicals that
affect remodeling and apoptosis in HF [17].

The causes of absolute iron deficiency (ID) and iron
deficiency anemia (IDA) are diverse, ranging from im-
proper nutrition (e.g., vegetarian diet; vegan diet; diet
based mainly on milk and dairy products; diet based
on foods rich in phytates — cereals, soy, legumes; exces-
sive intake of beverages with tannins - coffee, tea, red
wine), malabsorption in the duodenum (e.g., autoim-
mune atrophic gastritis, celiac disease, non-celiac glu-
ten enteropathy and other malabsorption syndromes,
bariatric surgery, inflammatory bowel diseases - IBD),
increased iron needs (e.g., during postoperative recov-
ery; during the administration of erythropoietin - EPO),
congenital deficiency of iron transporters (e.g., heme
oxygenase, divalent metal transporter 1 - DMT1), to in-
creased blood loss (e.g., bleeding from the urogenital
and digestive tract), which is the most common cause
of anemia in developed countries [18,19].

Functional ID is a deficiency of circulating iron
that remains trapped in macrophages, which occurs
in states of chronic inflammation. The prevalence of
functional ID in patients with HF, which is also a chron-
ic proinflammatory condition, is about 18% [20]. In-
creased production of proinflammatory cytokines,
such as interleukin-6 (IL-6), IL-1B, IL-2, IL-8, IL-33, in-
terferon-y (IFN-y), galectin-3, tumor necrosis factor-1
(TNF-1), pentraxin-3, and reduced production of pro-
tective cytokines, such as IL-10, have been proven in
HF, leading to the following: a) hypoferremia caused
by the increased secretion of hepcidin, which causes
the degradation of ferroportin, the exporter of intra-
cellular iron, which is why iron remains captured in
macrophages, enterocytes, and hepatocytes and is
not available to the precursors of erythropoiesis in the
bone marrow; b) direct suppression of erythropoiesis;
¢) moderate shortening of the lifespan of erythrocytes
due to their increased destruction; d) reduced produc-
tion of EPO [21-24]. Chronic kidney failure also con-
tributes to reduced EPO production, and almost 45%
of patients with terminal renal failure develop HF, i.e.,
cardiorenal syndrome type 4 [25,26].

It's important to note that various medications can
often cause ID/IDA. Certain drugs like antihistamines
(H2 blockers), antacids, proton pump inhibitors (PPIs),
some antibiotics (penicillin, ciprofloxacin, tetracy-
clines), cholestyramine, and anticonvulsants reduce
iron absorption. On the other hand, nonsteroidal an-
tirheumatic drugs, antiplatelet drugs, and anticoag-
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a kod skoro 45% pacijenata sa terminalnom bubrez-
nom insuficijencijom dolazi do razvoja sr¢ane slabosti,
odnosno kardiorenalnog sindroma tipa 4 [25,26].

Vazno je naglasiti da razliciti lekovi ¢esto mogu iza-
zvati deficit gvozda/sideropenijsku anemiju. Odredeni
lekovi, kao Sto su antihistaminici (H2 blokatori), antaci-
di, inhibitori protonske pumpe (engl. proton pump inhi-
bitors — PPIs), neki antibiotici (penicilin, ciprofloksacin,
tetraciklini), holestiramin i antikonvulzanti, smanjuju
apsorpciju gvozda. S druge strane, nesteroidni antire-
umatski lekovi, antiagregacioni lekovi i antikoagulansi
dovode do krvarenja [18]. Stavide, ACE inhibitori (engl.
angiotensin-converting enzyme inhibitors — ACE inhibi-
tors) i AT1-antagonisti (blokatori angiotenzina) deluju
preko renin-angiotenzin-aldosteron sistema (RAAS),
umanjujudi na taj nacin efekte remodelovanja i simpa-
ticke efekte, a svojim uticajem na angiotenzin Il suzbi-
jaju sintezu EPO-a i proliferaciju eritroidnih progenitora
u kostanoj srzi [20,27]. Uz to, ACE inhibitori dovode do
povecane proizvodnje N-acetil-seril-aspartil-lizil-proli-
na, Sto uti¢e na smanjenje sekrecije EPO-a, a ovo dovo-
di do smanjenja eritrocitopoeze i pada koncentracije
hemoglobinaza 5 g/l [27,28].

Maligna oboljenja su, uz kardiovaskularne bolesti,
glavni uzrok morbiditeta i mortaliteta, kao i vodeci
uzrok prerane smrti u razvijenim zemljama. Antineo-
plasti¢na terapija (konvencionalni citostatici, imuno-
terapija i ciljana terapija, terapija zratenjem) moze do-
vesti do ranih i kasnih kardiovaskularnih komplikacija,
najceS¢e do sréane slabosti [29,30], ali i do pojave ili
pogorsanja anemije [31]. Sa druge strane, primeéeno
je da upotreba SGLT2 inhibitora (engl. sodium-glucose
cotransporter 2 inhibitors), koja znacajno smanjuje mor-
talitet kod pacijenata sa kardiorenalnim sindromom,
ima povoljan efekat i na anemiju. lako tacan mehani-
zam nije poznat, veruje se da SGLT inhibitori deluju na
homeostazu gvozda, smanjuju luc¢enje proinflamator-
nih citokina i indukuju lu¢enje EPO-a [27,32,33].

Pored gore opisanih uzroka, pad nivoa hemoglobi-
na kod pacijenata sa kongestivhom sréanom slabos¢u
moze se pripisati hipervolemiji, koja dovodi do hemo-
dilucije, a koju karakterise povecanje zapremine plaz-
me uz normalnu masu eritrocita. Do 46% pacijenata sa
sr¢anom slabo3¢u ima hemodiluciju [34].

UTICAJ ANEMIJE NA KVALITET ZIVOTA |
MORTALITET PACIJENATA SA SRCANOM
INSUFICUENCLJOM

Cak i kad nema sréane slabosti, teska anemija (pad ni-
voa hemoglobina na 40 g/l - 50 g/I) dovodi do zadrza-
vanja natrijuma i vode, smanjene bubrezne perfuzije,
smanjene glomerularne filtracije, kao i neurohormon-
ske aktivacije. Ovaj kardiorenalni odgovor proizilazi iz

ANEMIA AND HEART FAILURE

ulants lead to bleeding [18]. Furthermore, angioten-
sin-converting enzyme inhibitors (ACE inhibitors) and
AT1-antagonists (angiotensin blockers) act via the re-
nin-angiotensin-aldosterone system (RAAS), thereby
curtailing remodeling and sympathetic effects, and, by
affecting angiotensin Il, they suppress the synthesis of
EPO and the proliferation of erythroid progenitors in
the bone marrow [20,27]. Additionally, ACE inhibitors
lead to an increase in N-acetyl-seryl-aspartyl-lysyl-pro-
line production, which affects the reduction of EPO se-
cretion, leading to decreased erythrocytopoiesis and a
drop in Hb concentration by 5 g/l [27,28].

Malignant diseases, along with cardiovascular dis-
eases, are the main cause of morbidity and mortality, as
well as the leading cause of premature death in devel-
oped countries. Antineoplastic therapy (conventional
cytostatics; immunotherapy and targeted therapy; ra-
diation therapy) can lead to early and late cardiovascu-
lar complications, most often HF [29,30], as well as the
onset or worsening of anemia [31]. On the other hand,
the use of sodium-glucose cotransporter (25GLT2) in-
hibitors, which has significantly reduced mortality in
patients with cardiorenal syndrome, has also been ob-
served to have a beneficial effect on anemia. Although
the exact mechanism is not known, it is believed that
SGLT inhibitors act on iron homeostasis, reduce the se-
cretion of pro-inflammatory cytokines, and induce the
secretion of EPO [27,32,33].

In addition to the causes described above, a de-
cline in Hb levels in patients with congestive HF can
be attributed to hypervolemia, leading to hemodilu-
tion, which is characterized by an increase in plasma
volume with a normal erythrocyte mass. Up to 46% of
patients with HF have hemodilution [34].

THE IMPACT OF ANEMIA ON THE QUALITY
OF LIFE AND MORTALITY OF PATIENTS WITH
HEART FAILURE

Even in the absence of HF, severe anemia (a drop in Hb
to 40 g/1 - 50 g/l) leads to sodium and water retention,
decreased renal perfusion, decreased glomerular filtra-
tion, and neurohormonal activation. This cardiorenal
response stems from the effect of anemia on blood
viscosity, oxygen pressure in the microvasculature, and
nitric oxide availability. Mild anemia also contributes to
neurohormonal activation (catecholamines; natriuretic
peptides) and exacerbation of HF [35]. Anemia is an in-
dependent factor of poor prognosis in HF with left ven-
tricular dysfunction, and its incidence increases with
the severity of HF. According to the study: Randomized
Etanercept North American Strategy to Study Antago-
nism of Cytokines (RENAISSANCE), the annual mortali-
ty risk in anemic HF patients is 28%, compared to 16%
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Slika 1. Patofizioloski mehanizmi medusobnog uticaja anemije i sréane
slabosti

uticaja anemije na viskozitet krvi, pritisak kiseonika u
mikrovaskulaturi i dostupnost azot-oksida. Blaga ane-
mija takode doprinosi neurohormonskoj aktivaciji (ka-
teholamini; natriuretski peptidi) i pogor3anju sréane
slabosti [35]. Anemija je nezavisan faktor lose progno-
ze kod sr¢ane slabosti sa disfunkcijom leve komore, a
njena incidencija raste sa tezinom sr¢ane slabosti. Pre-
ma studiji: Randomized Etanercept North American Stra-
tegy to Study Antagonism of Cytokines (RENAISSANCE),
godisnji rizik od smrtnosti kod anemic¢nih pacijenata sa
sr¢anom slaboscu je 28%, u poredenju sa 16% kod pa-
cijenata sa sréanom slabo$¢u bez anemije. Porast nivoa
hemoglobina za 10 g/l smanjuje rizik od mortaliteta za
15,8%, a rizik od hospitalizacije za 14,2% [7]. Nasuprot
tome, svako smanjenje hematokrita za 1% nosi pove-
¢anje rizika od smrtnosti od 11%, kao $to je pokazano
u studiji: Prospective Randomized Amlodipine Survival
Evaluation (PRAISE) [36]. Rizik od ponovne hospitaliza-
cije je takode vedi, a povecava se za 3,3% pri svakom
padu nivoa hemoglobina od 10 g/l, nakon otpusta iz
bolnice [20]. Studija: Carvedilol Prospective Randomi-
zed Cumulative Survival (COPERNICUS) je pokazala da
je korekcija anemije i povecanje nivoa hemoglobina za
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Legend: ID — iron deficiency; IDA — iron deficiency anemia; RAAS — renin-angiotensin-al-
dosterone system; IL — interleukin; TNF — tumor necrosis factor; LV — left ventricle

Figure 1. Pathophysiological mechanisms of the mutual effects of anemia and
heart failure

in HF patients without anemia. An increase in Hb by 10
g/l reduces the risk of mortality by 15.8% and the risk
of hospitalization by 14.2% [7]. Conversely, every de-
crease in hematocrit by 1% carries an 11% increase in
mortality risk, as shown in the study: Prospective Ran-
domized Amlodipine Survival Evaluation (PRAISE) [36].
The risk of rehospitalization is also higher, increasing
by 3.3% for every drop in the Hb level by 10 g/I, upon
discharge from hospital [20]. The study: Carvedilol Pro-
spective Randomized Cumulative Survival (COPERNI-
CUS) showed that correction of anemia and an increase
in Hb by 10 g/l was associated with a reduction in left
ventricular mass by 4.1 g/m?, over a period of 24 weeks
[37]. Anemic patients with HF have a reduced exercise
tolerance and poorer quality of life, and the costs of
treating these patients are up to 25% higher [38].

In the absence of anemia, ID alone is also an inde-
pendent factor of poor prognosis in HF. Doppler echo-
cardiographic monitoring has shown that iron sub-
stitution in HF patients with ID significantly improves
cardiac function [38]. Additionally, the six-year survival
rate is significantly lower in non-anemic patients with
HFpEF who have ID [12].
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TFT — testovi funkdije tireoidne Zlezde; eGFR — procenjena brzina glomerulske filtracije
(engl. estimated glomerular filtration rate); CRP — C reaktivni protein; /DA — sideropenijska
anemija (engl. iron deficiency anemia); ID — deficit gvozda (engl. iron deficiency)

Slika 2. Pojednostavljeni algoritam dijagnostike deficita gvozda kod
bolesnika sa srcanom slaboscu

10 g/l povezana sa smanjenjem mase leve komore za
4,1 g/m?, tokom perioda od 24 nedelje [37]. Anemicni
bolesnici sa srcanom slabo$¢u imaju smanjenu tole-
ranciju fizickog napora i l0siji kvalitet Zivota, a troSkovi
lecenja ovih bolesnika su i do 25% vedi [38].

U odsustvu anemije, sam deficit gvozda je takode
nezavisan faktor loSe prognoze kod srcane slabosti.
Prac¢enje Dopler ehokardiografijom je pokazalo da sup-
stitucija gvozda kod pacijenata sa sranom slabo3¢u
koji imaju deficit gvozda znacajno poboljsava sr¢anu
funkciju [38]. Pored toga, Sestogodisnja stopa preziv-
ljavanja je znacajno niza kod neanemicnih pacijenata
sa HFpEF koji imaju deficit gvozda [12].

LABORATORIJSKE KARAKTERISTIKE ANEMIJE
KOD SRCANE SLABOSTI | DIJAGNOSTICKI
ALGORITAM

Standardni laboratorijski pokazatelji sideropenijske
anemije —mikrocitni eritrociti (MCV < 80 fl); hipofere-
mija (| Fe); povecan ukupni kapacitet vezivanja gvozda
(engl. total iron binding capacity - TIBC); smanjena sa-
turacija transferina (engl. transferrin saturation — TSAT),
(TSAT < 20%); kao i smanjen feritin (< 30 mg/l), obi¢no

v

Legend: Fe — iron; TIBC — total iron binding capacity; TSAT — transferrin saturation; Hb —
hemoglobin; TFT — thyroid function tests; eGFR — estimated glomerular filtration rate; CRP
— Creactive protein; IDA — iron deficiency anemia; ID —iron deficiency

Figure 2. Simplified algorithm of iron deficiency diagnostics in patients with
heart failure

LABORATORY CHARACTERISTICS OF ANEMIA
IN HEART FAILURE AND THE DIAGNOSTIC
ALGORITHM

The standard laboratory indicators of IDA — microcyt-
ic erythrocytes (MCV < 80 fl), hypoferremia (|Fe), in-
creased total iron binding capacity (TIBC), decreased
transferrin saturation (TSAT < 20%), and reduced fer-
ritin (< 30 pg/l) are usually absent in patients with
HF, due to the above-described pathophysiological
mechanisms of anemia in HF. In HF and other chronic
inflammatory conditions, due to the fact that ferritin
is a reactant of the acute phase, its values of up to 100
pg/l speak in favor of absolute ID, if all other labora-
tory characteristics of ID/IDA are present. In patients
with HF whose blood ferritin level is 100 ng/ml - 299
ng/ml, ID is considered to exist, if TSAT is < 20%. These
cut-off values were taken from nephrology, as they
are acceptable and specific for diagnosing and treat-
ing ID [39]. When all the obtained laboratory findings
are inconclusive, additional tests, such as reticulocyte
hemoglobin content (CHr), soluble transferrin receptor
(sTfR), and the sTfR-transferrin index, can be performed
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nisu prisutni kod pacijenata sa srcanom slabos¢u zbog
gore opisanih patofizioloskih mehanizama anemije kod
sréane slabosti. Kod sr¢ane slabosti i drugih hroni¢nih
inflamatornih stanja, zbog cinjenice da je feritin reak-
tant akutne faze, njegove vrednosti do 100 mg/l go-
vore u prilog apsolutnog deficita gvozda, ukoliko su
prisutne sve druge laboratorijske karakteristike deficita
gvozda/sideropenijske anemije. Kod pacijenata sa sr-
¢anom slaboscu ciji je nivo feritina u krvi 100 ng/ml -
299 ng/ml, smatra se da postoji deficit gvozda ukoliko
je TSAT < 20%. Ove granic¢ne vrednosti su uzete iz nefro-
logije, posto su prihvatljive i specificne za dijagnostiko-
vanje i leenje deficita gvozda [39]. Kada se na osnovu
svih dobijenih laboratorijskih nalaza ne moze doneti
zakljucak o vrsti anemije, u specijalizovanim laboratori-
jama se mogu uraditi ispitivanja dodatnih parametara,
kao $to su sadrzaj retikulocitnog hemoglobina (engl.
reticulocyte hemoglobin content — CHr), solubilni transfe-
rinski receptor (engl. soluble transferrin receptor — sTfR)
i sTfR-transferinski indeks (engl. sTfR-transferrin index).
Pored testova gvozda, neophodno je testirati nivoe
C-reaktivnog proteina (CRP), vitamina B12, folata, tiro-
idnih hormona i renalnih parametara [38], kao i ispitati
znakove manifestnog odnosno okultnog krvarenja [40].
Kako normalan nivo hemoglobina ne iskljucuje
postojanje deficita gvozda, prema aktuelnim prepo-
rukama, kod svih bolesnika sa sréanom slabosc¢u treba
sprovesti laboratorijsko testiranje pokazatelja metabo-
lizma gvozda [4,5,14]. Pojednostavljeni algoritam labo-
ratorijske dijagnostike za ispitivanje deficita gvozda/
sideropenijske anemije predstavljen je na Slici 2.

LECENJE ANEMIJE KOD SRCANE SLABOSTI

Prema preporukama Svetske zdravstvene organizacije,
nadoknadu gvozda treba zapoceti pri nivoima feritina
ispod 30 mg/l, posto se simptomi kod zdravih osoba
javljaju vec u fazi pojave deficita gvozda [3]. Zbog po-
voljne ceneilakoce primene, u le¢enju deficita gvozda/
sideropenijske anemije, lekovi prvog izbora su standar-
dni oralni preparati (dvovalentnog i trovalentnog) gvo-
zda [3,19]. Medutim oko 30% — 70% pacijenata ne pod-
nosi dobro terapiju standardnim oralnim preparatima
gvozda. Unos hrane i istovremena upotreba drugih
lekova, kao Sto su H2-blokatori i inhibitori protonske
pumpe koji menjaju pH duodenuma, mogu umanjiti
apsorpciju Fe3+ u digestivnom traktu, $to dovodi do
simptoma kao $to su mucnina, povracanje, poremecaj
varenja i zatvor [41]. Stavise, standardni oralni prepa-
rati gvozda imaju ogranic¢enu efikasnost kod sréane
slabosti zbog edema crevne sluzokoze i poja¢anog
lu¢enja hepcidina. Sveukupno gledano, stepen crev-
ne apsorpcije standardnih oralnih preparata gvozda
smanjen je na svega 5% [42]. U studijama IRON-HF [43]

in specialized laboratories. Along with iron tests, it is
essential to test the levels of C-reactive protein (CRP),
vitamin B12, folate, thyroid hormones, and renal pa-
rameters [38], as well as to test for signs of manifest or
occult bleeding [40].

As a normal Hb level does not rule out iron defi-
ciency, according to current recommendations, all pa-
tients with HF should undergo iron metabolism labo-
ratory tests [4,5,14]. A simplified algorithm of ID/IDA
laboratory diagnostics is presented in Figure 2.

TREATMENT OF ANEMIA IN HEART FAILURE

According to WHO recommendations, iron replace-
ment should be started at ferritin levels below 30 pg/I,
as symptoms in healthy persons already appear in the
ID phase [3]. Due to their low cost and ease of admin-
istration, in the treatment of ID/IDA the drugs of first
choice are standard (divalent and trivalent) oral iron
supplements [3,19]. However, in about 30% - 70% of
patients, standard orally administered iron supple-
ments are not well tolerated. Food intake and concom-
itant use of other medications, such as H2-blockers
and proton pump inhibitors that change duodenal pH,
can decrease Fe3+ absorption in the digestive tract,
leading to symptoms such as nausea, vomiting, indi-
gestion, and constipation [41]. Furthermore, standard
oral iron supplements have limited efficacy in HF due
to edema of the intestinal mucosa and high hepcidin
secretion. Overall, the degree of intestinal absorption
of standard oral iron supplements is reduced to only
5% [42]. The ineffectiveness of standard oral iron sup-
plements in HF was demonstrated in the IRON-HF [43]
and IRONOUT-HF [44] studies.

A pilot study conducted on 50 patients with symp-
tomatic HFrEF indicated that oral sucrosomial iron (SI)
can overcome the hepcidin-ferroportin barrier and
lead to a slight increase in ferritin, as well as to the im-
provement in exercise tolerance and quality of life, af-
ter six months of therapy [45]. Sl is an oral supplement
wherein ferric-pyrophosphate is coated with a matrix
containing phospholipids and sucrester (tricalcium
phosphate and starch), which is absorbed from the di-
gestive tract in a hepcidin-independent way — paracel-
lularly and transcellularly via enterocytes and M cells,
throughout the entire small intestine [46]. The release
of iron from S| during digestion is less than 5%, unlike
all other oral preparations (75% — 85%), which signifi-
cantly reduces the possibility of toxic effects of iron on
the mucosa of the digestive tract, leading to improved
intestinal tolerance and high bioavailability [47,48].
However, the increase in ferritin, although significant-
ly higher during SI supplementation, as compared to
standard oral iron supplementation, is markedly infe-
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i IRONOUT-HF [44], pokazana je neefikasnost standar-
dnih oralnih preparata gvozda kod sr¢ane slabosti.
Pilot studija sprovedena na 50 pacijenata sa simp-
tomatskom HFrEF je pokazala da sukrozomalno gvozde
(engl. sucrosomial iron - S), koje se unosi oralnim putem,
moze da prevazide hepcidin-feroportin barijeru i da do-
vede do blagog povecanja feritina, kao i do poboljsanja
tolerancije fizickog napora i unapredenja kvaliteta Zivo-
ta, nakon Sest meseci terapije [45]. S/ je oralni preparat
u kojem je feri-pirofosfat oblozen matriksom koji sadrzi
fosfolipide i estar sukroze (trikalcijum fosfat i skrob), a
koji se apsorbuje iz digestivnog trakta na nacin koji je
nezavisan od hepcidina — paracelularno i transcelular-
no putem enterocita i ¢elija, u celom tankom crevu [46].
Oslobadanje gvozda iz sukrozomalnog gvozda tokom
varenja je manje od 5%, za razliku od svih ostalih oral-
nih preparata (75% - 85%), ¢ime se znacajno smanju-
je mogucnost toksi¢nog dejstva gvozda na sluzokozu
digestivnog trakta, sto dovodi do poboljSanja crevne
tolerancije i do visoke bioraspolozivosti [47,48]. Medu-
tim, povecanje nivoa feritina, iako znacajno vece pri su-
plementaciji sukrozomalnim gvozdem, u poredenju sa
standardnim oralnim preparatima gvozda, znacajno je
inferiornije u odnosu na intravenoznu (iv) primenu gvo-
zda, koja ima stopostotnu bioraspolozivost. Neophodne
su studije na mnogo vecem broju pacijenata, kao i duze
pracenje pacijenata, kako bi se utvrdilo mesto sukrozo-
malnog gvozda u lecenju deficita gvozda/sideropenij-
ske anemije kod pacijenata sa sréanom slaboscu [49].
Prema evropskim i ameri¢kim preporukama, intar-
vensko davanje gvozda je zamenska terapija prvog iz-
bora u le¢enju deficita gvozda/sideropenijske anemije
kod pacijenata sa sr¢anom slabos¢u [4,5,14]. Rezultati
dve velike medunarodne studije: FAIR-HF, sprovedene
na 459 pacijenata sa sr¢anom slabo$¢u NYHA klase Il i
[l [50], kao i CONFIRM-HF, sprovedene na 304 ambu-
lantna pacijenta sa simptomatskom slabo3¢u i EF <
45% [51], pokazali su zna¢ajno smanjenje simptoma,
bolju toleranciju fizickog napora i poboljsanje kvaliteta
zivota, kod pacijenata koji su primali gvozde karbok-
simaltozu, tokom dvadesetetvoronedeljnog odnosno
jednogodiSnjeg pracenja. Rezultati randomizovane
studije IRONMAN, sprovedene na 1.137 pacijenata u
70 bolnica u Velikoj Britaniji, pokazali su da je lec¢enje
gvozde derizomaltozom znacajno smanjilo broj hos-
pitalizacija i mortalitet od kardiovaskularnih dogadaja
[52]. Za razliku od pacijenata sa hroni¢cnom sréanom
slabos¢u, intravenozno davanje gvozda pacijentima
sa akutnom sréanom slabo3¢u, nakon stabilizacije epi-
zode sréane insuficijencije, ne uti¢e na prezivljavanje
pacijenata, $to pokazuje studija AFFIRM-AHF, koja je
obuhvatila 1.107 pacijenata sa akutnom sréanom sla-
bosc¢u [53]. Intravenozna terapija gvozdem ima vece
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rior to intravenous (I.V.) iron administration, which has
100% bioavailability. Studies on a much larger number
of patients and longer follow-ups are necessary to de-
termine the place of Sl in ID/IDA treatment in HF [49].

According to European and American guidelines,
L.V. iron is the replacement therapy of choice for ID/
IDA in HF [4,5,14]. The results of two large internation-
al studies: FAIR-HF, conducted on 459 patients with HF
NYHA class Il and Ill [50], as well as CONFIRM-HF, con-
ducted on 304 outpatients with symptomatic HF and
EF < 45% [51], showed a significant reduction of symp-
toms, better exercise tolerance, and improvement in
quality of life, in patients who received ferric carboxy-
maltose during 24-week or one-year follow-up. The re-
sults of the randomized IRONMAN study, conducted on
1,137 patients in 70 hospitals in Great Britain, showed
that treatment with ferric-derisomaltose significantly
reduced the number of hospitalizations and mortality
from cardiovascular events [52]. Unlike patients with
chronic HF, the administration of L.V. iron in patients
with acute HF, after the stabilization of the heart failure
episode, does not affect patient survival, as shown by
the AFFIRM-AHF study, which included 1,107 patients
with acute HF [53]. L.V. iron has higher direct costs (use
of hospital resources) and indirect costs (absence from
work) than oral therapy. However, a drop in the total
number of hospitalizations due to the exacerbation
of HF or complications in patients with HF who had
received LV. iron indicates its long-term economic
cost-effectiveness [54]. More recent LV. iron prepara-
tions have a significantly lower rate of reported side
effects than earlier preparations, such as ferridextran.
Based on the results of individual randomized clinical
trials, as well as a meta-analysis of published results
that showed a decrease in the risk of hospitalization
[55,56], in the ESC guidelines, I.V. iron is recommended
in patients with symptomatic HFmrEF as well as in pa-
tients with HFrEF and ID, to reduce HF symptoms and
improve quality of life (recommendation class |, level
of evidence A), while ferric carboxymaltose and ferric
derisomaltose are listed as recommended I.V. replace-
ment therapy for the treatment of ID in patients with
symptomatic HFmrEF and HFrEF, to reduce the risk of
hospitalization (recommendation class lla, level of ev-
idence A) [5]. The American guidelines do not single
out specific L.V. forms [14].

In patients with coexisting HF and renal failure, the
administration of EPO can be effective. It is import-
ant to note that correcting anemia until the Hb level
reaches the normal level (130 g/l) does not reduce
cardiovascular mortality. In fact, normalization of Hb
significantly increases the risk of thromboembolic
complications [57], which is why it is not recommend-
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direktne troskove (koris¢enje bolni¢kih resursa) i indi-
rektne troskove (odsustvo sa posla) od oralne terapi-
je. Medutim, smanjenje ukupnog broja hospitalizacija
usled pogorsanja sr¢ane slabosti ili komplikacija, kod
pacijenata sa sréanom slabos¢u koji su primili gvozde
intravenozno, ukazuje na njegovu dugoro¢nu eko-
nomsku isplativost [54]. Noviji iv preparati gvozda ima-
ju znacajno nizu stopu prijavljenih nezeljenih efekata
od ranijih preparata, kao sto je feridekstran. Na osnovu
rezultata pojedina¢nih randomizovanih klini¢kih studi-
ja, kao i meta-analize objavljenih rezultata koji su po-
kazali smanjenje rizika od hospitalizacije [55,56], u ESC
smernicama, intravenozno gvozde se preporucuje kod
pacijenata sa simptomatskom HFmrEF i pacijenata sa
HfrEF i deficitom gvozda, u cilju ublazavanja simptoma
srcane slabosti i unapredenja kvaliteta Zivota (preporu-
ka klase I, nivo dokaza A), dok se gvozde karboksimal-
toza i gvozde derizomaltoza navode kao preporucena
intravenozna supstituciona terapija za le¢enje deficita
gvozda kod pacijenata sa simptomatskom HFmrEF i
HfrEF, radi smanjenja rizika od hospitalizacije (prepo-
ruka klase lla, nivo dokaza A) [5]. Americke smernice ne
izdvajaju konkretne intravenozne oblike terapije [14].
Kod pacijenata sa istovremenom sréanom slabo$¢u
i bubreznom insuficijencijom, primena EPO-a moze biti
delotvorna. Vazno je napomenuti da korekcija anemije
do postizanja normalnog nivoa hemoglobina (130 g/I)
ne smanjuje kardiovaskularni mortalitet. Stavise, nor-
malizacija hemoglobina znacajno povecava rizik od
tromboembolijskih komplikacija [57], zbog ¢ega se ne
preporucuje [5,14]. Posto je anemija kod sréane slabosti
obi¢no blaga, transfuzije eritrocita su retko indikovane.
Meta-analiza objavljenih studija o prezivljavanju paci-
jenata sa akutnim koronarnim sindromom i anemijom,
pokazala je da je prezivljavanje bilo znacajno bolje kada
su transfuzije davane pri nivoima hemoglobina ispod
100 g/I, u poredeniju sa restriktivnom strategijom trans-
fuzije, pri nivoima hemoglobina ispod 80 g/ [58]. Medu-
tim, za anemicne pacijente sa sréanom slabo3¢u ne po-
stoje definitivne preporuke niti randomizovane studije
i meta-analize koje procenjuju njihovo prezivljavanje i
njihove ishode u odnosu na restriktivni odnosno liberal-
ni pristup transfuzijskoj podrsci. U nedostatku zvanic¢nih
smernica, pojedini autori predlazu da se razmotri libera-
lan pristup transfuzijama eritrocita (Hb =80 g/l - 90 g/I)
za kriticno bolesne pacijente sa sranom slabos¢u [59].

ZAKLJUCAK

Visoka prevalencija deficita gvozda/sideropenijske
anemije kod sr¢ane slabosti zahteva blagovremenu
dijagnozu i lecenje kod svih pacijenata, kako bi se una-
predio njihov kvalitet zivota i poboljsalo prezivljavanje.

Sukob interesa: Nije prijavljen.

ed [5,14]. Since anemia in HF is usually mild, RBC trans-
fusions are seldom indicated. A meta-analysis of pub-
lished studies on the survival of patients with acute
coronary syndrome and anemia showed that survival
was significantly better when transfusions were given
at Hb levels below 100 g/I, as compared to a restric-
tive transfusion strategy, with Hb levels below 80 g/I
[58]. However, for anemic HF patients, there are no
definitive recommendations nor randomized studies
and meta-analyses evaluating their survival and out-
comes, in relation to the restrictive or liberal approach
to transfusion support. In the absence of official guide-
lines, individual authors suggest considering a liberal
approach regarding erythrocyte transfusions (Hb = 80
g/l - 90 g/l) for critically ill HF patients [59].

CONCLUSION

The high prevalence of ID/IDA in HF requires timely di-
agnosis and treatment for all patients, to improve their
quality of life and survival.
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SAZETAK

Lekovi predstavljaju Cest uzrok trombocitopenije, pogotovo kod hospitalizova-
nih bolesnika. Ucestalost ove neZeljene reakcije na lekove krece se oko 10/1 000
000 stanovnika godisnje i prema mehanizmu nastanka moZe se klasifikovati kao
imunska i neimunska. Lekovi poput citostatika, linezolida, ganciklovira, valaciklo-
vira, Aspirinai vankomicina dovode do neimunskog oblika trombocitopenije, tako
$to deluju proapoptoticki na trombocite ili direktno citotoksi¢no na megakarioci-
teitrombocite. S druge strane, imunski oblik uzrokovan je antitelima specifi¢nim
za lek koja se, u prisustvu leka ili njegovog metabolita, vezuju za trombocitne
antigene dovodeci do ubrzane razgradnje trombocita. Osim ovog klasi¢nog obli-
ka lekom uzrokovane imune trombocitopenije (LITP), koji se odlikuje akutnom
trombocitopenijom teskog stepena (nadir broja trombocita < 20x10%/L) i krva-
renjem, prepoznati su i posebni oblici: heparinom uzrokovana trombocitopenija
(HIT), trombocitopenija uzrokovana blokatorima kontrolnih tacaka i vakcinom in-
dukovana trombozna trombocitopenija (VITT). HIT je najces¢a LITP u kojoj je nadir
broja trombocita najée3ce oko 60x10%L, a klinickom slikom dominiraju tromboze,
i to venske i, rede, arterijske. S druge strane, VITT se odlikuje nastankom trombo-
ze i trombocitopenije 4 do 30 dana od primene adenovirusnih vektorskih vakcina
asmrtnost u ovom obliku LITP se krece izmedu 25% i 60%.

Kljucne reci: lek, trombocitopenija, heparin, patofizioloski mehanizmi,
algoritmi lecenja
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ABSTRACT

Drugs could cause thrombocytopenia, mostly in hospitalized patients. The inci-
dence of this adverse reaction to medicines is around 10/1,000,000 inhabitants/
year. Depending on the pathophysiological mechanism, drug-induced thrombo-
cytopenia can be classified into immune and non-immune. Drugs such as cyto-
statics, linezolid, ganciclovir, valacyclovir, aspirin, and vancomycin can induce a
non-immune form of thrombocytopenia. They achieve this by exerting direct
cytotoxic effects on megakaryocytes and platelets, or through proapoptotic
mechanisms that affect platelets. On the other hand, the immune form is caused
by drug-specific antibodies, which, in the presence of the drug or its metabolite,
bind to platelet antigens, leading to accelerated destruction of platelets. Apart
from this classic form of drug-induced immune thrombocytopenia (DITP), which
is characterized by the acute onset of severe thrombocytopenia (nadir platelet
counts < 20 x 10%/L) and bleeding, special forms such as heparin-induced throm-
bocytopenia (HIT), thrombocytopenia caused by the use of immune checkpoint
inhibitors, and vaccine-induced thrombotic thrombocytopenia (VITT) are identi-
fied. HIT is the most common DITP in which nadir platelet count is usually around
60x10°/L and the clinical presentation is dominated by thrombosis (venous and
less often arterial). Conversely, VITT is characterized by the onset of thrombosis
and thrombocytopenia between 4 and 30 days after the administration of ade-
noviral vector vaccines. The mortality in this form of LITP ranges between 25%
and 60%.

Keywords: drug, thrombocytopenia, heparin, pathophysiological mechanisms,
treatment algorithms
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LEKOVIMA UZROKOVANA TROMBOCITOPENIJA
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DRUG-INDUCED THROMBOCYTOPENIA

uvoD

Lekovi predstavljaju cest uzrok trombocitopenije,
pogotovo kod hospitalizovanih bolesnika. Nastanak
trombocitopenije do sada je opisan tokom primene
vise od 300 lekova, ¢iji se spisak nalazi na: “Platelets on
the web” (https://www.ouhsc.edu/platelets/ditp.html)
[1]. Ucestalost lekovima uzrokovane trombocitopeni-
je se procenjuje na 10/1.000.000 stanovnika godisnje
i znacajno je ces¢i kod odraslih u poredenju sa decom
[1]. Smatra se da u jedinicama intenzivne nege cak
25% bolesnika ima neki od oblika lekovima uzrokova-
ne trombocitopenije [2]. Prema mehanizmu nastanka,
lekovima uzrokovane trombocitopenije se mogu klasi-
fikovati na imunske i neimunske [3-5].

NEIMUNSKE LEKOVIMA UZROKOVANE
TROMBOCITOPENIJE

Lekovi poput citostatika, linezolida, ganciklovira, va-
laciklovira, Aspirina i vankomicina mogu dovesti do
trombocitopenije, bilo proapoptotickim mehanizmi-
ma na trombocite ili direktnim citotoksi¢nim dejstvom
na megakariocite i trombocite [1,3,4]. Trombocitope-
nija u toku primene linezolida registruje se u slucaju
primene leka duZe od dve nedelje i u slu¢aju njegovih
visokih koncentracija u krvi; posledica je dozno zavisne
reverzibilne mijelosupresije u toku koje je trombocito-
poeza najvise pogodena [6]. Sa druge strane, citostatici
oksaliplatin i irinotekan, osim neimunskim, mogu iza-
zvati trombocitopeniju i imunskim mehanizmom [7,8].

IMUNSKE LEKOVIMA UZROKOVANE
TROMBOCITOPENUJE

Lekovima uzrokovana imunska trombocitopenija
(LITP) posredovana je antitelima klase 1gG (rede IgA/M)
specifi¢tnim za lek, koja se u prisustvu leka ili njegovih
metabolita nekovalentno vezuju za trombocitne anti-
gene putem svog Fab regiona, dovodeci do ubrzane
razgradnje trombocita aktivacijom komplementa i/ili
fagocitozom. Pritom, glikoproteinski (GP) kompleksi,
kao Sto su GPIIb/llla i GPIb/IX, naj¢es¢i su trombocitni
antigeni u klasi¢cnom obliku LITP (Shema 1A). U zavi-
snosti od mehanizma vezivanja razlikuje se Sest tipova
antitela (Tabela 1) [4].

Osim heparina koji naj¢es¢e dovodi do LITP, po
ucestalosti se kao uzro¢nici isti¢u: acetaminofen, ab-
ciksimab, amjodaron, ampicilin, amlodipin, kotrimok-
sazol, karbamazepin, hlorpropamid, drospirenon, di-
gitalis, gentamicin, eptifibatid, danazol, moksonidin,
etambutol, diklofenak, tirofiban, haloperidol, efalizu-
mab, irinotekan, ibuprofen, piperacilin, preparati zlata,
fenitoin, triamteren/hidrohlorotiazid, naproksen, hi-
drohlorotiazid, oksaliplatin, interferon alfa, metildopa,

INTRODUCTION

Medications are a frequent cause of thrombocytope-
nia, particularly among hospitalized patients. Throm-
bocytopenia has been associated with the use of over
300 different medications, a list of which is available
at “Platelets on the web” (https://www.ouhsc.edu/
platelets/ditp.ntml) [1]. The incidence of drug-in-
duced thrombocytopenia is estimated at 10 cases per
1,000,000 people per year and is significantly higher in
adults than in children [1]. It is believed that in inten-
sive care units as many as 25% of patients have some
form of drug-induced thrombocytopenia [2]. Drug-in-
duced thrombocytopenia can be classified into im-
mune and non-immune types based on its underlying
mechanism [3-5].

NON-IMMUNE DRUG-INDUCED
THROMBOCYTOPENIA

Drugs like cytostatics, linezolid, ganciclovir, valacy-
clovir, aspirin, and vancomycin can cause thrombo-
cytopenia either through pro-apoptotic mechanisms
affecting platelets or by direct cytotoxic effects on
megakaryocytes and platelets [1,3,4]. Thrombocytope-
nia associated with linezolid typically occurs when the
drug is administered for more than two weeks or when
its blood concentrations are high. This condition re-
sults from dose-dependent, reversible myelosuppres-
sion, with thrombocytopoiesis being the most affected
[6]. Conversely, cytostatics like oxaliplatin and irinote-
can can cause thrombocytopenia not only through
non-immune mechanisms but also via immune-medi-
ated pathways [7,8].

IMMUNE DRUG-INDUCED
THROMBOCYTOPENIA

Drug-induced immune thrombocytopenia (DITP) is
mediated by drug-specific IgG antibodies (rarely IgA or
IgM), which non-covalently bind to platelet antigens
via their Fab region in the presence of the drug or its
metabolites. This binding accelerates platelet destruc-
tion through complement activation and/or phago-
cytosis. Additionally, glycoprotein (GP) complexes like
GPlIb/llla and GPIb/IX are the most common platelet
antigens involved in the classic form of drug-induced
immune thrombocytopenia (DITP) (Figure 1A). De-
pending on the binding mechanism, there are six types
of antibodies (Table 1) [4].

Besides heparin, which is the most frequent cause
of DITP, other common causative agents include acet-
aminophen, abciximab, amiodarone, ampicillin, am-
lodipine, co-trimoxazole, carbamazepine, chlorpropa-
mide, drospirenone, digitalis, gentamicin, eptifibatide,
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Tabela 1. Lekom uzrokovana imunoloska trombocitopenija-mehanizmi (prila-
godeno iz Arnold DM, Cuker A. [4])

Mehanizam / Mechanism

Kininski tip /
Quinine-type

Lek se vezuje za LZAt i potom za trombocitni integrin /
Drug binds DDAb and subsequently to platelet integrin

Lek se kovalentno vezuje za membranski protein i podstice

Hapten-zavisni / lek-specificno vezivanje pomocu LZAt /

DRUG-INDUCED THROMBOCYTOPENIA

Table 1. Drug-induced immune thrombocytopenia—mechanisms (adapted
from Arnold DM, Cuker A. [4])

Ucestalost / Incidence

26 slucajeva/ 1000 000 korisnika
kinina nedeljno /

26 cases per million quinine users
per week

Primer leka / Example of drugs

Kinin, kinidin, sulfonamidi, nesteroidni
antiinflamatorni lekovi /

Quinine, sulfonamide antibiotics, non-
steroidal anti-inflammatory drugs

Penicilin, neki cefalosporinski antibiotic
/ Veoma retko /

Hapten-dependent

Fibanski tip /
Fiban-type

Lek-specificni /
Drug-specific

Autoantitelo /
Autoantibody

Imunski kompleksi
/

Drug links covalently to membrane protein and induces drug-
specific binding by DDAb

Lek reaguje sa GPIIb/Illa i indukuje nove epitope za LZAt /
Drug reacts with GPIIb/llla and induces neoepitope for the
DDAb

LZAt prepoznaje misju komponentu himernog Fab
fragmenta specificnog za GPIlla /

DDAb recognize murine component of chimeric Fab fragment
specific for GPllla

Lek indukuje stvaranja antitela, koje potom reaguje sa
autolognim trombocitims u odsustvu leka /

Drug induces antibody that reacts with autologous platelets
in absence of drug

Antitela sa ciljanim antigenima stvaraju imunske
komplekse /

Penicillin, some cephalosporin very rare
antibiotics
Tirofiban, Eptifibatid / 0,2-0,5% /
Tirofiban, Eptifibatide 0.2-0.5%

0,5-1% posle prvog i 10-14%
Abciksimab / posle drugog izlaganja /
Abciximab 0.5-1% after first and 10-14%

Soli zlata, prokainamid /
Gold salts, procainamide

Heparin, komponente adenovirusne
vektorske vakcine protiv COVID-19 /

after second exposure

1% za soli zlata, veoma retko
kod drugih /

1% with gold salts, very rare with
other

3-6% kod pacijenata lecenih
UFH tokom 7 dana, retko kod
LMWH /

Antibodies form immune complexes with their target

Immune complexes .
antigens

Legenda: LZAt - antitela zavisna od prisustva leka; LMWH - niskomolekularni heparin (engl.
low-molecular-weight heparin); UFH - nefrakcionisani heparin (engl. unfractionated heparin)

nalidiksinska kiselina, kinin, kinidin, rifampin, ranitidin,
sulfisoksazol, simvastatin, valproi¢na kiselina i vanko-
micin [4,9]. Osim lekova, neka hrana i pi¢a kao i biljni
preparati, mogu takode prouzrokovati LITP [10].
Vreme proteklo od uvodenja leka do nastanka
trombocitopenije najcesce je jedan do tri dana, ukoli-
ko je lek prethodno koriscen, ili 7-15 dana ako lek nije
prethodno primenjivan [1]. Izuzetak su lekovi iz grupe
antagonista GPIlb/Illa (abciximab, tirofiban, eptifibatid)
koji dovode do trombocitopenije naj¢es¢e nekoliko
sati ili ¢ak minuta po zapocinjanju terapije [4]. Medu-
tim, LITP moze da nastane i posle obustave leka ili da
perzistira duze vreme posle obustave leka, a primeri su
terapija zlatom, alemtuzumabom i lekovima iz grupe
blokatora kontrolnih ta¢aka (engl. immune check-point
inhibitori) [4]. Naime, u klinickoj studiji faze 2 u kojoj
su ispitivani efikasnost i bezbednost alemtuzumaba u
lecenju relapsno-remitentnog oblika multiple skleroze,
kod 6/216 pacijenta registrovana je trombocitopenija
koja je nastala 1-15 meseci od primene poslednje doze
leka a uspesno je le¢ena standardnom terapijom za
primarnu imunolosku trombocitopeniju (ITP) [11]. Od
interesa je napomenuti da su opisani i slucajevi LITP

Heparin, a component of adenoviral

_A0A4 ) i j
vector-based vaccine against COVID-19 3-6%in patients treated with

UFH, rare with LMWH

Legend: DDAb - drug dependant antibodies; LMWH - Low-molecular-weight heparin; UFH
- unfractionated heparin

danazol, moxonidine, ethambutol, diclofenac, tiro-
fiban, haloperidol, efalizumab, irinotecan, ibuprofen,
piperacillin, gold preparations, phenytoin, triamterene/
hydrochlorothiazide, naproxen, hydrochlorothiazide,
oxaliplatin, interferon alfa, methyldopa, nalidixic acid,
quinine, quinidine, rifampin, ranitidine, sulfisoxazole,
simvastatin, valproic acid, and vancomycin [4,9]. Along
with medications, certain foods, beverages, and herbal
preparations can also cause DITP [10].

The onset of thrombocytopenia typically occurs
within one to three days after starting the drug if it has
been used before, or within 7 to 15 days if the drug is
being administered for the first time [1]. Exceptions
include GPIlIb/llla antagonists (such as abciximab, tiro-
fiban, and eptifibatide), which can cause thrombocy-
topenia within hours or even minutes after starting
therapy [4]. However, DITP can occur even after discon-
tinuing the drug or persist for an extended period. Ex-
amples include therapy with gold, alemtuzumab, and
immune checkpoint inhibitors [4]. In a Phase 2 clinical
study evaluating the efficacy and safety of alemtuzum-
ab for treating relapsing-remitting multiple sclerosis,
thrombocytopenia was observed in 6 out of 216 pa-
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Shema 1. Shematski prikaz patofiziologije A. Lekovima uzrokovane trombo-
citopenije (LITP) — klasi¢ne; B. Trombocitopenije indukovane lekovima bloka-
torima kontrolnih tacaka; C. Heparinom-indukovane trombocitopenije (HIT);
D. Vakcinom indukovane trombozne trombocitopenije (VITT). (Prilagodeno iz
Marini et al. [3])

koji su nastali posle duzeg vremena od uvodenja leka -
pet meseci od uvodenja dabigatrana kod pacijentkinje
sa atrijalnom fibrilacijom [12] ili ¢ak 10 godina od uvo-
denja interferona beta-1a pacijentkinji sa dijagnozom
multiple skleroze [13]. Sa druge strane, ucestalost LITP
u sklopu le¢enja blokatorima kontrolnih tacaka krece
se od 0,2-2,8% i veoma retko je teskog stepena i sa fa-
talnim ishodom. Najveci broj opisanih slucajeva uzro-

Figure 1. Schematic representation of the pathophysiology of A. Drug-
induced thrombocytopenia (DITP) - classic; B. Immune-checkpoint inhibitor
(IC1) induced thrombocytopenia; C. Heparin-induced thrombocytopenia (HIT);
D. Vaccine-induced immune thrombotic thrombocytopenia (VITT). (Adapted
from Marini et al. [3])

tients. This condition emerged 1 to 15 months after
the last dose of the drug and was effectively managed
with standard treatment for primary immune throm-
bocytopenia (ITP) [11]. It is of interest to note that cas-
es of drug-induced immune thrombocytopenia (DITP)
have also been reported long after the drug was in-
troduced—such as five months after starting dabiga-
tran in a patient with atrial fibrillation [12], or even ten
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kovan je nivolumabom i pembrolizumabom. Smatra se
da je posledica oporavka T limfocita u sklopu imuno-
loSke terapije sa posledi¢nim stvaranjem autoantitela
na trombocitne antigene, kao u ITP [14] (Shema 1B).

KLINICKA SLIKA LEKOM UZROKOVANE
IMUNSKE TROMBOCITOPENIJE

Trombocitopenija u sklopu LITP nastaje akutno, moze
biti teSkog stepena (nadir broja trombocita < 20x10%L),
uz Zivotno ugrozavajuce krvarenje [1,3,4]. Naime, po-
kazano je da ¢ak 67% bolesnika krvari, da njih 9% ima
masivno krvarenje, a da ¢ak 0,8% egzitira [15]. Medu-
tim, kod heparinom uzrokovane trombocitopenije
(HIT), nadir broja trombocita je oko 60x10%L, retko
se registruje trombocitopenija < 20x10%L, a umesto
krvarenja klinickom slikom dominiraju tromboze [16].
Zivotno ugrozavajuce tromboze se takode javljaju i u
vakcinom indukovanoj tromboznoj trombocitopeniji
(VITT). U LITP mogu se javiti i febrilnost, hipotenzija,
sinkopa, mucnina i povracdanje [3,4].

PROCENA VEROVATNOCE NASTANKA LEKOM
UZROKOVANE TROMBOCITOPENUE

Algoritam za procenu verovatnoce nastanka LITP je
prikazan Shemom 2. S obzirom na to da u rutinskoj
praksi nisu dostupni specifi¢ni dijagnosticki testovi/ili
biomarkeri za LITP, prvi korak u le¢enju LITP je posum-
njati na lek kao uzrok trombocitopenije da bi potom
lek koji je sumnjiv odmah bio obustavljen i zamenjen
lekom drugacije hemijske strukture. Ukoliko bolesnik
koristi veci broj lekova koji su istovremeno uvedeni,
savetuje se korekcija celokupne terapije [4]. S obzi-
rom da se oporavak broja trombocita ocekuje u pro-
seku za 7 dana (opseg: 1-15), a prisutan je hemoragij-
ski sindrom, preporucuju se primena kortikosteroida,
intravenskih imunoglobulina i terapijske izmene plaz-
me, a samo u slucaju intenzivnog krvarenja transfuzi-
ja trombocita. Medutim, tek po isteku 4-5 poluzivota
uzro¢nika LITP ili njegovog metabolita moze se oceki-
vati porast broja trombocita. Takode, transfuzija trom-
bocita bi¢e neefikasna dokle god su prisutni bilo lek
bilo njegovi metaboliti u plazmi pacijenta [4]. S druge
strane, ukoliko su blokatori kontrolnih tacaka uzroko-
vali LITP, modifikacija doze ovih lekova u zavisnosti od
broja trombocita regulisana je preporukama Ameri¢-
kog udruzenja onkologa [17,18]. U diferencijalnoj di-
jagnozi LITP treba razmatrati ITP, trombocitopeniju u
sklopu sepse, diseminovanu intravaskularnu koagula-
ciju (DIK), tromboti¢nu trombocitopenijsku purpuru
(TTP), i posttransfuzionu purpuru [4]. Neophodno je
pacijenta posavetovati da dozZivotno izbegava osum-
njiceni lek.

DRUG-INDUCED THROMBOCYTOPENIA

years after beginning interferon beta-1a treatment in
a patient with multiple sclerosis [13]. Conversely, the
incidence of DITP associated with checkpoint blockers
ranges from 0.2% to 2.8%. Severe or fatal cases are ex-
tremely rare. Most of the reported cases were associ-
ated by nivolumab and pembrolizumab. It is believed
that this condition arises from the recovery of T lym-
phocytes during immunotherapy, which leads to the
formation of autoantibodies against platelet antigens,
similar to what occurs in immune thrombocytopenia
(ITP) [14] (Figure1B).

CLINICAL PRESENTATION OF DRUG-INDUCED
THROMBOCYTOPENIA

In drug-induced immune thrombocytopenia (DITP),
thrombocytopenia typically presents acutely and can
be severe, with nadir platelet counts dropping below
20 x 10°/L and potentially leading to life-threatening
bleeding [1,3,4]. Studies have shown that 67% of pa-
tients with DITP experience bleeding, with 9% of these
cases being classified as massive bleeding. Addition-
ally, 0.8% of patients may experience fatal outcomes
[15]. In heparin-induced thrombocytopenia (HIT), the
lowest nadir platelet count typically reaches around
60 x 10°/L, with counts below 20 x 10°/L being rare.
Instead of bleeding, HIT is primarily characterized by
thromboses [16]. Life-threatening thromboses also oc-
cur in vaccine-induced thrombotic thrombocytopenia
(VITT). In DITP, symptoms such as fever, hypotension,
syncope, nausea, and vomiting may also occur [3,4].

EVALUATION OF THE LIKELIHOOD OF DRUG-
INDUCED THROMBOCYTOPENIA

Figure 2 illustrates the algorithm for estimating the
likelihood of DITP. Since specific diagnostic tests or bio-
markers for drug-induced thrombocytopenia (DITP)
are not routinely available, the initial step in manag-
ing DITP is to identify a suspected drug as the cause.
The suspected drug should be promptly discontinued
and replaced with an alternative medication of a differ-
ent chemical structure. If the patient is taking multiple
medications introduced simultaneously, it is advisable
to adjust the entire therapy regimen [4]. Since platelet
count recovery typically occurs within an average of 7
days (range: 1-15 days), and if hemorrhagic symptoms
are present, the use of corticosteroids, intravenous im-
munoglobulins, and therapeutic plasma exchange is
recommended. Platelet transfusion should be consid-
ered only in cases of severe bleeding. However, an in-
crease in platelet count is typically expected only after
the causative agent of DITP or its metabolite has been
cleared from the body, which usually occurs after 4-5
half-lives of the drug. Platelet transfusion will be inef-
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Novonastala trombocitopenija kod pacijenata koji koriste novi lek /
New onset thrombocytopenia in patients taking a new drug

Da/ Yes l,

'''''' ]
[ Broj trombocita < 20 x10°/1? / Drop below < 20x10°/L? ]M

Da/ Yes

A 4
[ Krvarenje? / Bleeding? Ne / No LITP malo verovatna/

DITP unlikely

Da/ Yes l

i

i

]

i

i

]

! _— . . )
! Trombocitopenija izmedu 5. i 10. dana od uvodenja novog

0 leka; ili u prvih nekoliko sati od prvog izlaganja leku (fibani,

] abciksimab) ili izlaganja leku koji je ranije primenjivan? / Ne / No
i

i

i

:

i

Onset of thrombocytopenia 5-10 days, or within hours of the
first drug exposure (fibans, abciximab) or exposure to a drug
taken in the past?

- J

Da / Yes

Dijagnoza / Diagnosis

Lek za koji je prethodno opisana udruZenost sa
trombocitopenijom? / Drug previously reported to be associated
with thrombocytopenia?

Ne / No LITP moguéa/ DITP
possible

Da/ Yes

Najverovatnije LITP/
DITP very likely

Obustava leka. / Stop treatment

Razmotriti primenu intravenskih imunoglobulina i
kortikosteroida/ Consider steroids and intravenous
immunoglobulins

-
Primena transfuzija trombocita samo kod intenzivnog krvarenja/

Platelet transfusion only in case of severe bleeding

Shema 2. Pristup dijagnozi i lecenju pacijenta sa novonastalom trombocito- Figure 2. Diagnostic approach and management of a patient with new-onset
penijom kod kojih se sumnja na lekovima uzrokovanu trombocitopeniju (LITP) thrombocytopenia in whom drug-induced immune thrombocytopenia (DITP) is
(prilagodeno iz Amold DM, Cuker A. [4]) suspected (adapted from Arnold DM, Cuker A. [4])
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HEPARINOM UZROKOVANA
TROMBOCITOPENUA

HIT je steceni protromboti¢ni poremedcaj izazvan pri-
menom heparina, nefrakcionisanog ili niskomoleku-
larnog. Ucastalost HIT-a posle primene niskomoleku-
larnog heparina je 10 puta reda nego posle upotrebe
nefrakcionisanog oblika [16]. Patofizioloski mehani-
zam HIT-a se zasniva na sintezi antitela, naj¢esce klase
IgG, na imunogeni kompleks sastavljen od trombocit-
nog faktora 4 (PF4) i heparina. Vezivanje ovog trojnog
kompleksa za trombocite dovodi do ubrzanog kliren-
sa trombocita i nastanka trombocitopenije sa jedne
strane, i aktivacije i agregacije trombocita i generacije
trombina sa druge strane. Istovremena aktivacija en-
dotela i monocita, sa posledicnom ekspresijom tkiv-
nog faktora na njihovoj povrsini, dodatno potencira
stvaranje trombina (Shema 1C). HIT nastaje 5-10 dana
od uvodenja heparina a izuzetno ranije kod pacijena-
ta lecenih heparinom u prethodna tri meseca. Retko,
HIT moze da se ispolji i po obustavi heparina [16,19].
Kod 5-10% pacijenata sa HIT-om koji ispolje DIK moze
nastati tezi stepen trombocitopenije < 20x10%/L [16].
Osim smanjenja broja trombocita za 50% od najveceg
registrovanog broja trombocita pre uvodenja heparina,
u 20-50% slucajeva nastaju venske, a rede i arterijske
tromboze u narednih 30 dana. Pored toga, HIT se moze
ispoljiti i bolnim koznim eritematoznim i nekroti¢nim
promenama, narocito na mestu injekcija, intrakardijal-
nim trombima i mezenterijalnim infarktima. Opisuju
se i pojava febrilnosti, eritema lica i prolazne amnezije
nastale 30 minuta posle primene intravenskog bolu-
sa heparina [16]. Obustava heparina kod bolesnika sa
HIT-om je nedovoljna mera te se mora primeniti alter-
nativna antikoagulantna terapija. Pritom, teZak stepen
trombocitopenije nije kontraindikacija za primenu ove
antikoagulantne terapije [16].

PRISTUP PACIJENTU SA SUMNJOM NA HIT

Ukoliko se registruje trombocitopenija kod bolesnika
koji je na terapiji heparinom izracunavanjem 4Ts skora
procenjuje se verovatnoca za nastanak HIT-a (Tabela 2)
[16,19].

Ovaj bodovni sistem ima umereno pozitivnhu pre-
diktivnu i visoko negativnu prediktivhu vrednost. S
druge strane, laboratorijska potvrda HIT-a bazira se na
dokazu antitela uperenih na kompleks PF4-heparin.
U rutinskoj upotrebi je nekoliko enzimskih imunosor-
bentnih (ELISA) testova koji imaju visoku negativnu
prediktivnu vrednost $to ih Cini korisnim u iskljuciva-
nju HIT-a. Medutim, usled njihove niske specificnosti
pozitivan test nema veliku vrednost u potvrdi klinicke
sumnje na HIT. Pristup pacijentu sa sumnjom na HIT
prikazan je Shemom 3.

DRUG-INDUCED THROMBOCYTOPENIA

fective as long as the drug or its metabolites remain
present in the patient’s plasma [4]. On the other hand,
if checkpoint blockers are the cause of DITP, dose ad-
justments based on platelet counts should follow the
guidelines provided by the American Society of Clinical
Oncology [17,18]. In the differential diagnosis of DITP,
it is important to consider immune thrombocytopenia
(ITP), thrombocytopenia due to sepsis, disseminated
intravascular coagulation (DIC), thrombotic thrombo-
cytopenic purpura (TTP), and post-transfusion purpura
[4]. The patient should be advised to avoid the suspect-
ed drug for life.

HEPARIN-INDUCED THROMBOCYTOPENIA

HIT is an acquired prothrombotic disorder triggered
by the use of heparin, whether unfractionated or
low molecular weight. The incidence of HIT with low
molecular weight heparin is about ten times lower
compared to unfractionated heparin [16]. The patho-
physiological mechanism of HIT involves the forma-
tion of antibodies, typically of the IgG class, against
an immunogenic complex composed of platelet
factor 4 (PF4) and heparin. The binding of this ter-
nary complex to platelets results in their accelerated
clearance, leading to thrombocytopenia. Simulta-
neously, it triggers platelet activation and aggrega-
tion, as well as thrombin generation. Simultaneous
activation of endothelial cells and monocytes, along
with the expression of tissue factor on their surfac-
es, further enhances thrombin generation (Figure 1C).
HIT typically occurs 5-10 days after starting heparin
therapy, but it can develop much earlier in patients
who have received heparin within the previous three
months. Rarely, HIT can also occur after stopping
heparin [16,19]. In 5-10% of patients with HIT who de-
velop disseminated intravascular coagulation (DIC),
thrombocytopenia may be more severe, with plate-
let counts dropping below 20 x 10°/L [16]. In addition
to a 50% reduction in the highest recorded platelet
count before starting heparin, 20-50% of patients
may develop venous, and less frequently arterial,
thrombosis within the following 30 days. HIT can also
present with painful erythematous and necrotic skin
changes, particularly at injection sites, as well as int-
racardiac thrombi and mesenteric infarcts. Symptoms
such as fever, facial erythema, and transient amnesia
can occur within 30 minutes after administering an
intravenous bolus of heparin [16]. Merely suspending
heparin in patients with HIT is inadequate; alternative
anticoagulant therapy must be implemented. At the
same time, severe thrombocytopenia is not a contra-
indication for using alternative anticoagulant therapy
in HIT [16].
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HIT 4T skor/ HIT 4T score

|

Nizak 4T skor (0-3)/ Low 4T score (0-3)

Intermedijaran (4-5) ili visok 4T skor (6-8)/
Intermediate (4-5) or high 4T score (6-8)

Mala verovatnoéa za HIT — nastaviti heparin/ HIT
unlikely — continue heparin

Obustava svih vrsta heparina. Uklju¢iti neheparinske

antikoagulanse/ Stop all sources of heparin. Start
alternative anticoagulation

Intermedijaran HIT 4T skor:
Fondaparin® 2,5-5mg **/ Intermediate HIT 4T score:
Fondaparinux™* 2.5-5mg**

VIsok HIT 4T skor:
Fondaparin® 5-7,5mg**/
High HIT 47T score:
Fondaparinux™ 5-7.5mg **

|

Negativna’ Negative

PF4/heparin (ELISA)

Pozitivna ' Positive

Nastaviti heparin/ Continue heparin

Fondaparin* 5-7,5mg**/ Fondaparinux™® 5-7.5mg**

Shema 3. Protokol postupanja kod sumnje na heparinom uzrokovanu trombo-
citopeniju (HIT) (prilagodeno iz Crowther M, Pishko A. [16])

*fondaparinuks je za sada jedini dostupan neheparinski antikogulans u Repu-
blici Srbiji

**u zavisnosti od telesne mase

Naime, ukoliko je 4Ts skor < 3, verovatnoca HIT-a je
mala, zbog ¢ega se ne savetuje obustava heparina, ali
ukoliko je skor intermedijaran ili visok (= 4), neophod-
na je obustava svih vrsta heparina, $to podrazumeva i
propiranje venskih linija i upotrebu ekstrakorporalnih
membranskih oksigenatora, a potom uvodenje nehe-
parinskih antikoagulansa (NHA). Takode je neophodno
odredivanje titra antiheparinskih antitela. Ukoliko su
antiheparinska antitela odsutna treba obustaviti NHA
i nastaviti primenu heparina, a u slucaju pozitivhog
testa, leCenje se nastavlja sa NHA [16,19]. Izbor NHA
zavisi od karakteristika i dostupnosti pojedinih NHA sa
jedne strane, i karakteristika pacijenta sa druge [16].-

Varfarin i ostali oralni antikoagulansi ne koriste se
u leenju pacijenata sa aktivnim HIT jer u HIT-u sa du-
bokom venskom trombozom, pogotovo sa vrednoscu
INR > 4, smanjenim nivoom proteina C i povisenim
trombin-antitrombin kompleksima moze nastati gan-
grena ekstremiteta. Medutim, ovi lekovi se mogu pri-
meniti kod klinicki stabilnih pacijenata Cije je stvaranje
trombina kontrolisano sa NHA i koji su normalizovali
broj trombocita [16]. Ukoliko se kod pacijenta sa HIT-
om razvila tromboza, antikoagulantnu terapiju treba
sprovoditi tokom najmanje tri meseca. S druge strane,
ukoliko je HIT kod pacijenta protekao bez tromboze,

Figure 3. SHIT protocol (adapted from Crowther M, Pishko A. [16])
*fondaparinuks is the only non-heparin antivoagulans in Serbia currently
** depending on body weight

APPROACH TO A PATIENT WITH SUSPECTED
HIT

If a patient on heparin therapy develops thrombocy-
topenia, the likelihood of HIT is assessed using the 4Ts
score (Table 2) [16,19].

This scoring system has a moderate positive pre-
dictive value and a high negative predictive value. On
the other hand, laboratory confirmation of HIT relies
on detecting antibodies specific to the PF4-heparin
complex. Several enzyme-linked immunosorbent as-
say (ELISA) tests are routinely used and have a high
negative predictive value, making them effective for
ruling out HIT. However, due to their low specificity, a
positive test result has limited value in confirming the
clinical suspicion of HIT. The approach to a patient with
suspected HIT is outlined in Figure 3.

If the 4Ts score is < 3, the probability of HIT is con-
sidered low, so discontinuing heparin is not necessary.
However, if the score is intermediate or high (= 4), all
forms of heparin should be stopped, which includes
removing venous lines and discontinuing the use of
extracorporeal membrane oxygenators. In such cas-
es, non-heparin anticoagulants (NHAs) should be in-
troduced. It is also important to measure the titer of
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Tabela 2. 4Ts bodovni sistem za procenu rizika od nastanka heparinom induko-
vane trombocitopenije (HIT) (prilagodeno iz Crowther M, Pishko A. [16])

Parametar / Category

Trombocitopenija / Thrombocytopenia

DRUG-INDUCED THROMBOCYTOPENIA

Table 2. 4Ts score for heparin-induced thrombocytopenia (HIT) (adapted from
Crowther M, Pishko A. [16])

Broj poena / Points

Broj Tr snizen za > 50% od inicijalne vrednosti i minimalan broj Tr > 20x10°/L / Platelet count fall > 50% and platelet nadir > 20x10°/L 2
Broj Tr snizen za 30-50% od inicijalne vrednosti ili minimalan broj Tr 10-19x10°/L / Platelet count fall 30-50% or platelet nadir 10-19x10°/L
Broj Tr snizen < 30% od inicijalne vrednosti ili minimalni broj Tr < 10°/L / Platelet count fall < 30% or platelet nadir <10°%/L 0

Vreme proteklo od uvodenja heparina do pojave trombocitopenije / Timing of platelet count fall

[zmedu 5.1 10. dana terapije ili < 1 dana u slucaju primene heparina tokom prethodnih 30 dana / Clear onset between days 5 - 10 or falls <1 2

day in case of prior heparin exposure during the last 30 days

>10. danaiili < 1 dana u slucaju primene heparina tokom prethodnih 30-100 dana / Onset > 10 day or falls < 1 day in case of prior heparin 1

exposure within prior 30-100 days

<4 dana od pocetka terapije ili > 14 dana po izlaganju / Platelet count falls < 4 days or >14 days after exposure

Tromboze i ostale komplikacije / Thrombosis or other sequelae

Nova potvrdena tromboza i: nekroza koZe, akutna sistemska reakcija posle intravenskog bolusa nefrakcionisanog heparina, progresivnaili

rekurentna tromboza, eritem koZe, bez nekroze / New thrombosis (confirmed); necrotizing and non-necrotizing skin lesions; acute systemic

reaction post-intravenous UFH bolus; progressive or recurrent thrombosis
Sumnja na trombozu (nedokazana) / Suspected thrombosis (not proven)

Nijedno od navedenog / None of the above

Trombocitopenija, drugi uzroci / Other causes of thrombocytopenia
Nema / None apparent
Mogui drugi uzroci / Possible

Dokazani drugi uzroci / Definite

Legenda: Tr- trombociti

leCenje se sprovodi tokom Cetiri nedelje [16,19]. Paci-
jent kome je jednom dijagnostikovan HIT vise se ne
sme izlagati heparinu, osim pod kontrolom specijalizo-
vanog tima [20].

VAKCINOM INDUKOVANA TROMBOZNA
TROMBOCITOPENLA

VITT se odlikuje nastankom tromboze i trombocitope-
nije 4 do 30 dana od primene adenovirusne vektorske
vakcine. Naime, ucestalost VITT je 2.5-38/milion prime-
njenih prvih doza ChadOx1 nCov19 i 1.9/ milion dru-
gih doza [21]. S druge strane, saopstena je ulestalost
VITT od 3.5/milion primenjenih doza Ad26.CoV2.S [22].
Smatra se da je klju¢ni dogadaj u nastanku VITT stva-
ranje antitela klase IgG na PF4 usled formiranja neo-
antigena na PF4 prilikom njegovog vezivanja za kom-
ponentu vakcine. Naime, anti-PF4 antitelo vezuje se za
PF4 na povrsini trombocita $to prouzrokuje aktivaciju

Legend: UFH - unfractionated heparin

anti-heparin antibodies. If anti-heparin antibodies are
absent, NHAs should be discontinued, and heparin ad-
ministration can be resumed. If the test is positive, con-
tinue treatment with NHA [16,19]. The choice of NHA
depends on both the specific characteristics and avail-
ability of each NHA and the individual patient’s clinical
condition [16].

Warfarin and other oral anticoagulants are not
used in the treatment of patients with active HIT. In
cases of HIT with deep vein thrombosis, particularly
with an INR value > 4, there is a risk of limb gangrene
due to reduced levels of protein C and elevated throm-
bin-antithrombin complexes. However, these drugs
can be used in clinically stable patients whose throm-
bin generation is controlled with NHA and whose
platelet count has normalized [16]. If a patient with HIT
develops thrombosis, anticoagulant therapy should be
continued for at least three months. Conversely, if the
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trombocita uz oslobadanje prokoagulantnih supstanci
(Shema 1D). Oko dve nedelje posle vakcinacije, javljaju
se krvarenje usled teskog stepena trombocitopenije i
tromboza, najcesce u cerebralnim venskim sinusima,
kojoj prethodi intenzivna glavobolja. Dokazano je da
anti-PF4 antitela perzistiraju u organizmu obolelih od
VITT ¢ak 12 do 15 meseci od vakcinacije [23]. Kod 30%
pacijenata javlja se intrakranijalno krvarenje koje je Ce-
sto fatalno. Smrtnost u VITT se krec¢e od 20- 60% [24-
25]. Po svom klini¢ckom ispoljavanju VITT veoma li¢i na
HIT, a jedina razlika je 3to pacijent nije prethodno bio
izlozen heparinu. U leCenju VITT koriste se neheparin-
ski antikoagulansi, intravenski imunoglobulini i korti-
kosteroidi ukoliko je broj trombocita < 50x10°/L, dok
transfuzije trombocita treba izbegavati zbog rizika od
tromboze.

Sukob interesa: Nije prijavljen.

patient’s HIT resolves without thrombosis, treatment
should be continued for four weeks [16,19]. A patient
who has been diagnosed with HIT should avoid re-ex-
posure to heparin, unless under the supervision of a
specialized medical team [20].

VACCINE-INDUCED THROMBOTIC
THROMBOCYTOPENIA

VITT is characterized by the onset of thrombosis and
thrombocytopenia occurring 4 to 30 days after admin-
istration of an adenoviral vector vaccine. The frequen-
cy of VITT is approximately 2.5 to 38 cases per million
doses administered for the first dose of the ChAdOx1
nCoV-19 vaccine and about 1.9 cases per million for
the second dose [21]. Conversely, the frequency of VITT
with the Ad26.CoV2.S vaccine has been reported as 3.5
cases per million doses administered [22]. The devel-
opment of VITT is believed to be primarily triggered by
the generation of IgG antibodies against platelet factor
4 (PF4). This occurs due to the formation of a neoanti-
gen on PF4 when it binds to the vaccine component.
Namely, the anti-PF4 antibodies bind to PF4 on the
surface of platelets, leading to platelet activation and
the release of procoagulant substances (Figure 1D). Ap-
proximately two weeks after vaccination, bleeding may
occur due to severe thrombocytopenia and thrombo-
sis, commonly affecting the cerebral venous sinuses
and often preceded by intense headaches. It has been
proven that anti-PF4 antibodiespersist in the body of
VITT patients even 12 to 15 months after vaccination
[23]. Intracranial bleeding occurs in about 30% of pa-
tients, and it is often fatal. Mortality in VITT ranges from
20-60% [24-25]. Clinically, VITT closely resembles HIT,
the only difference being that the patient has not pre-
viously been exposed to heparin. In the treatment of
VITT, non-heparin anticoagulants, intravenous immu-
noglobulins, and corticosteroids are used if the plate-
let count is < 50 x 10%/L. Platelet transfusions should
be avoided due to the risk of exacerbating thrombosis.

Conflict of interest: None declared.
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SAZETAK

Kljuc lecenja i prevencije venskog tromboembolizma (VTE) predstavlja prime-
na antikoagulantne terapije. Dugi niz godina, kamen temeljac je predstavljala
primena antagonista vitamina K (VKA) koja je bila povezana sa mnogobrojnim
preprekama i komplikacijama. Uvodenjem nove generacije direktnih oralnih
antikoagulantnih lekova (DOAK) neke od prepreka, kao $to su brzina postizanja
terapijskog efekta, fiksna doza, inhibicija manjeg broja koagulacionih faktora,
manji broj interakcija sa lekovima su prevazidene, uz zadrZavanje adekvatnog
bezbedonosnog profila. Stoga su se DOAK vrlo brzo nali u preporukama za lece-
nje i prevenciju VTE, kao i za prevenciju ishemijskih komplikacija kod pacijenata
sa atrijalnom fibrilacijom bez mehanicke valvule. Ipak, primenom antikoagulan-
tne terapije, narusava se homeostaza, te lecenjem ili sprecavanjem VTE sa jedne
strane, povecavamo rizik od krvarenja sa druge. Brojne studije, kako randomizo-
vane klinicke, tako i retrospektivne su analizirale rizik od krvarenja nakon prime-
ne DOAK u poredenju sa VKA, kao i izmedu DOAK medusobno. Nedvosmisleno je
pokazano da je rizik od intrakranijalne hemoragije manji sa DOAK u poredenju
sa VKA, dok je vecina studija pokazala da je i rizik od major krvarenja isti ili ¢ak i
manji sa DOAK. Upravo veca bezbednost, efikasnost, kao i jednostavna primena
DOAK su dovela do toga da se sve cesce primenjuju u svakodnevnoj klinickoj prak-
si, te se €ini da ¢e VKA postepeno postati deo istorije, odnosno da ce se koristiti
samo u odredenoj, jasno definisanoj populaciji.

Kljucne redi: krvarenje, venski tromboembolizam, antikoagulansi
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ABSTRACT

The milestone of treating and preventing venous thromboembolism (VTE) is
the application of anticoagulants. For many years the cornerstone was the use
of vitamin K antagonists (VKAs), but it was associated with numerous obstacles
and complications. With the introduction of a new generation of direct oral an-
ticoagulants (DOAC), some of the difficulties, such as delayed onset/offset of the
action, individual dose modifications, inhibition of several coagulation factors,
need for frequent monitoring of prothrombin time, multiple drug interactions,
have been overcome, while maintaining an adequate safety profile. Therefore,
DOACs have rapidly replaced VKAs as a standard of care in the treatment and
prevention of VTE, as well as in the prevention of ischemic complications in pa-
tients with non-valvular atrial fibrillation. However, the expected consequence
of the use of anticoagulant drugs is increased bleeding risk. Several randomized
and retrospective studies have analyzed the risk of bleeding associated with the
use of DOACs compared to VKAs and between DOACs. It has been clearly shown
that intracranial hemorrhage risk is decreased with DOAC compared to VKA,
while most studies have shown that the risk of major bleeding is the same or
even lower with DOAC. Considering DOAC's efficacy, excellent safety, and simple
application compared with VKAs, it does not surprise their increasingly frequent
application in everyday clinical practice. Will VKAs gradually become a part of
history, or will their use be limited to a specific, clearly defined population? The
time has to show.

Keywords: bleeding risk, venous thromboembolism, anticoagulants
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uvoD

Antagonisti vitamina K (VKA) su kamen temeljac u
prevenciji i le¢enju venske tromboembolije (VTE) vise
od pola veka. Medutim, njihova upotreba takode ima
brojne poteskoce, kao $to su odlozeni pocetak/presta-
nak delovanja, individualna varijabilnost doze, brojne
interakcije lekova i hranljivih materija i potreba za ce-
stim pracenjem terapijskog opsega [1]. Sve navedeno
je dovelo do stvaranja novih lekova, direktnih oralnih
antikoagulanasa (DOAK), koji blokiranjem faktora lla
(dabigatran) ili faktora Xa (rivaroksaban, edoksaban,
apiksaban) postizu Zeljeni antikoagulantni efekat [2].
DOAK, kao klasa lekova, efikasni su i bezbedni, barem
kao VKA, sa fiksnim rasporedom doza, manjim brojem
interakcija lek-lek i bez potrebe za pracenjem [2]. Na-
vedene prednosti dovele su do toga da su DOAK u ve-
likoj meri zamenili VKA, pa se sada sve vise koriste u
prevenciji i leCenju VTE, kao i u prevenciji ishemijskog
mozdanog udara kod pacijenata sa ne-valvularnom
atrijalnom fibrilacijom (NVAF) [2,3]. Medutim, VKA su i
dalje poZeljna opcija kod pacijenata sa valvularnom AF
i antifosfolipidnim sindromom [4]. Prirodna posledica
antikoagulantnog dejstva i VKA i DOAK je krvarenje,
koje moze biti tesko i ponekad opasno po Zivot. Lece-
nje krvarenja povezanih sa DOAK moze biti izazovno iz
nekoliko razloga: rutinski testovi koagulacije ne poka-
zuju antikoagulacionu aktivnost, reverzibilni agensi ¢e-
sto nisu dostupni, a u nekim slu¢ajevima mogu biti ¢ak
i protromboti¢ni [5]. Sa klinicke tacke gledista, klju¢no
je utvrditi koliko ¢esto se moze ocekivati krvarenje po-
vezano sa upotrebom DOAK i koji su prediktivni faktori
za ovu komplikaciju. Na osnovu toga bi se mogle na-
praviti dalje strategije i planovi le¢enja.

RIZIK OD KRVARENJA KOD PACIJENATA SA
AKUTNOM VTE

Nekoliko randomizovanih kontrolisanih studija (RCT)
uporedilo je efikasnost i bezbednost razli¢itih DOAK
sa VKA ili heparinom niske molekularne tezine (LMVH)
kod pacijenata sa akutnom VTE [6]. U okviru pomenu-
tih studija pracena je incidencija major i non-major
krvarenja (Tabela 1). Major krvarenje je definisano kao
klinicki teSko krvarenje udruzeno sa smanjenjem ni-
voa hemoglobina za > 20 g/L, potrebom za transfuzi-
jom = 2 jedinice koncentrovanih eritrocita, krvarenje
u “kriticne” lokalizacije (npr. intrakranijalana, retrope-
ritonealna) ili fatalno krvarenje. Sva druga krvarenja
od klinickog znacaja okarakterisana su kao non-major
krvarenja [7]. U RE-COVER studiji, koja je uporediva-
la bezbednost dabigatrana i varfarina, rizik od major
kraveranja bio je slican u obe grane (HR 0,82; 95% Cl,
0,45-1,48, p = 0,38), dok je rizik od bilo kakvog krvare-

INTRODUCTION

Vitamin K antagonists (VKAs) have been a corner-
stone in preventing and treating venous thromboem-
bolism (VTE) for over half a century. However, their use
also has numerous difficulties, such as a delayed onset/
offset of action, individual dosage variability, numer-
ous drug and nutrient interactions, and the need for
frequent monitoring of the therapeutic range [1]. All
of the above led to the generation of new medicines,
direct oral anticoagulants (DOACs), which, by blocking
Factor lla (dabigatran) or Factor Xa (rivaroxaban, edox-
aban, apixaban), achieve the desired anticoagulant ef-
fect [2]. DOACGs, as a class of drugs, are effective and
safe, at least as VKAs, with fixed-dose schedules, fewer
drug-drug interactions, and no need for monitoring
[2]. The mentioned benefits have led to the fact that
DOACs have largely replaced VKAs, so they are now
increasingly used in the prevention and treatment of
VTE, as well as in the prevention of ischemic stroke
in patients with non-valvular atrial fibrillation (NVAF)
[2,3]. However, VKAs are still a preferable option in pa-
tients with valvular AF and antiphospholipid syndrome
[4]. The natural consequence of the anticoagulant ef-
fect of both VKA and DOAC is bleeding, which can be
severe and sometimes life-threatening. Management
of DOACs associated with bleeding can be challeng-
ing for several reasons: routine coagulation tests do
not demonstrate anticoagulation activity, reversible
agents are often not available, and in some cases, they
can even be prothrombotic [5]. From a clinical point of
view, it is crucial to establish how frequently bleeding
associated with DOAC use could be expected and what
the predictive factors are for this complication. Ac-
cording to this, further strategies and treatment plans
could be made.

BLEEDING RISK IN PATIENTS WITH ACUTE VTE

Several randomized controlled trials (RCT) have com-
pared the efficacy and safety of different DOACs with
VKA or low molecular weight heparin (LMWH) in pa-
tients with acute VTE [6]. Within the mentioned stud-
ies, the incidence of major and non-major bleeding
was monitored (Table 1). Bleeding was defined as
major if it was clinically overt and if it was associated
with a fall in the hemoglobin level of at least 20 g per
liter, resulted in the need for transfusion of 2 or more
units of red cells, involved a critical site (e.g., intra-
cranial, retroperitoneal), or was fatal. All other hem-
orrhages of clinical importance were characterized
as non-major bleedings [7]. In the RE-COVER study,
which compared the safety of dabigatran versus war-
farin, the risk of major bleeding was similar in both
arms (HR 0.82; 95% Cl, 0.45-1.48, p = 0.38), while the
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nja bio nize u grani tretiranoj dabigatranom (HR 0,71,
95% Cl, 0,59-0,85, p < 0,001) [8]. Dve studije, EINSTE-
IN-PE i EINSTEIN-DVT, i njihova objedinjena analiza,
uporedivale su bezbednost rivaroksabana u poredenju
sa enoksabanom ili varfarinom. Pokazalo se da je rizik
od major krvarenja u grani leCenoj sa rivaroksabanom
znacajno manji u odnosu na standardnu terapiju (HR
0,54, 95% Cl, 0,37-0,79, p = 0,002), a apsolutni rizik od
krvarenja smanjen je za 0,8% u korist rivaroksabana [9-
11]. Podaci iz studije AMPLIFY pokazali su superiornost
apiksabana u odnosu na varfarin kada su major krva-
renja u pitanju (HR 0,31, 95% Cl, 0,17-0,55, p < 0,001),
dok je Hokusai-VTE studija pokazala da je incidencija
major krvarenja sli¢na izmedu konvencionalne terapi-
je i edoksabana (HR 0,84, 95% Cl, 0,59-1,21, p = 0,35)
[12,13]. Sve gore pomenute studije su pokazale da je
ucestalost intrakranijalnog krvarenja kod pacijenata
lecenih sa DOAK, bez obzira na specifi¢nu vrstu kori-
$¢enog DOAK-a, niza od one sa varfarinom. Sto se tice
gastrointestinalnog krvarenja, ucestalost je bila nesto
veca sa dabigatranom, manja sa apiksabanom, aista sa
rivaroksabanom i edoksabanom [8-13].

lako rezultati navedenih randomizovanih studija
govore u prilog DOAK, podaci iz RWE (Real Worl Evi-
dence) studija su drugaciji. Tri velike RWE studije iz Sje-
dinjenih Americkih Drzava (SAD) koje su uporedivale
apiksaban i varfarin, pokazale su da je ucestalost major
krvarenja manja kod pacijenata le¢enih apiksabanom
(HR 0,67-0,76). Stavise, ucestalost non-major klini¢ki
znacajnog krvarenja je takode bila niza sa apiksabanom
(HR 0,77) tokom perioda pracenja od 6 meseci [14-16].
Studija sprovedena u Francuskoj na 10 440 pacijenata
sa VTE lecenih sa apiksabanom i 36 922 pacijenta le-
¢ena rivaroksabanom, pokazala je da je rizik od major
krvarenja manji pod apiksabanom u poredenju sa var-
farinom (10 775 pacijenata), dok je slican kod pacijena-
ta lecenih rivaroksabanom i varfarinom tokom Sesto-
mesecnog pracenja [17]. Do sli¢nog zakljuc¢ka kada je
rivaroksaban u pitanju, dosli su i autori XALIA studije u
kojoj je rizik od major krvarenja pod rivaroksabanom
i standardnom terapijom (enoksaban/varfarin) gotovo
identi¢an [18]. GARFIELD-VTE opservaciona studija nije
pokazala statisti¢ki znacajnu razliku u pojavi bilo major
ili bilo kog drugog krvarenja kod pacijenata sa VTE le-
¢enih DOAK i VKA [19].

Rezultati i RCT i RWE studija su pokazali da vecina
DOAK ima identi¢an ili maniji rizik od krvarenja kod pa-
cijenata sa akutnom VTE u poredenju sa standardnom
terapijom. Ipak, pitanje je kolika je ucestalost krvarenja
ukoliko se porede razliciti lekovi iz DOAK grupe. Pore-
deci medusobno rizik od krvarenja kod pacijenata na
rivaroksabanu i apiksabanu, Jin i saradnici su pokazali
da je ucestalost ne-intrakranijalnog krvarenja manja u

risk of any bleeding was lower in dabigatran treated
arm (HR 0.71, 95% Cl, 0.59-0.85, p < 0.001) [8]. Two
studies, EINSTEIN-PE and EINSTEIN-DVT, and their
pooled analysis compared the safety of rivaroxaban
to enoxaban or warfarin. It was shown that the risk
of major bleeding in the rivaroxaban arm was sig-
nificantly lower compared to standard therapy (HR
0.54, 95% Cl, 0.37-0.79, p = 0.002), and the absolute
risk of bleeding was reduced by 0.8% in favor of rivar-
oxaban [9-11]. Data from the AMPLIFY study showed
apixaban superiority compared to warfarin for major
bleeding (HR 0.31,95% Cl, 0.17-0.55, p < 0.001), while
the Hokusai-VTE study showed that the incidence of
major bleeding was similar between edoxaban and
conventional therapy (HR 0.84, 95% ClI, 0.59-1.21,
p =0.35) [12,13]. All of the studies mentioned above
demonstrated that the frequency of intracranial hem-
orrhage in DOAC-treated patients, despite the type of
DOAC used, is lower than that of warfarin. Regarding
gastrointestinal bleeding, it was slightly more familiar
with dabigatran, less common with apixaban, and the
same with rivaroxaban and edoxaban [8-13].

Although the results of the RCTs speak in favor of
DOAC, data from RWE (Real World Evidence) studies
are different. Three large RWE studies from the Unit-
ed States of America (USA) comparing apixaban and
warfarin showed that the frequency of major bleed-
ing was lower in patients treated with apixaban (HR
0.67-0.76). Furthermore, the frequency of non-major
clinically significant bleeding was also lower with
apixaban (HR 0.77) during the follow-up period of 6
months [14-16]. A study in France on 10,440 patients
with VTE treated with apixaban and 36,922 patients
treated with rivaroxaban reported that the risk of
major bleeding was lower with apixaban than with
warfarin (10,775 patients), while it was similar in pa-
tients treated with rivaroxaban and warfarin during
a 6-month follow-up [17]. Regarding rivaroxaban, the
authors of the XALIA study came to a similar conclu-
sion, confirming that the risk of major bleeding was
almost identical between rivaroxaban and standard
therapy (enoxaban/warfarin) [18]. The GARFIELD-VTE
observational study showed no statistically signifi-
cant difference in the occurrence of either major or
any other bleeding in patients with VTE treated with
DOAC and VKA [19].

Results from both RCT and RWE studies have
demonstrated that most DOACs have an identical or
lower risk of bleeding in patients with acute VTE com-
pared with standard therapy. Yet, it remains a question:
are the bleeding risks associated with the use of dif-
ferent DOAC drugs comparable? Evaluating the risk
of bleeding in patients on rivaroxaban and apixaban,
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Tabela 1. Poredenje rizika od krvarenja izmedu varfarina i DOAK kod pacijenata
sa akutnim VTE, rezultati odabranih studija

Studija / Study

AMPLIFY (12) / AMPLIFY (12)

Hokusai-VTE (13) / Hokusai-VTE (13)

RE-COVER (8) / RE-COVER (8)

RE-COVER (8) / RE-COVER (8)

EINSTEIN-PE and EINSTEIN-DVT* (9,10,11) /
EINSTEIN-PE and EINSTEIN-DVT* (9,10,11)

RWE studije SAD (14,15,16) /
RWE studies USA (14,15,16)

RWE studije SAD (14,15,16) /
RWE studies USA (14,15,16)

RWE studija Francuska (17) /
RWE study France (17)

RWE studija Francuska (17) /
RWE study France (17)

XALIA* (18) / XALIA* (18)

*u poredenju sa varfarinom i edoksabanom
RWE - Real World Evidence (Dokazi iz klinicke prakse)

grani le¢enoj apiksabanom [20]. Novija meta-analiza
potvrdila je manju ucestalost major krvarenja sa apik-
sabanom u poredenju sa rivaroksabanom, dok nisu
uocene razlike izmedu apiksabana i dabigatrana ili da-
bigatrana i rivaroksabana [21].

RIZIK OD KRVARENJA KOD PACIJENATA SA
EKSTENDIRANOM PRIMENOM DOAK NAKON
VTE

LeCenje VTE se zasniva na primeni antikoagulantne
terapije, a prema vaze¢im smernicama, primarno le-
Cenje obic¢no traje 3-6 meseci. Kod pacijenata sa VTE
izazvanim prolaznim faktorima rizika (hirurskim ili ne-
hirurskim) terapija se zavrsava u primarnoj fazi [22]. S
druge strane, poseban oprez je potreban kod pacije-
nata sa hroni¢nim faktorima rizika ili kod onih koji su
imali neprovociranu VTE, te vodici u ovoj grupi pred-
lazu ekstendiranu, sekundarnu terapiju i primenu an-
tikoagulanasa sa ciliem prevencije rekurentnih VTE

Vrsta krvarenja / Type of bleeding

Bilo koje krvarenje / Any bleeding

Bilo koje krvarenje / Any bleeding

Major krvarenje / Major bleeding

Bilo koje krvarenje / Any bleeding

Major krvarenje / Major bleeding

Major krvarenje / Major bleeding

Bilo koje krvarenje / Any bleeding

Major krvarenje / Major bleeding

Bilo koje krvarenje / Any bleeding

Major krvarenje / Major bleeding

Table 1. Results of selected studies comparing the risk of bleeding between
DOACs and warfarin in acute VTE setting
Lek/ Drug Rezultati/ Results

apiksaban / apixaban HR 0.31,95% (I, 0.17-0.55, p < 0.001

edoksaban / edoxaban HR 0.84, 95% (I, 0.59-1.21, p =0.35
dabigatran / dabigatran HR 0.82; 95% (I, 0.45-1.48, p = 0.38
dabigatran / dabigatran HR 0.71, 95% (I, 0.59-0.85, p < 0.001

rivaroksaban / rivaroxaban  HR 0.54, 95% (l, 0.37-0.79, p = 0.002

apiksaban / apixaban HR 0.67-0.76, p < 0.05

apiksaban / apixaban HR0.77,p < 0.05

apiksaban / apixaban NiZi / lower

rivaroksaban / rivaroxaban  slican rizik / similar risk

rivaroksaban / rivaroxaban ~ Slican rizik / similar risk

* compared to warfarin and edoxaban
RWE - Real World Evidence

Jin et al. showed that the incidence of non-intracranial
bleeding was lower in the apixaban-treated arm [20].
A more recent meta-analysis confirmed a lower fre-
quency of major bleeding with apixaban compared to
rivaroxaban, while they found no differences between
apixaban and dabigatran or dabigatran and rivarox-
aban [21].

BLEEDING RISK IN PATIENTS WITH EXTENDED
VTE TREATMENT

The treatment of VTE is based on the use of anticoag-
ulant therapy, and according to the current guidelines,
primary treatment usually lasts 3-6 months. In patients
with VTE provoked by transient risk factors (surgical
or non-surgical), therapy is completed in the prima-
ry phase [22]. On the other hand, particular concerns
are needed in patients with unprovoked VTE or those
exposed to chronic risk factors. The guidelines in this
group suggest extended secondary therapy and the
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[22]. Studija EPSTEIN- Extended, koja je analizirala
bezbednost i efikasnost ekstendirane primene rivarok-
sabana u poredenju sa placebom tokom 6-12 meseci,
pokazala je da je rizik od ponovnog VTE smanjen za
82% u grani koja je primala rivaroksaban u kojoj je za-
belezeno 0,7% major krvarenja, odnosno 5,4% klinicki
relevantnih non-major krvarenja [9]. Apiksaban, bilo
u terapijskoj dozi (5 mg) ili u dozi za tromboprofilak-
su (2,5 mg), znacajno je smanjio rizik od ponovnih VTE
dogadaja u poredenju sa placebom, bez povecanja ri-
zika od velikog krvarenja (0,5% u placebo grupi, 0,2%
u apiksaban u grupi od 2,5 mg i 0,1% u grupi sa 5 mg
apiksabana) [23]. Meta-analiza koja je ukljucila 16 RTC
i 22 000 pacijenata pokazala je da je upotreba bilo kog
oralnog antikoagulansa (VKA ili DOAK) znacajno redu-
kovala rizik od retromboza u poredenju sa placebom
ili Aspirinom, dok je veca incidencija major krvarenja
zabeleZzena samo u grani lecenoj VKA u poredenju sa
Aspirinom/placebom [24]. Novija meta-analiza (14 RTC
i 13 kohortnih studija), uporedujuci produzenu upotre-
bu DOAK ili VKA tokom jo$ tri meseca kod pacijenata
sa prvom neprovociranom trombozom, pokazala je
da dugorocni rizik od major krvarenja u obe ispitivane
grupe nije zanemarljiv [25].

Na osnovu ovih zapazanja, bi¢e potrebne dodatne
analize i podaci iz svakodnevne klini¢ke prakse da bi se
doneo definitivan zakljucak o bezbednosti dugoroc¢ne
primene DOAK.

RIZIK OD KRVARENJA KOD PACIJENATA SA
NEVALVULARNOM AF

Direktni oralni antikoagulansi se koriste za prevenciju
ishemijskog mozdanog udara i sistemske embolizacije
kod pacijenata sa NVAF [2,3]. Nekoliko RTC (ROCKET AF,
RE-LY, ENGAGE AF-TIMI 48, ARISTOTLE) uporedivalo je
rizik od krvarenja izmedu DOAK i standardne terapije
VKA (Tabela 2).

Rizik od major krvarenja bio je maniji kod pacijena-
ta leCenih dabigatranom u dozi od 110 mg (HR 0,80),
apiksabanom (HR 0,69) i niskom/visokom dozom
edoksabana (HR 0,47/0,80) u poredenju sa varfarinom.
Sa druge strane, rizik je bio sli¢an u granama lecenim
primenom dabigatrana u dozi od 150 mg i rivaroksa-
bana u poredenju sa varfarinom. Rizik od intrakranijal-
nog krvarenja je znacajno smanjen upotrebom DOAK,
dok je rizik od gastrointestinalnog krvarenja bio vedi sa
rivaroksabanom, dabigatranom 150 mg i visokim do-
zama edoksabana u poredenju sa varfarinom [26-29].
Meta-analiza na 94 656 pacijenata pokazala je da apik-
saban 5 mg/12h, dabigatran 110 mg/12h, edoksaban
30 mg/dan i edoksaban 60 mg/dan dovode do znacaj-
no nizeg rizika od major krvarenja u poredenju sa var-
farinom. Rizik od major krvarenja bio je ve¢i sa dabiga-

use of anticoagulants to prevent recurrent VTE [22]. The
EPSTEIN-Extended study, which analyzed the safety
and efficacy of extended use of rivaroxaban compared
to placebo for 6-12 months, showed that the risk of
recurrent VTE was reduced by 82% in the rivaroxaban
arm, with 0.7% incidence of major bleeding, and 5.4%
of clinically relevant non-major bleeding [9]. Apixaban,
either in the therapeutic dose (5mg) or in the throm-
boprophylaxis dose (2.5 mg), significantly reduced the
risk of recurrent VTE events compared to placebo, with-
out increasing the risk of major bleeding (0.5% in the
placebo group, 0.2% in the apixaban 2.5mg group and
0.1% in the apixaban 5mg group) [23]. A meta-analysis
thatincluded 16 RTCs and 22,000 patients showed that
the use of any oral anticoagulant (VKAs or DOACs) sig-
nificantly reduced the risk of new thromboembolism
compared to placebo or Aspirin. The higher incidence
of major bleeding was noted only in the VKA arm
compared to Aspirin/placebo [24]. A more recent me-
ta-analysis (14 RTC and 13 cohort studies), comparing
the extended use of DOACs or VKAs for another three
months in patients with first unprovoked thrombosis,
described that the long-term risks and outcomes of
anticoagulant-related major bleeding were significant
with both VKAs and DOACs [25].

Based on these observations, additional analyses
and data from RWE will be needed to reach a definitive
conclusion on the safety of long-term use of DOACs.

BLEEDING RISK IN PATIENTS WITH NON-
VALVULAR AF

Direct oral anticoagulants are used to prevent ischemic
stroke and systemic embolization in patients with NVAF
[2,3]. Several RTCs (ROCKET AF, RE-LY, ENGAGE AF-TIMI
48, ARISTOTLE) compared bleeding risks between DO-
ACs and standard VKA therapy (Table 2).

The risk of major bleeding was lower in patients
treated with dabigatran 110 mg (HR 0.80), apixaban
(HR 0.69), and low/high dose edoxaban (HR 0.47/0.80)
compared to warfarin. In comparison, the risk was
similar in the dabigatran 150 mg and rivaroxaban
arm compared to warfarin. The risk of intracranial
hemorrhage was significantly decreased by using
DOACs than VKAs. The risk of gastrointestinal bleed-
ing was higher with rivaroxaban, dabigatran 150mg,
and high-dose edoxaban compared to warfarin [26-
29]. A meta-analysis of 94,656 patients showed that
apixaban 5 mg/12h, dabigatran 110 mg/12h, edox-
aban 30 mg/day, and edoxaban 60 mg/day lead to a
significantly lower risk of major bleeding compared
to warfarin. The risk of major bleeding was higher
with dabigatran 150 mg/12h than with apixaban 5
mg/12h, with rivaroxaban 20 mg/12h compared to
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Tabela 2. Razliciti sistemi bodovanja za procenu verovatnoce krvarenja kod
pacijenata sa AF

Hipertenzija / Hypertension

Abnormalna funkcija bubrega/jetre / Abnormal renal/liver function
Mozdani udar / Stroke

Istorija krvarenja ili predispozicija / Bleeding history or predisposition
Krvarenje iz Gl trakta / G/ tract bleeding

Labilan iNR/ Labile iNR

Starost/ Age

Lekovi (NSAID)/alkohol / Drugs (NSAID)/Alcohol
0zbiljni komorbiditet / Serious comorbidity

Pol / Sex

Dijabetes Melitus / Diabetes Mellitus

Hroni¢na srcana insuficijencija / Chronic Heart Failure
Proteinurija / Proteinuria

eGFR

Anemija / Anaemia

Antiplatelet th/ Antiplatelet th

GDF-15

cTn-hs

Trombocitopenija / Thrombocytopenia

Rizik od pada / Fall risk

Serumski holesterol / Serum cholesterol

Istorija maligniteta / Malignancy history

Genetski faktori / Genetic factors

Gl — gastrointestinalni, iNR — internacionalni normalizovani odnos, NSAID — nesteroidni
antiinflamatorni lekovi, eGFR — procenjena glomerulska filtracija, CDF-15 — Faktor diferen-

cijacije rasta 15, cTn-hs — visokosenzitivni troponin

tranom 150 mg/12 h nego sa apiksabanom 5 mg/12
h, sa rivaroksabanom 20 mg/12 h u poredenju sa apik-
sabanom 5 mg/12 h i sa rivaroksabanom 20 mg/12h u
poredenju sa edoksabanom 60 mg/dan. Ipak, rizik od
intrakranijalnog krvarenja je bio nizak, sa skoro svim
DOAK u svim dozama [30].

Novija meta-analiza, koja je ukljucivala veliki broj
retrospektivnih kohortnih studija i skoro pola miliona
pacijenata iz Evrope sa NVAF, uporedujudi bezbednost
DOAK u odnosu na VKA, zakljucila je da ne postoji vedi
rizik od major krvarenja sa DOAK u odnosu na VKA
(HR 0,94, 95% Cl, 0,87-1,02). Nasuprot tome, uocene
su razlike izmedu razli¢itih DOAK. Tako su, na primer,
pacijenti na rivaroksabanu imali nesto vecu ucestalost
krvarenja od VKA, dok je ucestalost kod dabigatrana
i apiksabana u poredenju sa VKA bila niza [31]. Pored
toga, rezultati drugih studija potvrdili su da rizik od

Table 2. Risk assessment models to evaluate bleeding probability in patients
with AF

HAS-BLED  OBRI  ATRIA ORBIT ABC NBP HEMORR2HAGES

Vv Vv v oW
Vv Vv
v oo Vv
Vv VR
Vv
v
VA Vv
Vv Vv
Vv
Vv Vv
Vv
Vv
Vv
v ooy
Y
v oY
Vv
Vv
v oW
v oo
Vv
Vv
Vv

Gl - gastrointestinal, iNR - International normalized ratio, NSAID - Non-steroidal anti-inflam-
matory drugs, eGFR - Estimated glomerular filtration rate, (DF-15 - Growth differentiation
factor 15, cTn-hs - High-sensitivity cardiac troponin

apixaban 5 mg/12h, and with rivaroxaban 20 mg/12h
compared to edoxaban 60 mg/day. However, the risk
of intracranial bleeding was low, with almost all DO-
ACs at all doses [30].

A more recent meta-analysis, which included a
large number of retrospective cohort studies and al-
most half a million patients from Europe with NVAF,
comparing the safety of DOACs versus VKAs conclud-
ed that there is no greater risk of major bleeding with
DOACs versus VKAs (HR 0.94, 95% Cl, 0.87-1.02). Con-
versely, the differences were observed between differ-
ent DOACs. Thus, for example, patients on rivaroxaban
had a slightly higher bleeding frequency than VKAs,
while the frequency with dabigatran and apixaban
compared to VKAs was lower [31]. Additionally, the re-
sults of other studies confirmed that the risk of bleed-
ing and effectiveness vary within different DOACs. The
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krvarenja i efikasnost variraju unutar razli¢itih DOAK.
Nemacka studija je primetila da je edoksaban efikasniji
u smanjenju rizika od ishemijskog mozdanog udara i
sistemske embolizacije u poredenju sa drugim DOAK
i VKA, uz maniji rizik od krvarenja u poredeniju sa riva-
roksabanom i VKA, odnosno isti kao apiksaban [32].
Uporedujuci DOAK, nekoliko studija je naglasilo da je
apiksaban bezbedniji kada se uzme u obzir rizik od
major krvarenja i gastrointestinalnog/intrakranijalnog
krvarenja u poredeniju sa rivaroksabanom, pa ¢ak i da-
bigatranom, dok je njegova efikasnost u poredenju sa
drugim DOAK jo$ uvek predmet rasprave [33,34].

PREDIKTIVNI FAKTORI ZA RAZVOJ KRVARENJA

Izmedu 2-4% pacijenata sa AF na terapiji VKA godisnje
razvije krvarenje, a od toga njih 0,61% intrakranijalno
krvarenje. U slucaju VTE, veliko krvarenje se javlja kod
7,22/100 pacijenata godisnje, sa stopom mortaliteta
od 9% [35]. Imajudi u vidu navedene rizike, jasno je da
je neophodno identifikovati i odredene prediktivne
faktore za razvoj hemoragijskih komplikacija.

Prethodno krvarenje u anamnezi je najvazniji fak-
tor rizika povezan sa major krvarenjem kod pacijenata
na terapiji antikoagulansima. Pored navedenog, drugi
relevantni faktori rizika su starija zivotna dob, bolesti
jetreili bubrega, maligniteti, trombocitopenija, istovre-
mena primena antiagregacione terapije i prekomerna
antikoagulacija usled neadekvatno visokih doza DOAK
ili loSe kontrolisanog INR (Internationa Normalized Ra-
tio). Ne treba zanemariti ni postojanje minimalnih lezi-
ja sluzokoze u gastrointestinalnom ili urinarnom traktu
[6].

Sa namerom da se identifikuju pacijenti sa poveca-
nim rizikom od krvarenja, danas postoje brojni sistemi
bodovanja. Medu naj¢esée koris¢enim i potvrdenim
kod pacijenata sa AF je HAS-BLED (,Hypertension, Ab-
normal renal/liver function, Stroke, Bleeding history or
predisposition, Labile INR, Elderly > 65, Drugs (NSAID)/
alcohol”), koji stratifikuje pacijente u tri grupe rizika
(nizak, umeren i visok). Pacijenti sa visokim rizikom od
krvarenja prema HAS-BLED skoru = 3 imaju godiSnju
stopu major krvarenja > 3,74% [36]. Takode, posto-
je i drugi sistemi bodovanja za pacijente sa AF: OBRI,
ATRIA, ORBIT, ABC, NBP, HEMORR,HAGES [6]. Sli¢no,
kod pacijenata sa VTE na oralnoj antikoagulansnoj
terapiji, postoje razliciti sistemi bodovanja (RIETE, Re-
gistro Informatizado de Enfermedad TromboEmbo ‘lica;
ACCP, American College of Chest Physician; VTE-BLEED)
koji kombinuju starost, stepen anemije, prethodna
krvarenja, funkciju jetre/bubrega, trombocitopeniju,
konkomitantnu terapiju, druge komorbiditete, posto-
janje kancera da bi se pacijent stratifikovao u odgova-
rajucu grupu rizika (Tabela 3) [6].

German study observed that edoxaban is more effec-
tive in reducing the risk of ischemic stroke and system-
ic embolization compared to other DOACs and VKAs,
carrying a lower risk of bleeding compared to rivarox-
aban and VKAs, and the same as apixaban [32]. Com-
paring DOACs, several studies have emphasized that
apixaban is safer when considering the risk of both ma-
jor bleeding and gastrointestinal/intracranial bleeding
compared to rivaroxaban and even dabigatran, while
its efficacy compared to other DOACs is still a subject
of debate [33,34].

PREDICTORS OF BLEEDING

Anticoagulant therapy has an annual rate of bleeding
between 2-4% among patients receiving VKA, and
the annual risk of intracranial hemorrhage is 0.61%.
In the case of VTE, major bleeding occurs in 7.22/100
patients/year, with a mortality rate of 9% [35]. There-
fore, it is crucial to identify certain predictive factors
for hemorrhagic complications and to stratify patients
into risk groups.

History of previous bleeding is the most import-
ant risk factor associated with major bleeding in pa-
tients on anticoagulant therapy. In addition to the
above, other relevant risk factors are older age, liver
or kidney diseases, malignancies, thrombocytopenia,
concomitant use of antiplatelet therapy, and exces-
sive anticoagulation due to inadequately high dos-
es of DOACs or poorly controlled INR (International
Normalized Ratio). The existence of minimal mucosal
lesions in the gastrointestinal or urinary tract should
not be ignored either [6].

Intending to identify those patients at increased
bleeding risk, there are numerous scoring systems
available today. Among the most used and validat-
ed in patients with AF is HAS-BLED (“Hypertension,
Abnormal renal/liver function, Stroke, Bleeding his-
tory or predisposition, Labile INR, Elderly > 65, Drugs
(NSAID)/alcohol”), which stratifies patients into three
risk groups (low, moderate and high). Patients with a
high risk of bleeding according to HAS-BLED score >
3 have an annual rate of significant bleeding > 3.74%
[36]. Also, other scoring systems exist for patients with
AF: OBRI, ATRIA, ORBIT, ABC, NBP, HEMORR HAGES [6].
Similarly, in patients with VTE on oral anticoagulant
therapy, there are different scoring systems (RIETE,
Registro Informatizado de Enfermedad TromboEm-
boélica; ACCP, American College of Chest Physician;
VTE-BLEED) combining age, severity of anemia, pre-
vious bleeding, liver/kidney function, platelet count,
concomitant therapy, other comorbidities, existence
of cancer to stratify the patient into the appropriate
risk group (Table 3) [6].
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Tabela 3. Razliciti sistemi bodovanja za procenu verovatnoce krvarenja kod
pacijenata sa VTE

Faktor rizika / Risk factor

Abnormalna funkcija bubrega / Abnormal renal function

Istorija krvarenja ili predispozicija / Bleeding history or predisposition
Starost/ Age

Anemija /Anaemia

Abnormalna funkcija jetre / Abnormal liver function

Istorija mozdanog udara/TIA / History of stroke/TIA

Lekovi (NSAID)/Alkohol / Drugs (NSAID)/Alcohol

0zbiljni komorbiditet / Serious comorbidity

Dijabetes Melitus / Diabetes Mellitus

Cesti padovi / Frequent falls

Nedavna operacija / Recent surgery

Trombocitopenija / Thrombocytopenia

Antitrombocitna terapija / Antiplatelet therapy

Lo3a kontrola antikoagulansa / Poor anticoagulant control
Metastatski karcinom / Metastatic cancer

Aktivni malignitet / Active malignancy

Pacijent sa hipertenzijom / Male patient with hypertension

Istorija maligniteta / Malignancy history

Klinicki ocigledna pluéna embolija / Clinically overt pulmonary embolism

NSAID — nesteroidni antiinflamatorni lekovi; TIA — Tranzitorni ishemijski napad; VTE — ven-
ska tromboembolija

Na osnovu svega navedenog, najvaznija je klini¢-
ka procena, adekvatna evaluacija svih faktora rizika za
krvarenje kod datog pacijenta, te na osnovu toga pro-
cenitirizik i korist od antikoagulantne terapije i mogu¢-
nosti krvarenja usled koris¢enja iste.

NASTAVAK ANTIKOAGULANTNE TERAPLJE
NAKON KRVARENJA

Ponovno zapocinjanje antikoagulantne terapije nakon
povlacenja krvarenja je izazovna klini¢ka odluka, koju
je potrebno doneti individualno za svakog pacijenta,
a Cesto uz pomo¢ multidiscilinarnog tima sacinjenog
od specijaliste za hemostazu, kardiologa, gastroente-
rologa, neurologe i specijaliste intenzivne nege [37]. S
jedne strane, prerano ponovno uvodenje moze pove-
cati rizik od ponovnog krvarenja, dok sa druge strane,
kasniji nastavak antikoagulantne terapije povecava ri-
zik od tromboembolijskih dogadaja i smrti [38]. Podaci
u vezi sa ponovnim uvodenjem DOAK kod pacijenata
koji su doziveli krvarenje su oskudni. Kohortna studija
Tapaskara i saradnika pokazala je da je ponovno uvo-
denje varfarina povezano sa povecanim rizikom od
rekurentnog gastrointestinalnog krvarenja (HR, 2,12;

Table 3. Risk assessment models to evaluate bleeding probability in patients
with VTE

RIETE Accp VTE-BLEED
Vv v Vv
Vv v Vv
Vv v Vv
Vv v Vv

v
v
v
\/
v
v
v
v
v
\/
\/
v Vv
Vv
Vv
vV

NSAID - Non-steroidal anti-inflammatory drugs; TIA - Transient ischemic attack; VTE - Venous
thromboembolism

Therefore, careful evaluation of individual patient
bleeding risk factors and clinical judgment remains
the best approach to minimizing the personal risk of
bleeding during anticoagulant treatment.

RESUMING ANTICOAGULATION THERAPY
AFTER BLEEDING

Restarting anticoagulation therapy after the resolu-
tion of bleeding is a challenging clinical decision. It
should be made individually for every patient, usual-
ly by a multidisciplinary team, including hemostasis
specialists, cardiologists, gastroenterologists, neurol-
ogists, and intensive care specialists [37]. On the one
hand, early restart can increase the risk of rebleeding,
while on the other hand, later continuation of antico-
agulation therapy increases patients’ risk of thrombo-
embolic events and mortality [38]. Data regarding re-
starting DOACs in patients who experienced bleeding
are scarce. A cohort study by Tapaskar et al. showed
that the restart of warfarin was associated with an
increased risk of recurrent gastrointestinal bleeding
(HR, 2.12; 95% Cl, 1.43-3.14; p < 0.001), while DOAC
resumption was not associated with recurrent bleed-
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95% Cl, 1,43-3,14; p < 0,001), dok nastavak DOAK nije
bio povezan sa ponovnim krvarenjem (HR, 1,43; 95%
Cl, 0,81-2,52; p = 0,22). Ipak, ista studija je pokazala
da je rivaroksaban jedini DOAK povezan sa rekuren-
tnim gastrointestinalnim krvarenjem (HR, 2,73; 95% Cl,
1,43-5,20; p = 0,002) [39]. Kada je rec o intrakranijal-
nom krvarenju, Poli i saradnici su pokazala da pacijenti
koji uzimaju varfarin imaju veci rizik od rekurentnog
intrakranijalnog krvarenja u poredenju sa pacijentima
na terapiji DOAK (OR 1,9; 95% Cl 0,7-6,7). Medutim,
u DOAK kohorti je bila primec¢ena veca ucestalost re-
kurentnog ne-cerebralnog krvarenja [40]. Na drugom
kraju spektra, nastavak primene antikoagulanasa je
bio povezan sa manjim brojem tromboembolijskih
dogadaja i smanjenim mortalitetom [41,42]. Nakon
otklanjanja krvarenja, odredivanje pravog vremena za
ponovno uvodenje DOAK je najizazovnije pitanje. Sen-
gupta et al. pokazali su da ponovno uvodenje DOAK
u roku od 30 dana nakon krvarenja nije povezano sa
tromboembolijom u roku od 90 dana (HR, 0,98; 95%
Cl, 0,37-2,21) ili rekurentnim gastrointestinalnim krva-
renjem (HR, 1,44; 95% Cl 0,72-436). Prema BSG/ESGE
smernicama, ponovno uvodenje DOAK $to je pre mo-
guce do sedmog dana nakon njihovog prekida moze
biti razumno u vecini slucajeva [44]. Medutim, treba
napomenuti da je ovaj zaklju¢ak donet na osnovu po-
dataka sa varfarinom, a podaci iz randomizovanih kon-
trolisanih studija nedostaju.

ZAKLJUCAK

U poredenju sa VKA, DOAK su bar jednako efikasni u
lecenju i prevenciji VTE kao i u prevenciji ishemijskog
insulta i sistemskih embolizacija kod pacijenata sa AF, a
sve to uz potvrdeno znacajno maniji rizik od intrakrani-
jalnog krvarenja. Takode, vecina studija je pokazala da
je rizik od major krvarenja manji kada se koriste DOAK,
dok je rizik od gastrointestinalnog krvarenja varijabilan
i zavisi od vrste DOAKa.

Razvijeni su brojni sistemi bodovanja koji pomazu
objektivizaciji, jasnoj stratifikaciji i identifikaciji paci-
jenata sa ved¢im rizikom od krvarenja. Medutim, indi-
vidualno profilisanje rizika od krvarenja i izbor odgo-
varaju¢ih DOAK-a na osnovu komorbiditeta, starosti,
prethodnog krvarenja, opsSteg stanja i interakcija le-
kova mogu dodatno smanijiti rizik od hemoragijskih
komplikacija. Takode, intenzivnije i ¢e$¢e pracenje bilo
bi vazno kod pacijenata sa visokim rizikom od krvare-
nja. Na osnovu navedenog, postavlja se pitanje da li ¢e
DOAK zameniti VKA kao prihvatljiviji oblik prevencije
i leCenja VTE u vecini klini¢kih indikacija posle vise od
jednog veka.

Sukob interesa: Nije prijavljen.

ing (HR, 1.43;95% Cl, 0.81-2.52; p = 0.22). However, the
same study showed that rivaroxaban was the only in-
dividual DOAC associated with recurrent gastrointes-
tinal bleeding (HR, 2.73; 95% Cl, 1.43-5.20; p = 0.002)
[39]. When the word is about intracranial hemorrhage,
Poli et al. showed that patients taking warfarin were
at higher risk of intracranial hemorrhage recurrence
than patients taking DOACs (OR 1.9;95% CI 0.7-6.7).
However, non-cerebral major re-bleeding was more
common in the DOAC cohort [40]. On the other end of
the spectrum, resuming anticoagulants was associat-
ed with fewer thromboembolic events and decreased
mortality [41,42]. After resolving the bleeding, deter-
mining the right timing for DOAC restart is the most
challenging question. Sengupta et al. showed that re-
introducing DOACs within 30 days after bleeding was
not associated with thromboembolism within 90 days
(HR, 0.98; 95% Cl, 0.37-2.21) or recurrent gastrointesti-
nal bleeding (HR, 1.44; 95% Cl 0.72-2.68) [43]. Accord-
ing to BSG/ESGE guidelines, restarting DOACs as soon
as possible by day seven after their interruption could
be reasonable in most cases [44]. However, it should be
noted that this conclusion was made in parallel with
warfarin, and data from randomized controlled trials
are lacking.

CONCLUSION

Compared to VKA, DOACs are at least as effective in
treating and preventing VTE as in preventing ischemic
insult and systemic embolization in patients with AF,
with a confirmed significantly lower risk of intracra-
nial bleeding. Also, most studies showed that the risk
of major bleeding is lower when using DOACs, while
the risk of gastrointestinal bleeding is variable and de-
pends on the type of DOACs.

Numerous scoring systems have been developed
to help objectify, clearly stratify, and identify patients
at higher risk of bleeding. However, individual bleed-
ing risk profiling and selection of the appropriate DO-
ACs based on the patient’s comorbidities, age, previous
bleeding, general condition, and drug interactions can
further reduce the risk of hemorrhagic complications.
Also, more intensive and frequent monitoring would
be important in patients at high risk of bleeding. Based
on the above, the question arises whether DOACs will
replace VKAs as a more acceptable form of VTE preven-
tion and treatment in most clinical indications after
over a century.
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SAZETAK

Uvod: Primarna mijelofibroza (PMF) je klonsko oboljenje hematopoeze koje od-
likuju konstitutivne tegobe, uvecanje slezine, anemija i cesto trombocitopenija.

Cilj rada: prikazati uporedne podatke o sprovedenim studijama i lekovima koji
su nam dostupni ali i novim terapijskim opcijama.

Metode: analiza publikovanih klinickih studija i relevantnih radova.

Rezultati: u ovom trenutku zlatni standard lecenja bolesnika sa PMF je jo3 uvek
ruksolitinib, prvi predstavnik JAK inhibitora (JAKi). Postize smanjenje volumena
slezine (SVS=>35%) kod 41,9% bolesnika u odnosu na placebo i smanjuje tego-
be >50% (T55<50%) kod 49,5% lecenih. Nije idealan lek, jer se tokom primene
javlja anemija, trombocitopenija i sklonost ka infekcijama, pa odredeni broj bo-
lesnika mora da prekine lecenje. Fedratinib je drugi JAKi, koji ima dobre rezultate
kao druga linija nakon neuspeha ruksolitiniba. Primenjen u prvoj liniji, fedratinib
postize SVS>35% od 47% uz TSS<50 od 40%.

Kod bolesnika sa transfuziono zavisnom anemijom, dobre rezultate je postigao
momelotinib, koji nije bio inferioran u odnosu na ruksolitinib (SVS>35% je slican,
26.5% u odnosu na 29% za lecene ruksilitinibom). Primena momelotiniba je sma-
njila transfuzionu zavisnost za 17% u odnosu na ruksolitinib (66% prema 49%).
Kod bolesnika sa trombocitopenijom (Tr 50-100x10°%/L), pakritinib predstavlja
najnoviju terapijsku opciju; postize smanjenje slezine u odnosu na modifikovane
doze ruksolitiniba bez daljeg pogorsanja trombocitopenije.

Kombinacije sa ruksolitinibom (navitoklaks, pelabresib) imaju za cilj da znacajno
poboljsaju odgovor, prvenstveno smanjenjem slezine.

Zakljucak: lecenje PMF je i dalje izazov. Primena ruksolitiniba omogucava dobru
kontrolu bolesti kod skoro polovine bolesnika, a novi lekovi treba da omoguce
lecenje refrakternih bolesnika ili da poboljsaju odgovor.

Kljucne reci: primarna mijelofibroza, JAK inhibitori, ruksolitinib, fedratinib,
momelotinib, pakritinib
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ABSTRACT

Introduction: Primary myelofibrosis (PMF) is a clonal hematopoietic neoplas-
tic disease characterized by constitutive complaints, splenomegaly, anemia and
very often thrombocytopenia.

Aim: To analyze and compare data from clinical trials, focusing on both current
and emerging therapeutics.

Methods: The analysis of published clinical trials and relevant papers.

Results: Currently, the gold standard for treating primary myelofibrosis (PMF) is
ruxolitinib, the first-in-class JAK inhibitor (JAKi). It has achieved a >35% reduc-
tion in spleen volume (SVR) in 41.9% of patients compared to placebo and has led
to a >50% improvement in symptoms, as measured by the Total Symptom Score
(TSS), in 49.5% of treated individuals. Ruxolitinib is not an ideal drug, as some
patients experience worsening anemia, thrombocytopenia, and an increased
susceptibility to various infections. Some patients are required to discontinue the
treatment or reduce the dosage. Another approved JAK inhibitor, fedratinib, has
shown promising results as a second-line treatment following ruxolitinib failure.
As a first-line therapy, fedratinib achieved a spleen volume reduction (SVR) of
>35% in 47% of patients, with a >50% improvement in TSS in 40% of cases.
Intransfusion-dependent patients, momelotinib has demonstrated good results,
showing non-inferiority to ruxolitinib, with similar spleen volume reduction
(SVR=35%) rates of 26.5% compared to 29% with ruxolitinib. Momelotinib treat-
ment reduced transfusion independence by 17% compared to ruxolitinib (66% vs
49%). In thrombocytopenic patients (PIt 50-100 x10%/L), pacritinib is the newest
therapy; it reduces spleen volume compared to adjusted ruxolitinib dosing with-
out worsening thrombocytopenia.

Drugs combined with ruxolitinib (e.g. navitoklaks, pelabresib) have the purpose
to improve the outcome, especially in spleen reduction.

Conclusion: Treating PMF remains a challenge. While ruxolitinib provides ef-
fective disease control in nearly half of patients, new therapies are needed to
enhance outcomes hoth overall and in those with refractory disease.
Keywords: primary myelofibrosis, JAK inhibitors, ruxolitinib, fedratinib,
momelotinib, pacritinib
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Bogdanovic¢ A. etal.

TREATMENT OF PRIMARY MYELOFIBROSIS, WHERE WE STAND TODAY?

uvoD

Primarna mijelofibroza (PMF) je klonsko oboljenje ma-
ticne celije hematopoeze koje odlikuje specifican niz
genetskih i patofizioloskih poremecaja koji dovodi do
neadekvatnog sazrevanja mati¢nih celija megakario-
citne i granulocitne loze u kostnoj srzi [1,2].

U nastanku svih Filadelfija negativnih mijelopro-
liferativnih neoplazmi ucesvuju mutacije koje se jav-
ljaju ve¢ na nivou matic¢nih celija hematopoeze i ¢elija
progenitora. Smatra se da postoje dve vrste mutacija,
tzv driver ili mutacije pokretaci bolesti i ,,epigenet-
ske”, odnosno dodatne mutacije. Mutacije pokretaci
bolesti pogadaju 3 gena bitna za nastanak i odrzava-
nje celijskog fenotipa PMF i to su mutacija JAK2 V617
(JAK2), mutacija Calreticulin gena (CALR exon 9 indel) i
mutacija c-MPL W515K/L (MPL) gena [3]. Ove mutaci-
je se javljaju u znacajnom procentu kod bolesnika sa
PMF (JAK2 mutacija je pozitivna u 50-60%, CALR kod
oko 25% bolesnika, dok je po oko 10% MPL pozitivho
ili potpuno negativno na ove tri bitne mutacije-tro-
struko negativne) [3]. Dodatne mutacije su odgovor-
ne za molekularne interakcije i za progresiju bolesti u
pravcu akutne leukemije i odreduju brzinu i agresiv-
nost pogorsanja bolesti. Te mutacije obuhvataju gene
koji regulisu epigenetsku regulaciju (ASXLT, TET2), de-
lovanje splicing procesa na nivou RNK (SRSF2, U2AFT1),
mehanizme remodulacije hromatina (DNMT3A, EZH2)
kao i regulaciju tumor supresornih mehanizama i
apoptoze (na prvom mestu p53 gen, ali i BCL-X |, ret-
ko, BCL-2) [4,5].

U etiopatogenezi PMF genetski izmenjene ma-
ticne i progenitorne ¢elije reaguju na, ¢esto genetski
izmenjene, Celije strome kostane srzi, neadekvatnim
mehanizmima regulacije i nastankom kontinuiranog
zapaljenskog odgovora (hiperinflamacije) [6,7]. Ova-
kav odgovor dovodi do reakcije strome i aktivacije
fibroblasta u smislu stvaranja profibrogenih i proan-
giogenih citokina (Shema 1) kao $to su interleukin-1f3
(IL-1B), B-fibroblastni faktor rasta (B-FGF “fibrobla-
stic growth factor”), transformisuci faktor rasta beta
(TGF-B, transforming growth factor-f), faktor rasta
poreklom iz trombocita (PDGF, platet derived growth
factor), vaskularni endotelijalni faktor rasta (VEGF,
vascular endothelial growth factor) [1,6,7]. Poremecaj
ove regulacije dovodi do disregulacije i drugih puteva
kao Sto je AKT/mTOR [7,8] ili do disregulacije puteva
oksidativnog stresa [8], $to za posledicu ima nekon-
trolisanu proliferaciju ne samo megakariocitnih ve¢
i granulocitnih progenitora kao i neoangiogenezu
[9-11]. Proliferacija veziva u pocetku se ogleda kroz
retikulinsku fibrozu kostane srzi da bi u kasnijim sta-
dijumima bolesti retikulin polimerizovao u kolagen a
time i omogucio formiranje novih kostanih gredica

INTRODUCTION

Primary myelofibrosis (PMF) is a clonal disorder of he-
matopoietic stem cells, marked by specific genetic mu-
tations and pathophysiological changes that disrupt
the normal maturation of megakaryocyte and granu-
locyte lineage cells in the bone marrow [1,2].

All Philadelphia-negative myeloproliferative neo-
plasms arise from mutations that originate at the level
of hematopoietic stem cells and progenitor cells. There
are thought to be two types of mutations: the so-called
"driver” or disease-initiating mutations, and “epigenetic”
or additional mutations. Disease-causing mutations in
primary myelofibrosis (PMF) primarily involve three key
genes that are crucial for the development and mainte-
nance of the disease phenotype: the JAK2 V617F muta-
tion, the calreticulin (CALR) gene mutation (exon 9indel),
and the c-MPL W515K/L mutation [3]. These mutations
are found in a significant percentage of patients with
PMF: the JAK2 mutation is present in 50-60% of cases,
the CALR mutation in about 25%, and the MPL mutation
in approximately 10%. A subset of patients may be tri-
ple-negative, lacking all three of these key mutations [3].
Additional mutations play a crucial role in driving molec-
ular interactions and contribute to the progression of the
disease towards acute leukemia. These mutations also
influence the rate and aggressiveness of disease pro-
gression. They involve genes that regulate various criti-
cal processes, including epigenetic modification (ASXLT,
TET2), RNA splicing (SRSF2, U2AF1), chromatin remodel-
ing (DNMT3A, EZH2), and the regulation of tumor sup-
pressor mechanisms and apoptosis (primarily the p53
gene, as well as BCL-X , and, less commonly, BCL-2) [4,5].

In the etiopathogenesis of PMF, genetically altered
stem and progenitor cells interact with often mutated
stromal cells in the bone marrow, leading to dysregu-
lated mechanisms and the development of a persistent
inflammatory response, or hyperinflammation [6,7]. This
response triggers stromal reactions and activates fibro-
blasts, leading to the production of profibrogenic and
proangiogenic cytokines (Scheme 1), including interleu-
kin-1B (IL-1B), B-fibroblast growth factor (B-FGF), trans-
forming growth factor-beta (TGF-f), platelet-derived
growth factor (PDGF), and vascular endothelial growth
factor (VEGF)[1,6,7]. Disruption of this regulation leads to
the dysregulation of pathways such as AKT/mTOR [7,8]
and oxidative stress pathways [8], resulting in uncon-
trolled proliferation of both megakaryocyte and gran-
ulocyte progenitors, as well as neoangiogenesis [9-11].
The proliferation of connective tissue initially manifests
as reticulin fibrosis in the bone marrow. In the later stages
of the disease, reticulin fibers polymerize into collagen,
leading to the formation of new bone structures (osteo-
genesis) [2,6]. This progression results in the irreversible
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Shema 1. Osnovni prikaz patofizioloskih dogadaja u nastanku primarne mije-

lofibroze.

IL-1: interleukin-1; B-FGF: B-fibroblastni faktor rasta; TGF-p transformisuci faktor rasta
B; PDGF: faktor rasta poreklom iz trombocita; VEGF: vaskularni endotelijalni faktor rasta;
PF4: trombocitni faktor 4; Col kolagen; EGF: epidermalni faktor rasta; NO*: azot monok-
sid i nitrozo-oksidativni radikali; HIF1a: hipoksija inducibilni faktor Ta. JAK2, CALR, MPL,
ASXL, TET i p53 geni od znacaja za patogenezu PMF.

(osteogeneza) [2,6], ¢ime PMF ulazi u ireverzibilnu
fazu insuficijencije kostane srzi. U toku te faze tran-
zicije, mati¢ne celije i progenitori migriraju u slezinu
i jetru gde nastaje mijeloidna metaplazija pa se u ka-
snim stadijumima bolesti hematopoeza odvija u ek-
stramedularnim zonama (slezina i jetra) uz sve znake
insuficijencije kostane srzi [1].

Otkri¢e JAK2 V617F mutacije 2005. godine u Cetiri
nezavisne laboratorije u svetu (JAK2 gen je smesten na
hromozomu 9), kao i otkri¢e mutacije c-MPL (recepto-
ra za trombopoetin) i kasnije mutacije na CALR genu
(takode na 9. hromozomu) [1,5] omogudilo je bolje
sagledavanje potencijalnih terapijskih meta za razvoj
terapije PMF koja je do tada bila vise palijativna i simp-
tomatsko-supotivna. Jedina terapijska opcija koja je
tada, a i sada, mogla da ponudi moguénost izlecenja je
transplantacija mati¢nih celija hematopoeze, ali je ona
rezervisana za manji broj mladih bolesnika kod kojih
postoji HLA podudarni davalac [4].

Sa druge strane, u PMF je opisan vedi broj citoge-
netskih aberacija koje sa svoje strane dovode do ge-
netskih poremedaja i kao takve uz nepovoljne moleku-
larne mutacije uti¢u na brzinu pogorsanja bolesti kao i
na nastanak leukemijske transformacije [12].

TREATMENT OF PRIMARY MYELOFIBROSIS, WHERE WE STAND TODAY?
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Scheme 1. Key pathophysiological events in the development of primary

myelofibrosis.

IL-1: interleukin-1; B-FGF: B-fibroblastic growth factor; TGF-B: transforming growth fa-
ctor- B; PDGF: platet-derived growth factor; VEGF: vascular endothelial growth factor; PF4:
platelet factor 4; Col: collagen, EGF: epidermal growth factor; NO*: nitrogen monoxyde
and nitroso-oxidative radicals; HIF1a: hypoxia-inducibile factor 1-alpha. JAK2, CALR, MPL,
ASXL, TET and p53 driving and bystander genes genes crucial for the pathogenesis of PMF.

phase of bone marrow insufficiency in PMF. During this
transitional phase, stem cells and progenitors migrate to
the spleen and liver, where myeloid metaplasia occurs.
Consequently, in the late stages of the disease, hemato-
poiesis shifts to these extramedullary sites, resulting in
signs of bone marrow insufficiency [1].

The discovery of the JAK2 V617F mutation in 2005
by four independent laboratories (the JAK2 gene is lo-
cated on chromosome 9), along with the identification
of mutations in the c-MPL gene (thrombopoietin re-
ceptor) and later the CALR gene (also located on chro-
mosome 9) [1,5], significantly advanced our under-
standing of potential therapeutic targets for PMF. Prior
to these discoveries, treatment options were primarily
palliative and focused on symptom management. The
only therapeutic option that offers a potential cure is
hematopoietic stem cell transplantation. However, this
treatment is typically reserved for a limited number of
younger patients who have an HLA-matched donor [4].

Conversely, numerous cytogenetic aberrations
have been identified in PMF, leading to genetic disor-
ders that, in conjunction with unfavorable molecular
mutations, influence the rate of disease progression
and the likelihood of leukemic transformation [12].

406

Septembar 2024. | Volumen 5/ Broj 3 | SRPski MEDICINSKI CASOPIS LEKARSKE KOMORE



LECENJE PRIMARNE MIJELOFIBROZE, GDE SMO DANAS?

TREATMENT OF PRIMARY MYELOFIBROSIS, WHERE WE STAND TODAY?

U klini¢koj praksi, bolesnici sa PMF se danas dele
na bolesnike sa ranom fazom PMF, $to je Cesto Cak i
hipercelularna, prefibroticka, faza PMF (stepen fibroze
MF-0 i MF-1) i bolesnike sa manifestnom, overt, PMF
kod kojih postoje sve odlike bolesti kao i fibroza MF-2
i MF-3 stepena. U ranoj fazi bolesti najizrazeniji klinicki
problemi su vezani za postojanje trombocitoze i rizik
od trombotskih dogadaja [13,14], dok su u manifest-
noj fazi odlike bolesti pojava konstitutivnih sistemskih
simptoma (inflamatorni efekti), uveéanje slezine pa i
jetre, Cesto pojava anemije i trombocitopenije, Sto Cini
terapijske zahvate komplikovanijim [1].

Posebna situacija je klini¢ko razlikovanje esencijal-
ne trombocitemije i rane faze primarne trombocitoze
jer u drugom slucaju je vrlo bitno pazljivo pratiti bole-
snika u kasnijem toku bolesti da bi se blagovremeno
uvela specificna terapija i/ili planirala transplantacija
mati¢nih ¢elija [15].

Postavlja se pitanje kada treba leciti bolesnike sa
PMF [1,3,4,14]. To zavisi od faze bolesti, klinickih mani-
festacija kao i bioloskih pokazatelja. U klinickoj praksi se
le¢i trombocitoza primenom hidroksiuree ili (PEG)-in-
terferona kod mladih bolesnika. Primena interferona je
pokazala i antiproliferativni efekat kao i delovanje na
smanjenje fibroznih i inflamatornih procesa. Anemija
se le¢i primenom transfuzije eritrocita, kao i primenom
eritropoetina i sintetskih androgena sa promenljivim
uspehom, a pokusani su i imunomodulatorni lekovi
kao Sto su steroidi i talidomid. Najvedi problem je le-
Cenje uvecanja slezine, jer klasi¢ni citostatici kao hi-
droksiurea, busulfan, alkeran i pipobroman nose rizike
za pogorsanje citopenije, narolito trombocitopenije, i
time onemogucavaju lecenje.

U proceni bolesnika pri izboru terapije sagledava-
ju se brojni parametri, pa su poslednjih godina razvi-
jeni specifi¢ni prognosticki modeli od kojih najbolju
klinicku primenu imaju DIPSS+ skor (pored klini¢kih
koristi i negativne citogenetske parametre) (https://
gxmd.com/calculate/calculator_315/dipss-plus-sco-
re-for-prognosis-in-myelofibrosis) [16] kao i kompo-
zitni modeli koji ukljucuju i citogenetiku i molekularne
markere kao MIPSS70 (http://www.mipss70score.it/)
[17]1 ili GIPSS skor (https://globalrph.com/medcalcs/
prognostic-scoring-for-myelofibrosis/) [2,4]. Ovi skoro-
vi omogucavaju da se kod bolesnika proceni dalji rizik
bolesti, na prvom mestu rizik od leukemijske transfor-
macije i smrti bolesnika od progresije i da se proceni
pravi trenutak za uvodenje druge specifi¢ne terapije
ili da se planira transplantacija mati¢nih celija ako je
izvodljivo. Svi skorovi razvrstavaju bolesnike u tri ili,
CeSce, Cetiri kategorije koje se znacajno razlikuju pre-
ma prezivljavanju (za DIPSS+ nizak/low rizik 15 godina,
umereni-1/intermediate-1 rizik 6,6 godina, dok su bole-

Bogdanovic¢ A. etal.

In clinical practice, PMF patients are currently cate-
gorized into two groups: those in the early phase, which
often includes a hypercellular, prefibrotic phase (fibrosis
stages MF-0 and MF-1), and those with manifest, overt
PMF, where all disease features are present along with
advanced fibrosis (stages MF-2 and MF-3). In the early
stage of the disease, the most significant clinical issues
are thrombocytosis and the associated risk of thrombot-
ic events [13,14]. As the disease progresses to the mani-
fest stage, patients may experience systemic symptoms
(such as inflammation), splenomegaly, hepatomegaly,
and complications like anemia and thrombocytopenia,
which complicate therapeutic interventions [1].

A critical aspect of clinical practice is distinguish-
ing between essential thrombocythemia and the early
phase of primary myelofibrosis. In the latter case, care-
ful monitoring is essential throughout the disease’s
progression to timely initiate specific therapy and/or
plan for stem cell transplantation if necessary [15].

Whenshould patients with PMF be treated[1,3,4,14]?
It depends on the stage of the disease, clinical manifes-
tations, and biological indicators. In clinical practice,
thrombocytosis is typically managed with hydroxyurea
or PEG-interferon, particularly in younger patients. In-
terferon has demonstrated both antiproliferative ef-
fects and benefits in reducing fibrotic and inflamma-
tory processes. Anemia is managed with red blood cell
transfusions, erythropoietin, and synthetic androgens,
although success varies. Additionally, immunomodula-
tory drugs such as steroids and thalidomide have been
attempted. The treatment of splenomegaly poses sig-
nificant challenges because traditional cytostatics such
as hydroxyurea, busulfan, alkeran, and pipobroman can
exacerbate cytopenias, particularly thrombocytopenia,
thereby complicating treatment options.

Several parameters are considered when selecting
therapy for patients, leading to the development of
specific prognostic models. Among these, the DIPSS+
score is widely used for clinical assessment, incorpo-
rating clinical benefits and negative cytogenetic pa-
rameters (https://qxmd.com/calculate/calculator_315/
dipss-plus-score-for-prognosis-in-myelofibrosis)  [16].
Additionally, composite models that integrate both
cytogenetic and molecular markers, such as MIPSS70
(http://www.mipss70score.it/) [17] and the GIPSS score
(https://globalrph.com/medcalcs/prognostic-scor-
ing-for-myelofibrosis/) are also utilized [2,4]. These
scores help assess the patient’s risk of disease progres-
sion, particularly the likelihood of leukemic transforma-
tion and mortality. They also guide decisions on the tim-
ing of additional specific therapies or the potential need
for stem cell transplantation if appropriate. All scores
categorize patients into three or, more often, four dis-
tinct risk groups, each associated with varying survival
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snici sa umerenim-2/intermediate-2 Ziveli 2,9 godina i
sa visokim/high rizkom svega 1.3 god) [16].

Nakon otkri¢a JAK2 mutacije, doslo je do relativno
brzog razvoja veceg broja lekova koji deluju na JAK/
STAT signalni put koji su oznaceni kao JAK inhibitori
(JAKIi). Sve registracione studije ovih lekova su posle
od bolesnika sa uznapredovalim fazama bolesti (ma-
nifestna PMF sa intermedijernim-2 i visokim rizikom,
uz manifestnu mijelofiborzu, naj¢es¢e MF-2 i MF-3 pa-
toloskog gradusa). Tek kasnije su se izdvojili preparati
specifi¢nijeg terapijskog profila koji imaju drugacije
delovanje i mogu se primenjivati kod bolesnika sa izra-
Zzenom anemijom (momelotinib) ili trombocitopeni-
jom (pakritinib).

Danas su u Americi i Evropi registrovani slede¢i JAK
inhibitori:

TREATMENT OF PRIMARY MYELOFIBROSIS, WHERE WE STAND TODAY?

outcomes. For example, the DIPSS+ score stratifies pa-
tients into low-risk (15 years survival), moderate-1/inter-
mediate-1 risk (6.6 years), moderate-2/intermediate-2
risk (2.9 years), and high-risk (1.3 years) categories [16].

Following the discovery of the JAK2 mutation, a
significant number of drugs targeting the JAK/STAT sig-
naling pathway, known as JAK inhibitors (JAKi), were
developed relatively quickly. All registration studies for
these drugs initially focused on patients with advanced
stages of the disease, including manifest PMF with inter-
mediate-2 and high-risk profiles, and those with mani-
fest myelofibrosis, typically at pathological grades MF-2
and MF-3. Subsequently, therapies with more specific
profiles were identified, offering distinct benefits for pa-
tients with pronounced anemia (such as momelotinib)
or thrombocytopenia (such as pacritinib).

Nowadays, the following JAK inhibitors have been
registered in the USA and Europe:

ruksolitinib JAKT i JAK2 2011 2012
fedratinib JAK2, FLT3, Ret, JAK3 2019 2020 ruxolitinib JAKT and JAK2 2011 2012
momelotinib ~ JAKT. JAK2, ACVR1 2023 2024 fedratinib JAKZ, FLT3, Ret, JAK3 2019 2020
lotinib  JAK1, JAK2, ACVR1 2023 2024
pakiitinib  JAK2, FIt-3,ACVRT 2022 Ne MomEIotint
pacritinib JAK2, FIt-3, ACVR1 2022 No
Procenat bolesnika koji je postigao smanjenje volumena slezine za 235% (SVS 235%) /
Percentage of patients who achieved a decrease in spleen volume by 235% (SVS 235%)
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Grafikon 1. Uporedni rezultati i efikasnost razlicitih JAKi u klinickim studijama
(stepen redukcije slezine, SVS>35%) (videti dalje tekst)

Graph 1. Comparative outcomes and efficiency of different JAK inhibitors in
clinical trials (spleen volume reduction, SVR>35%) (related to following text)
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Procenat bolesnika koji je postigao smanjenje ukupnog simptom skora 250% (TSS 50%) /
Percentage of patients who achieved a 250% reduction in Total Symptom Score (TSS 250%)
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Grafikon 2. Uporedni rezultati i efikasnost razlicitih JAKi u klinickim studijama
(stepen redukcije ukupnog simptom skora, TSS<50%) (videti dalje tekst)

RUKSOLITINIB (JAKAVI®)

Prvi JAKi koji je usao u redovnu klini¢ku primenu je ruk-
solitinib koji je registrovan 2011. godine u SAD i 2012.
godine u Evropi za leCenje PMF u uznapredovanoj
fazi bolesti. Njegovi rezultati kroz dve klinicke studi-
je, COMFORT-I (ruksolitinib u odnosu na placebo) [18]
i COMFORT-II [19] (ruksolitinib u odnosu na najbolju
dostupnu terapiju izuzev JAKi) pokazali su da ovaj lek
kod znacajnog broja bolesnika postize kontrolu bolesti
u smislu smanjivanja i uklanjanja simptoma koji su po-
sledica povecane inflamacije i smanjivanja velicine od-
nosno volumena slezine. U COMFORT-I studiji se kod
45,9% bolesnika smanjuju simptomi za vise od 50%
(mereni specifi¢nim upitnicima, tzv. total symptom sco-
re, odnosno TSS<50%). Takode, postize se i kontrola
bolesti u smislu smanjenja veli¢ine slezine (smanjenje
volumena slezine za >35%, SVS>35%, mereno NMR ili
CT pregledom) kod 41,9% u COMFORT-I i kod 28% u
COMFORT-II studiji. Ovi rezultati su postignuti ve¢ u
prvih Sest meseci primene terapije i neznatno su se
popravljali u daljem lec¢enju. Time je primena rukso-
litiniba postala zlatni standard u leCenju bolesnika sa
PMF omogucdavajudi im znacajno bolji kvalitet zZivota,
a za one koji su imali povoljan odgovor i produzenje

Graph 2. Comparative outcomes and efficiency of different JAK inhibitors in
clinical trials (degree of symptom reduction asTotal Symptom Score reduction,
TS5<50%) (related to further text)

RUXOLITINIB (JAKAVI®)

Ruxolitinib, the first JAK inhibitor to enter regular clin-
ical use, was approved in the USA in 2011 and in Eu-
rope in 2012 for the treatment of advanced-stage PMF.
Results from two clinical studies, COMFORT-I (ruxoli-
tinib vs. placebo) [18] and COMFORT-II [19] (ruxolitinib
vs. best available therapy excluding JAK inhibitors),
demonstrated that ruxolitinib effectively controls the
disease in a significant number of patients by alleviat-
ing symptoms associated with increased inflammation
and reducing spleen size or volume. In the COMFORT-I
study, 45.9% of patients experienced a reduction in
symptoms by more than 50%, as measured by the To-
tal Symptom Score (TSS<50%) using specific question-
naires. Additionally, disease control in terms of spleen
size reduction (spleen volume reduction of >35%,
SVS=35%, measured by NMR or CT) was achieved in
41.9% of patients in COMFORT-I and in 28% in COM-
FORT-II study. These results were achieved within the
first six months of therapy and showed slight improve-
ment with continued treatment. Therefore, ruxolitinib
has become the gold standard for treating patients
with PMF, significantly improving their quality of life.
For those who responded favorably, it also extended
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ukupnog prezivljavanja (sa 3,8 godina za bolesnike na
placebu ili najboljoj terapiji na 5,8 godine kod bolesni-
ka lecenih ruksolitinibom [20]).

Nakon uspeha ove dve studije, sprovedeno je
otvoreno istrazivanje u realnoj klini¢koj praksi (JUMP
studija) [21,22] koje je ukljucilo 1546 bolesnika sa pri-
marnom mijelofibrozom nezavisno od incijalnog broja
trombocita (broj Tr<100x10%/L je bio faktor isklju¢enja
bolesnika u obe COMFORT studije). U prvih 6 mese-
ci 56,5% bolesnika je redukovalo veli¢inu slezine za
>50% palpabilne duzine a do kraja prve godine je to
postignuto kod 66,5% bolesnika. Kod vecine bolesnika
nije odredivan volumen slezine. Takode, kod 50% bole-
snika je postignuto smanjenje simptoma bolesti mere-
nih sa nekoliko specifi¢nih upitnika. To je sve pokazalo
da je ruksolitinib vrlo efikasan lek u pogledu smanjenja
tegoba i simptoma bolesnika kao i u smanjenju velici-
ne slezine koja predstavlja najvedi terapijski problem
ovim bolesnicima.

U Srbiji ruksolitinib je registrovan 2013. godine,
medutim, na listu lekova je stavljen tek 2016. godine sa
dosta ogranic¢enim indikacijama preko centralne Komi-
sije RFZO. Pre stavljanja na listu, svega nekoliko bole-
snika je le¢eno kroz program direktne podrske kompa-
nije Novartis. Poslednja ukupna analiza nasih rezultata
uradena je 2022. godine i obuhvatila je 155 bolesni-
ka, od toga 129 bolesnika kod kojih je le¢enje trajalo
najmanje 6 meseci (do prve procene) [23]. Evaluacija
bolesnika je obuhvatila procenu smanjivanja opstih
simptoma kao i procenu smanjivanja veli¢ine slezine
(mereno EHO ili CT pregledom, pri ¢emu nije bio racu-
nat volumen, ve¢ smanjenje ukupnog precnika). Nasi
rezultati su pokazali da je gubitak opstih simptoma bio
izraZzen (na 6 meseci 111/129 i na 12 meseci 84/90 bo-
lesnika). Smanjenje slezine je uoceno u 91/125 (72,8%
bolesnika) u prvih 6 meseci i u 67/90 (74,4%) bolesni-
ka do kraja prve godine. Polovina bolesnika, 29 od 59
evaluiranih bolesnika (49%), je do kraja druge godine
smanjila maksimalnu duzinu slezine za =25%, mereno
EHO ili CT pregledom.

Ruksolitinib je lek koji se dosta dobro podnosi, i
najveci deo nezeljenih reakcija je posledica blokade
JAK/STAT puta vezanog za hematopoezu, pa ¢esto do-
lazi do nastanka znacajne anemije i trombocitopenije
$to zahteva korekciju doze leka, a Sto, opet, Cesto sma-
njuje ukupne rezultate lec¢enja. Pored toga, bolesnici
na ruksolitnibu takode imaju globalno smanjen imuni
odgovor, pa su kod njih ¢esce respiratorne i druge in-
fekcije, infekcije herpes virusima, ali su opisani i retki
slucajevi aktivacije tuberkuloze [2,21].

Neuspeh terapije ruksolitinibom kao i gubitak od-
govora na ruksolitinib otvorio je pitanje druge linije
primene JAKi. U sklopu toga, sprovedeno je nekoliko

TREATMENT OF PRIMARY MYELOFIBROSIS, WHERE WE STAND TODAY?

overall survival from 3.8 years for patients on place-
bo or the best available therapy to 5.8 years for those
treated with ruxolitinib [20]).

Following the success of these two studies, an
open-label study was conducted in real-world clinical
practice (the JUMP study) [21,22] involving 1,546 pa-
tients with primary myelofibrosis, regardless of their ini-
tial platelet count. A platelet count of <100x10°/L was
an exclusion criterion in both COMFORT studies. Within
the first six months, 56.5% of patients experienced a
>50% reduction in palpable spleen length, and by the
end of the first year, this was achieved in 66.5% of pa-
tients. In most patients, the spleen volume was not de-
termined. Additionally, 50% of patients experienced a
reduction in disease symptoms, as measured by several
specific questionnaires. These findings demonstrate
that ruxolitinib is highly effective in alleviating patient
symptoms and reducing spleen size, which is one of the
most challenging therapeutic issues for these patients.

In Serbia, ruxolitinib was registered in 2013 but was
included on the list of reimbursed medications in 2016,
with very limited indications, by the Central Commis-
sion of the Republic Health Insurance Fund. Before be-
ing listed, only a few patients were treated through No-
vartis' direct support program. The most recent overall
analysis of our results, conducted in 2022, included 155
patients, of whom 129 had been treated for at least six
months (until the first assessment) [23]. The patient
evaluation included assessing the reduction of general
symptoms and measuring the reduction in spleen size,
using ultrasound or CT scans. While the volume was
not calculated, the reduction in total spleen diameter
was assessed. Our results demonstrated a significant
reduction in general symptoms, with 111 out of 129 pa-
tients showing improvement at six months and 84 out
of 90 patients at twelve months. Spleen reduction was
observed in 91 out of 125 patients (72.8%) within the
first six months and in 67 out of 90 patients (74.4%) by
the end of the first year. By the end of the second year,
29 out of 59 evaluated patients (49%) had reduced the
maximum length of their spleen by >25%, as measured
by ultrasound or CT scans.

Ruxolitinib is generally well tolerated, but most
adverse reactions stem from its inhibition of the JAK/
STAT pathway involved in hematopoiesis. This often
leads to significant anemia and thrombocytopenia,
which may necessitate dose adjustments and can con-
sequently impact overall treatment efficacy. Addition-
ally, patients on ruxolitinib may experience a generally
reduced immune response, leading to a higher fre-
quency of respiratory and other infections, including
herpesvirus infections. Although rare, cases of tuber-
culosis activation have also been reported [2,21].
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klinickih studija sa drugim preparatima i prvi koji je u tu
arenu usao jeste fedratinib koji se pokazao efikasnim i
kod bolesnika koji su prethodno le¢eni ruksolitinibom.
Za njim su sprovedena klini¢ka ispitivanja sa momelo-
tinibom (posebno kod bolesnika sa anemijom), kao i sa
pakritinibom (kod bolesnika sa trombocitopenijom).

FEDRATINIB (INREBIC®)

Fedratinib je u klinicku praksu usao 2019. odnosno
2020. godine posle detaljnog pracenja bolesnika u dve
klinicke studije, gde se kod retkih bolesnika ispoljio
fenomen Vernikeove encefalopatije usled nedostatka
vitamina B1, Sto se kod tih retkih slucajeva dovodilo u
vezu sa primenom fedratiniba (black box upozorenje)
[24]. Medutim, ono $to je bitno jeste da je fedratinib u
JAKARTA studiji pokazao znacajnu efiksasnost u odno-
su na placebo u pogledu smanjivanja sistemskih tegoba
kao i veli¢ine slezine (na kraju 3estog terapijskog ciklu-
sa, odnosno posle 6 meseci terapije, kod 47% bolesnika
je znacajno redukovan volumen slezine, dok je smanje-
nje simptoma bilo registrovano kod 40% bolesnika [25].

Kod bolesnika prethodno le¢enih ruksolitinibom,
postignut je takode vrlo dobar sekundarni odgovor na
terapiju jer je kod njih 55% postignuta ponovna reduk-
cija slezine na =35%, mereno NMR ili CT pregledom,
kao i dobra kontrola simptoma (26% bolesnika je ima-
lo smanjenje simptoma za >50%), pri ¢emu je odgovor
bio nesto bolji kod bolesnika koji nisu podnosili pret-
hodnu terapiju ruksolitinibom [26].

Detaljna analiza specificne kohorte bolesnika sa
incijalno niskim brojem trombocita u okviru JAKAR-
TA studije pokazala je da se slezinski odgovor zna-
¢ajno ne razlikuje izmedu bolesnika koji su incijalno
imali Tr>100x10°/L i onih sa manjim brojem Tr, od
50-100x10%/L [271].

Na osnovu ovih rezultata fedratinib je uveden kao
efiksan lek u le¢enju bolesnika koji ne podnose ili ne-
maju/gube odgovor na prethodnu terapiju ruksolitini-
bom, ¢ime se znacajno poboljsavaju Sanse bolesnika
za dugotrajnom kontrolom bolesti.

Sli¢no ruksolitinibu, nezeljeni efekti fedratiniba su
vezani za osnovni mehanizam delovanja, pa se javljaju
anemija i trombocitopenija, nesto rede infekcije, ali i
ve¢ pomenut deficit vitamina B1 $to se uspesno resava
primenom nadoknade [27].

MOMELOTINIB (OMJJARA®)

Momelotinib je najnoviji odobreni JAKi koji je usao u
klinicku primenu 2023. u SAD i 2024. godine u Evropi.
Za razliku od ruksolitiniba, i fedratiniba, momelotinib
deluje i na aktivin A receptor tipa | koji ima znacajnu
ulogu u modulaciji delovanja hepcidina ¢ime se omo-
gucava bolja dostupnost gvozda iz rezervi za aktivnu

The failure of ruxolitinib therapy or loss of response
has raised the question of using second-line JAKi. Sev-
eral clinical studies were conducted to explore alter-
native treatments, with fedratinib being the first new
option to enter the arena. Fedratinib has demonstrated
effectiveness even in patients previously treated with
ruxolitinib. This was followed by clinical trials of mom-
elotinib, particularly in patients with anemia, and pacri-
tinib, specifically for those with thrombocytopenia.

FEDRATINIB (INREBIC®)

Fedratinib entered clinical practice in 2019 and 2020
following detailed patient monitoring in two clinical
studies. In rare cases, the use of fedratinib was associat-
ed with Wernicke’s encephalopathy due to vitamin B1
deficiency, which has been highlighted in a black box
warning [24]. Importantly, the JAKARTA study demon-
strated that fedratinib was significantly more effective
than placebo in reducing systemic complaints and
spleen size. By the end of the sixth treatment cycle (6
months of therapy), 47% of patients had a significant
reduction in spleen volume, and 40% experienced a
reduction in symptoms [25].

Patients previously treated with ruxolitinib also
showed a strong secondary response to fedratinib. No-
tably, 55% of these patients achieved a >35% reduc-
tion in spleen size, as measured by MRI or CT, and 26%
experienced a reduction in symptoms of over 50%. The
response was slightly better in patients who had not
tolerated previous treatment with ruxolitinib [26].

Adetailed analysis within the JAKARTA study of a co-
hort with initially low platelet counts revealed that the
splenic response did not significantly differ between
patients with an initial platelet count >100x10°/L and
those with counts between 50-100x10°/L [27].

Based on these results, fedratinib was introduced
as an effective treatment option for patients who can-
not tolerate or have not responded to previous ruxoli-
tinib therapy. It significantly enhances the likelihood of
achieving long-term disease control.

Like ruxolitinib, fedratinib’s side effects are linked
to its mechanism of action, including anemia and
thrombocytopenia. Infections occur somewhat less
frequently, but there is also a risk of vitamin B1 defi-
ciency, which can be effectively managed with supple-
mentation [27].

MOMELOTINIB (OMJJARA®)

Momelotinib is the newest JAK inhibitor, having been
approved for clinical use in the US in 2023 and in Eu-
rope in 2024. Unlike ruxolitinib and fedratinib, momel-
otinib also targets the activin A type | receptor, which
plays a crucial role in modulating hepcidin activity. This
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eritropoezu, a time i smanjuje teZzina anemije kod bole-
snika sa PMF [28,29]. Upravo je zbog toga momelotinib
preporucen za primenu kod bolesnika sa PMF koji ima-
ju izrazenu anemiju u sklopu bolesti [28]. Dve klinicke
studije sa momelotinibom, SIMPLIFY-1i 2 bile su sli¢ne
po osnovnom dizajnu, sa time da je SIMPLIFY-1 [30]
bila studija poredenja momelotiniba sa ruksolitinibom
(po dizajnu non-inferiority trial) gde je pokazano da
momelotinib nije inferioran u odnosu na standardnu
terapiju, ruksolitinib. Ukupan odgovor u prvih 6 mese-
ci u smislu stope znacajne redukcije volumena slezine
jeste (SVS=35%) od 26,5%, $to je komparabilno sa 29%
u grupi bolesnika lecenih ruksolitinibom. Smanjenje
simptoma kroz redukciju simptom skora (TSS<50%) ta-
kode je bilo uporedivo, mada je procenat bolesnika le-
Cenih ruksolitinibom sa postignutim TSS<50% bio vedi,
42,2% u odnosu na broj bolesnika le¢enih momelotini-
bom, gde je 28,4% smanjilo simptome za >50%. Medu-
tim, ova razlika nije bila znacajna, odnosno momeloti-
nib nije bio znacajno inferioran i u tom pogledu. Druga
studija sa momelotinibom, SIMPLIFY-2 [29,31] je kao
kontrolnu grupu koristila ne samo ruksolitinib vec¢ je
dozvoljavala primenu najbolje dostupne terapije (BAT,
best available therapy) koja je ukljucivala i ruksolitinib
kod bolesnika koji nisu postigli optimalni odgovor na
prethodno lecenje ruksolitinibom. Rezultati ove studi-
je pokazali su da primena momelotiniba nije znacaj-
nije uticala na znacajno smenjenje volumena slezine,
ali je znacajno uticala na smanjenje ukupnog simptom
skora (43% prema 21%). Obe ove studije su takode po-
kazale da znacajan broj bolesnika tokom le¢enja mo-
melotinibom postaje nezavistan od transfuzija, pa se
u grupi le¢enih momelotinibom to dogodilo kod 66%
bolesnika u odnosu na 49% lecenih ruksolitinibom
(SIMPLIFY-1). U drugoj studiji, 43% bolesnika le¢enih
momelotinibom postiglo je transfuzionu nezavisnost,
u odnosu na 21% bolesika na najboljoj dostupnoj tera-
piji (SIMPLIFY-2). Shodno tome, sprovedena je i studija
koja je uporedila momelotinib sa primenom androge-
na (danazol) kod bolesnika sa PMF koji su prethodno
leceni primenom JAKI, a koji su razvili zna¢ajnu anemi-
ju (MOMENTUM). Ta studija je pokazala da momeloti-
nib smanjuje transfuzionu zavisnost do kraja incijalnih
6 meseci leCenja (31% prema 20% za bolesnike lecene
danazolom) [2,29].

Kao i kod drugih JAKi, pri primeni momelotiniba
mozZe se javiti prolazno pogorsanje anemije kao i po-
java trombocitopenije, o ¢emu se mora voditi raCuna
tokom lecenja uz titraciju doze leka.

PAKRITINIB (VONJO®)

Pakritinib je poslednji odobreni JAKi. Dostupan je
trenutno u SAD gde je odobren kao orphan lek 2022.

TREATMENT OF PRIMARY MYELOFIBROSIS, WHERE WE STAND TODAY?

action enhances the availability of iron from reserves
for active erythropoiesis, thereby reducing the sever-
ity of anemia in patients with PMF [28,29]. This is why
momelotinib is specifically recommended for patients
with PMF who have significant anemia as part of their
condition [28]. The two clinical trials with momelotinib,
SIMPLIFY-1 and SIMPLIFY-2, shared a similar basic de-
sign. SIMPLIFY-1 [30] was a non-inferiority trial com-
paring momelotinib to ruxolitinib, demonstrating that
momelotinib was non-inferior to the standard ther-
apy, ruxolitinib. Over the first six months, the overall
response rate for significant reduction in spleen vol-
ume (SVR=35%) was 26.5% with momelotinib, which
is comparable to 29% in the group treated with rux-
olitinib. Reduction in symptoms, as measured by a To-
tal Symptom Score (TSS<50%), was also comparable.
However, a higher percentage of patients treated with
ruxolitinib achieved TSS<50% (42.2%) compared to
those treated with momelotinib, where 28.4% expe-
rienced a reduction in symptoms by more than 50%.
However, this difference was not significant, indicat-
ing that momelotinib was not significantly inferior in
this regard either. Another study with momelotinib,
SIMPLIFY-2 [29,31] compared it not only to ruxolitinib
but also allowed for the use of best available therapy
(BAT), which could include ruxolitinib for patients who
did not achieve an optimal response to their previ-
ous treatment. The results of this study indicated that
momelotinib did not significantly impact changes in
spleen volume but did significantly improve the reduc-
tion of the total symptom score, with 43% of patients
achieving this outcome compared to 21% in the con-
trol group. Both studies also demonstrated that a sig-
nificant number of patients on momelotinib became
transfusion-independent. Specifically, 66% of patients
treated with momelotinib achieved this outcome,
compared to 49% in the ruxolitinib group (SIMPLIFY-1).
In another study, 43% of patients treated with momel-
otinib achieved transfusion independence, compared
to 21% of patients receiving the best available therapy
(SIMPLIFY-2). Consequently, a study was conducted to
compare momelotinib with the use of the androgen
danazol in patients with PMF who had previously been
treated with JAK inhibitors and developed significant
anemia (MOMENTUM). The study demonstrated that
momelotinib reduced transfusion dependence by the
end of the initial six months of treatment, with 31% of
patients achieving this outcome compared to 20% in
the danazol group [2,29].

Like other JAK inhibitors, momelotinib may cause
transient worsening of anemia and thrombocytopenia,
which should be considered when adjusting the drug
dose during treatment.
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Godine, ali za sada nije odobren u Evropi. Nekoliko
klinickih ispitivanja je trenutno u toku i ona treba da
pokazu realnu vrednost ovog JAKi u klini¢koj praksi,
posebno kod bolesnika sa niskim brojem trombocita
kod kojih je pakritinib u prethodnim studijama po-
kazao dobre rezultate. U odnosu na ruksolitinib i fe-
dratinib gde je broj trombocita limitirajudi faktor za
uvodenje leka i postizanje optimalnog odgovora, pa-
kritinib je u incijalnoj studiji PERSIST-1 [32] pokazao
znacajan efekat u smislu smanjenja volumena slezine
u odnosu na najboju dostupnu terapiju (ali bez JAKIi)
gde je 19% bolesnika postiglo SVS>35% u odnosu na
samo 5% u kontrolnoj grupi. Ovi rezultati su dalje ispi-
tivani u studiji PERSIST-2 [33] u koju su ukljuc¢eni bole-
snici sa znac¢ajnom trombocitopenijom (<100x10°%/L)
gde je kontrolna grupa obuhvatala razlicite terapije, a
u najvecoj meri redukovane doze ruksolitiniba (45%).
U ovoj studiji pakritinib je pokazao znacajno smanje-
nje kako volumena slezine (SV5=35% 18% prema 3%)
tako i ukupnog skora simptoma (kod 25% prema 14%
bolesnika).

Rezultati novih studija pokazace pravu realnu
vrednst pakritiniba kod bolesnika sa izrazenom trom-
bocitopenijom u PMF.

Kao i drugi JAKi pakritinib moze da dovede do ane-
mije, ali su takode zbog efekta na inhbiciju AVRI recep-
tora dugoroc¢ni efekti na bolesnike sa anemijom maniji
od ruksolitiniba i fedratiniba.

MOGUCA SEKVENCA PRIMENE JAKI U
LECENJU BOLESNIKA SA PMF

U ovom trenutku u Evropi je dostupno tri a u SAD Cetiri
JAKi koji se mogu kombinovati prema klinickim i dru-
gim specificnim hematoloskim odlikama, ¢ime smo
posle duzeg perioda prestali da budemo ograni¢eni na
samo jedan lek.

Na grafikonu je prikazana orijentaciona shema
redosleda primene i izbora JAK inhibitora u klinickoj
praksi [34].

Medutim, jedan od najvaznijih momenata u lece-
nju bolesnika sa PMF kao i sekundarnim mijelofibro-
zama (nastalim transformacijom iz policitemije vere
ili esencijalne trombocitemije) je adekvatan tajming
i pravovremeno uvodenje terapije. Analize podgrupa
bolesnika unutar sprovedenih studija [35] kao i pri-
mena leka u realnom klinickom okruzenju je pokazali
su da su rezultati uspesniji kada se JAKi, prvenstveno
za sada ruksolitinib, uvedu ranije u toku bolesti kada
bolesnik pocinje da ispoljava simptome i tegobe ¢ak
i kada njegovi faktori rizika nisu previse ispoljeni (bo-
lesnici u umerenoj/intermediate-1 fazi). Time se omo-
gucava uvodenje leka u situacijama sa boljim bazalnim
paremtrima krvne slike a isto tako se i omogucuje bolje

PACRITINIB (VONJO®)

Pacritinib is the newest approved JAK inhibitor. It was
granted orphan drug status and approved for use in the
USin 2022, but it has not been approved in Europe yet.
Several clinical trials are currently underway to assess
the real-world value of this JAK inhibitor, particularly in
patients with low platelet counts, where pacritinib has
previously shown promising results. Unlike ruxolitinib
and fedratinib, where platelet counts can limit drug use
and response, the initial PERSIST-1 study [32] demon-
strated that pacritinib had a significant effect on reduc-
ing spleen volume compared to the best available ther-
apy (excluding JAK inhibitors). Specifically, 19% of pa-
tients treated with pacritinib achieved a spleen volume
reduction of >35% (SVR=35%), compared to just 5% in
the control group. These results were further evaluated
in the PERSIST-2 study, which included patients with
significant thrombocytopenia (<100x10%/L). The con-
trol group consisted of various therapies, with a sub-
stantial proportion receiving reduced doses of ruxoli-
tinib (45%). In this study, pacritinib demonstrated a sig-
nificant reduction in both spleen volume (SVR=35% in
18% of patients compared to 3% in the control group)
and overall symptom score (25% of patients achieved a
reduction versus 14% in the control group).

Future studies will reveal the true clinical value of
pacritinib for patients with marked thrombocytopenia
in PMF.

Like other JAK inhibitors, pacritinib can cause ane-
mia. However, due to its effect on the AVRI receptor, it
tends to have less severe long-term effects on anemia
compared to ruxolitinib and fedratinib.

POTENTIAL SEQUENCE OF JAKINHIBITOR USE
IN THE TREATMENT OF PATIENTS WITH PMF

Currently, three JAK inhibitors are available in Europe
and four in the USA. This allows for tailored treatment
based on clinical and specific hematological features,
ending the long period of reliance on a single drug.
The chart provides a guide for the sequence and selec-
tion of JAK inhibitors in clinical practic [34].

One of the most crucial aspects of treating patients
with primary myelofibrosis (PMF) and secondary my-
elofibrosis (resulting from transformation of polycythe-
mia vera or essential thrombocythemia) is the appro-
priate timing and prompt initiation of therapy. Analy-
sis of patient subgroups from conducted studies [35],
along with real-world clinical application, indicates
that outcomes are more favorable when JAK inhibitors,
particularly ruxolitinib, are introduced earlier in the dis-
ease course—when symptoms and complaints first ap-
pear, even if risk factors are not yet severe (patients in
the moderate/intermediate-1 phase). This approach al-
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Prva linija terapije (prethodno bez JAKi)
First-line therapy (in JAKi-naive patients)

Trombociti (x10°/L) <50 | >50
Thrombocytei///l
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Druga linija terapije (leceni sa JAKi)
Second-line therapy (patients treated with JAKi)

<50 | >50
/

(x10°/L)

PAKRITINIB RUKSOLTINIB PAKRITINIB FEDRATINIB

PACRITINIB RUXOLITINIB PACRITINIB FEDRATINIB

FEDRATINIB anemija
. FEDRATINIB transfuziona

transfuziona zavisnost
zavisnost / [ ] [ ] anemia
transfusion MOMELOTINIB / MOMELOTINIB MOMELOTINIB / MOMELOTIN|Btransfusion
dependency S

transfuziona Eritropoetini (ESA), imunomodulatori
zavisnost luspatercept, androgeni (danazol)

transfusion  Erythropoietins (ESA), immunomodulators

dependency luspatercept, androgens (danazol)

transformacija>

Eritropoetini (ESA), imunomodulatori
luspatercept, androgeni (danazol)

Erythropoietins (ESA), immunomodulators
luspatercept, androgens (danazol)

AKi kombinacije /navitoklaks, pelabresib

JAKi combinations /navitoclax, pelabresib/

azacitidin, studije, hemioterapija
transplantacija

transformations> azacitidine, clinical studies, chemotherapy

Grafikon 2. Moguca primena odobrenih JAKi prema linijama terapije i klinickim
odlikama bolesnika u le¢enju PMF (modifikovano prema Venugopal i sar. [34])

i efikasnije delovanje JAKi [22,35]. Za sada nije bilo kli-
ni¢kih studija sa primenom JAKi u vrlo ranim fazama
PMF, dok su rezultati primene ruksolitiniba kod bole-
snika sa kasnom fazom policitemije vere pokazali da
oni imaju dobar potencijal za kontrolu bolesti pa ¢ak
i za smanjivanje stope progresije bolesti u manifestnu
fibroti¢nu fazu, pa je ruksolitinib i odobren za lecenje
bolesnika sa PV u fazi rezistencije na hidroksiureu, kako
u SAD tako i u Evropi (EMA).

Kako je mehanizam klini¢kih manifestacija u PMF
vrlo kompleksan, te kako su ¢esto oni medusobno
isprepletani, postoji potreba za kombinovanjem leko-
va koji deluju na razli¢ite molekularne sisteme unutar
Celija hematopoeze kao i na celije strome i njihove in-
terakcije. Potencijal kombinovanja razli¢itih agenasa
je veoma veliki, od malih molekula kao $to su signal-
ni inhibitori drugih unutarcelijskih puteva, inhibitori
apoptoze, ihibitori telomerase, do monoklonskih an-
titela usmerenih na neovaskularizaciju i angiogene i
profibriti¢ne faktore. Imajudi u vidu da je to predmet
brojnih studija od kojih su mnoge u toku, osvrnu¢emo
se samo na dva nova leka koja su do sada u kombinaciji
pokazala znacajne efekte na smanjenje volumena sle-
zine kao glavnog klinickog merila efikasnosti lekova za
mijelofibrozu [36].

transplantation

Graph 2. Potential therapy with approved JAK inhibitors based on lines of
treatment and clinical features in PMF, modified from Venugopal et al. [34])

lows for the initiation of treatment with more favorable
baseline blood parameters, which can enhance the
effectiveness and efficiency of JAKi [22,35]. To date, no
clinical studies have investigated the use of JAK inhib-
itors in the very early stages of PMF. However, results
from studies of ruxolitinib in patients with late-stage
polycythemia vera have demonstrated its potential for
controlling the disease and slowing its progression to
the manifest fibrotic phase. Consequently, ruxolitinib
is approved for use in PV patients who are resistant to
hydroxyurea, both in the USA and in Europe (EMA).
Given the complexity and interrelated nature of
clinical manifestations in PMF, there is a need to com-
bine therapies that target different molecular path-
ways within hematopoietic cells, as well as those affect-
ing stromal cells and their interactions. The potential
for combining different agents is substantial, ranging
from small molecules like signaling inhibitors targeting
various intracellular pathways and apoptosis inhibitors
to telomerase inhibitors, as well as monoclonal anti-
bodies that target neovascularization, angiogenic fac-
tors, and profibrotic factors. Given that this topic is the
subject of numerous ongoing studies, we will focus on
just two new drugs that have demonstrated significant
effects in reducing spleen volume, which is the primary
clinical measure of drug efficacy for myelofibrosis [36].
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NAVITOKLAKS

Navitoklaks je aktivator proapototskih sistema unutar
Celije koji se zasniva na inhibiciji delovanja antiapop-
toskih gena kao $to su BCL-2 ali i BCL-XL koji je poseb-
no aktivan kod bolesnika sa mijeloproliferativnim neo-
plazmama kao sto je PMF [37]. Ovaj lek je jos od 2007.
godine u klinickom razvoju i sprovedene su brojne
studije ciji su dosadasnji rezultati pokazali efikasnost
kako samog leka tako i leka u kombinaciji sa drugim ci-
totoksi¢nim lekovima i signalnim inhibitorima. U PMF,
navitoklaks se isputuje u nekoliko studija od kojih su
dostupni rani rezulati REFINE i TRANSFORM-1 studije.
REFINE studija je bila prva studija koja je primenjiva-
la navitoklaks kod bolesnika koji prethodno nisu imali
odgovor na ruksolitinib ili su isti izgubili, (add on stu-
dija) i dodavanje navitoklaksa je omogucilo da 26,5%
bolesnika znacajno redukuje volumen slezine kao i da
se kod 30% bolesnika postigne znacajno smanjenje
simptoma merenih kroz specifi¢ni uputinik (TSS<50%)
[37,38].

Naredna, TRANSFORM-1 studija koja je u toku po-
kazala je dosta impresivne rezultate koji su prikazani
na sastanku Ameri¢kog udruzenja (ASH) 2023. godine
i Evropskog udruzenja hematologa 2024. godine [39].
Ova studija je zamisljena kao dvostruko slepa, place-
bo kontrolisana studija u dve kohorte, pri cemu su svi
bolesnici le¢eni ruksolitinibom uz dodatak navitoklak-
sa, odnosno placeba. Preliminarni rezultati pokazali su
da se u grupi bolesnika lec¢enih kombinacijom postize
znacajno smanjene volumena slezine gde je 63,2%
bolesnika postiglo cilj (SVS =35%) za razliku od 31,5%
bolesnika u grupi koja je primala ruksolitinib sa place-
bom. Rezultati smanjenja TSS skora bili su manje im-
presivni jer je znacajan broj bolesnika imao smanjenje
simptoma u celini, a smanjenje TSS<50% je postugnu-
to u priblizno istoj meri u obe grupe bolesnika, 39,2%
u grupi sa navitoklaksom i ruksolitinibom prema 41,7%
u grupi na ruksolitinibu sa placebom, sto je definitiv-
no neposredni efekat ruksolitiniba na JAK/STAT puteve
[37-39].

Jedan od najvecih problema primene navioklaksa
je nastanak trombocitopenije i neophodnost precizne
titracije terapije ali u dosadasnjem iskustvu kroz REFI-
NE i TRANSFORM-1 i 2 studiju nije pokazana znacajna
ucestalost krvarenja kao i potreba da se bolesnici is-
kljuce zbog izrazene trombocitopenije [37].

PELABRESIB

Drugi lek koji obecava je pelabresib, specifi¢ni inhibitor
bromodomena i ekstra-terminalnih (BET) domena pro-
teina koji bi mogli da nishodno reguliSu brojne gene
uklju¢ene u onkogenezu. Pelabresib je u fazi klinickog
razvoja i u toku su razlic¢ite studije sa brojnim malignim

NAVITOCLAX

Navitoclax activates pro-apoptotic pathways by inhib-
iting anti-apoptotic proteins such as BCL-2 and BCL-XL.
This mechanism is particularly effective in patients with
myeloproliferative neoplasms, such as PMF [37]. The
drug has been under clinical development since 2007,
with numerous studies demonstrating its effectiveness
both as a standalone treatment and in combination
with other cytotoxic drugs and signaling inhibitors. In
PMF, navitoclax is being investigated in several stud-
ies, with early results available from the REFINE and
TRANSFORM-1 trials. The REFINE study was the first to
evaluate navitoclax in patients who had either not re-
sponded to ruxolitinib or had lost their response (add-
on study). The addition of navitoclax led to a significant
reduction in spleen volume in 26.5% of patients and a
notable decrease in symptoms, as measured by a Total
Symptom Score (TSS<50%) in 30% of patients [37,38].

The ongoing TRANSFORM-1 study has demon-
strated promising results, which were presented at the
2023 American Society of Hematology (ASH) meet-
ing and the 2024 European Hematology Association
(EHA) meeting [39].The study was designed as a dou-
ble-blind, placebo-controlled trial with two cohorts,
where all patients were treated with ruxolitinib, either
with the addition of navitoclax or a placebo. Preliminary
results indicated that the combination therapy led to a
significant reduction in spleen volume, with 63.2% of
patients achieving the target (SVR =35%) compared to
31.5% in the ruxolitinib plus placebo group. The reduc-
tion in Total Symptom Score (TSS) was less striking. A
similar proportion of patients achieved a TSS reduction
to below 50% in both groups: 39.2% in the navitoclax
plus ruxolitinib group and 41.7% in the ruxolitinib plus
placebo group. This indicates that the observed symp-
tom improvement is likely a direct effect of ruxolitinib
on the JAK/STAT pathways [37-39].

One of the major challenges with navitoclax is the
risk of thrombocytopenia, necessitating careful dose
titration. However, based on experience from the RE-
FINE, TRANSFORM-1, and TRANSFORM-2 studies, there
has been no significant increase in bleeding incidents
or a need to exclude patients due to severe thrombo-
cytopenia [37].

PELABRESIB

Another promising drug is pelabresib, a specific inhibi-
tor of bromodomain and extra-terminal (BET) proteins.
By targeting these proteins, pelabresib has the potential
to downregulate multiple genes involved in oncogene-
sis. Pelabresib is currently in clinical development, with
ongoing studies across various malignancies. Specifical-
ly, two studies, MANIFEST [40] and MANIFEST-2 [40,41],
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bolestima, a u mijeloproliferativnim neoplazama spro-
vedene su dve studije MANIFEST [40] i MANIFEST-2
[40,41], pri ¢emu je studija MANIFEST-2 bila dvostruko
slepa, placebo kontrolisana studija kombinacije rukso-
litiniba i pelabresiba, odnosno placeba. Studija MANI-
FEST-2 je pokazala da dodatak pelabresiba popravlja
ukupni odgovor vecine bolesnika na ruksolitinib, jer
je SVS=35% postignut kod 65,9% bolesnika u ekspe-
rimetalnoj grupi u odnosu na 35,2% bolesnika le¢enih
ruksolitnibom i placebom [41]. Takode znaéajno sma-
njenje ukupnih simptoma je bilo znatno vise u sluca-
ju kombinacije pelabresiba i ruksolitiniba. TSS<50% je
postignut kod 52,3% ispitanika na kombinaciji u od-
nosu na 46,3% u grupi na ruksolitinibu sa placebom.
Ova studija je pokazala da je moguce postici dalju op-
timizaciju i poboljSanje incijalnog odgovora bolesnika
na ruksolitinib ¢ime se otvara moguénost i za brojne
druge kombinacije usmerene na poboljSanje ukupnog
terapijskog ishoda bolesnika sa primarnom mijelofi-
brozom. Kao i drugi JAKi i pelabresib moze dovesti do
pogorsanja anemije kao i do pojave trombocitopeni-
je, ali najvedi broj bolesnika je vrlo dobro podneo ovu
kombinovanu terapiju [40].

ZAKLJUCAK

Danasnje terapijske mogucnosti u leCenju bolesnika
sa mijelofibrozom obecavaju znacajno poboljsanje op-
Steg kvaliteta Zivota, smanjenje simptoma i smanjenje
slezine i time vrlo verovatno i produZenje zivota vecine
bolesnika, posebno ako se terapija uvede na vreme.
Razvojem vise JAKi dobili smo mogucénost boljeg tera-
pijskog izbora u specifi¢cnim klini¢kim situacijama kao
$to su bolesnici sa citopeni¢nom mijelofibrozom ili sa
izrazenom transfuziono zavisnom anemijom ciji je do-
sadasnji kvalitet zivota bio neadekvatan. Pored toga,
nova saznanja o biologiji bolesti, patofizioloskim i ge-
netskim mehanizmima omogudice u buduénosti na-
lazenje i drugih terapijskih ciljeva osim inhibicije JAK/
STAT puta, ¢ime ce verovatno kombinovana terapija u
narednim godinama postati osnova lecenja bolesnika i
u prvoj terapijskoj liniji [42].

Nadamo se da ¢e u Srbiji uskoro biti dostupan ba-
rem jo$ jedan od registrovanih JAK inhibitora ¢ime bi
nasi bolesnici imali dodatne terapijske moguénosti
pored ucesca u klini¢kim studijama Cija je dostupnost
sporadic¢na.

Sukob interesa: Nije prijavljen.

Ovaj rad je uraden u okviru insitucionalnog finansira-
nja Ministarstva nauke, tehnoloskog razvoja i inovacija
Republike Srbije, preko projekta Medicinskog fakulteta
pod naslovom: “Personalizovana medicina u lecenju
hematoloskih bolesnika”
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have been conducted in myeloproliferative neoplasms.
MANIFEST-2 is a double-blind, placebo-controlled trial
evaluating the combination of ruxolitinib and pelabresib
versus ruxolitinib with placebo. The MANIFEST-2 study
demonstrated that adding pelabresib to ruxolitinib
significantly enhances the overall response in patients.
In the experimental group, 65.9% of patients achieved
a spleen volume reduction of >35% (SVR=35%), com-
pared to 35.2% in the ruxolitinib plus placebo group
[41]. Additionally, the reduction in overall symptoms
was significantly greater with the combination of pela-
bresib and ruxolitinib. TSS reduction to below 50% was
achieved in 52.3% of patients receiving the combination
of pelabresib and ruxolitinib, compared to 46.3% in the
ruxolitinib plus placebo group. This study showed that
it is possible to achieve further optimization and im-
provement of the patient’s initial response to ruxolitinib,
which opens the possibility for numerous other combi-
nations aimed at improving the overall therapeutic out-
come of patients with primary myelofibrosis. Similar to
other JAK inhibitors, pelabresib can cause worsening of
anemia and thrombocytopenia. However, the majority
of patients tolerated the combination therapy well [40].

CONCLUSION

Current therapeutic options for myelofibrosis offer the
potential for significantimprovements in overall quality
of life, symptom reduction, and spleen size reduction.
Timely initiation of therapy is likely to enhance these
benefits and potentially extend the lifespan of many
patients. The development of additional JAK inhibitors
has expanded our therapeutic options, allowing for
more tailored treatments in specific clinical scenarios,
such as patients with cytopenic myelofibrosis or severe
transfusion-dependent anemia. This advancement of-
fers the potential to significantly improve the previous-
ly inadequate quality of life for these patients. More-
over, advancing our understanding of the disease’s bi-
ology, pathophysiological, and genetic mechanisms is
expected to reveal new therapeutic targets beyond the
JAK/STAT pathway. This progress will likely lead to the
adoption of combination therapies as the standard ap-
proach for first-line treatment in the coming years [42].
We hope that at least one more of the registered
JAK inhibitors will soon be available in Serbia, provid-
ing our patients with additional therapeutic options
beyond the sporadic availability of clinical studies.
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SAZETAK

Antifosfolipidna antitela (aPL antitela; engl. antiphospholipid antibodies) su hete-
rogena grupa autoantitela koja su usmerena na anjonske fosfolipide ili proteine
koji se vezuju za fosfolipide. Mogu biti udruzena sa brojnim klinickim manifesta-
cijama u gotovo svim oblastima medicine, ali je antifosfolipidni sindrom (engl.
antiphospholipid syndrome — APS) najpreciznije definisani entitet koji se karak-
teride prisustvom ovih antitela. Najce3ce klinicke manifestacije prisustva aPL
antitela su tromboze, u bilo kom delu cirkulacije, kao i komplikacije trudnoce, u
formi spontanog gubitka ploda ili prevremenog porodaja usled preeklampsije,
eklampsije ili placentalne insuficijencije. Prema modifikovanoj Sapporo klasifika-
ciji iz 2006. godine, ove manifestacije predstavljaju jedini klinicki kriterijum za
dijagnozu APS-a. Medutim, kod priblizno ¢etvrtine bolesnika sa APS-om, prisutne
su i druge patoloske promene, koje su Cesto udruzene sa aPL antitelima, ali koje
ne ulaze u zvanicne kriterijume za klasifikaciju ove bolesti. Znacajno je da ove
manifestacije mogu biti udruZene sa aPL antitelima i u odsustvu tromboze ili pa-
tologije trudnoce, dakle bez zadovoljenih kriterijuma za APS. Prepoznavanje ne-
kriterijumskih manifestacija je od velikog znacaja posto bi njihov nalaz trebalo da
skrene paznju na moguce prisustvo aPL antitela i ukaZe na postojanje APS-aili na
rizik od njegove pojave. Najnovija klasifikacija, objavljena 2023. godine, od strane
Americkog koledza za reumatologiju/Evropske alijanse udruzenja za reumatolo-
giju (engl. American College of Rheumatology/European Alliance of Associations for
Rheumatology — ACR/EULAR), prosirila je spisak klinickih kriterijuma za prepozna-
vanje antifosfolipidnog sindroma. Ova klasifikacija ima vecu specificnost ali ma-
nju senzitivnost u prepoznavanju APS-a u odnosu na ranije kriterijume. Za sada
su ACR/EULAR kriterijumi prevashodno namenjeni za odabir bolesnika u klinickim
studijama, a ne za dijagnostikovanje APS-a u svakodnevnoj klinickoj praksi.
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ABSTRACT

Antiphospholipid antibodies (aPL antibodies) are a heterogeneous group of
autoantibodies that target anionic phospholipids or phospholipid-binding pro-
teins. They can be associated with numerous clinical manifestations in almost
all areas of clinical medicine, but antiphospholipid syndrome (APS) is the most
precisely defined entity. The most common clinical manifestations of aPL are
thrombosis in any part of the circulation, as well as pregnancy complications
in the form of miscarriage or premature birth due to preeclampsia, eclampsia,
or placental insufficiency. According to the modified Sapporo classification of
2006, thrombosis and/or pregnancy complications represent the clinical crite-
ria for diagnosing APS. However, in approximately a quarter of patients with
APS, additional clinical manifestations are present, which are not accepted as
criteria for APS. Interestingly, these manifestations can be associated with aPL
antibodies even in the absence of thrombosis or pregnancy morbidity, i.e.,
without the presence of the criteria for definitive APS. Recognizing non-cri-
teria manifestations is highly significant because it can draw attention to the
possible presence of aPL antibodies and indicate the presence of APS or the risk
of its occurrence. The latest classification was published in 2023 by the Ameri-
can College of Rheumatology/European Alliance of Rheumatology Associations
(ACR/EULAR). It expanded the list of clinical criteria for the recognition of an-
tiphospholipid syndrome. This classification demonstrates higher specificity
but lesser sensitivity in recognizing APS than earlier criteria. At present, the
application of the ACR/EULAR criteria is primarily intended for research pur-
poses, i.e., selecting study subjects, rather than for diagnosing APS in everyday
clinical practice.
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syndrome, pregnancy complications, classification
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uvoD

Poremecaji u regulaciji imunoloskog sistema i abnor-
malna produkcija autoantitela mogu uzrokovati vedi
broj autoimunih bolesti. Autoantitela koja su usmerena
ka specifi¢cnim antigenima obi¢no su udruzena sa tipic-
nom klinickom slikom kao sto je slu¢aj sa reumatoidnim
faktorom kod reumatoidnog artritisa. S druge strane,
prisustvo antifosfolipidnih antitela ispoljava se putem
brojnih i heterogenih klini¢kih manifestacija. Najsnaz-
nija povezanost aPL antitela je dokazana sa pojavom
tromboze ili razvojem komplikacija u trudnodi, ali se
ova antitela mogu nadi i kod ¢itavog niza drugih obo-
lienja u ¢ijoj patogenezi ova antitela imaju manje jasnu
ulogu [1]. Gotovo da nema oblasti klinicke medicine
u kojoj ne postoji neka bolest ili poremecaj koji pred-
stavljaju manifestaciju prisustva aPL antitela. Medutim,
i pored uloge u patogenezi nekih od najcescih bolesti,
znacaj aPL antitela je u svakodnevnoj praksi prilicno
potcenjen. Na primer, iako se ova antitela mogu nadi
kod 10% bolesnika sa infarktom srca, njihovo odredi-
vanje Cesto nije deo rutinske prakse ¢ak ni kod mladih
osoba sa trombozom koronarnih arterija [2].

Od posebnog znacaja je napomenuti da aPL antite-
la najcesce predstavljaju perzistentni rizik za pojavu ili
progresiju oboljenja sa kojima su udruzena. Zbog toga
je vazno poznavati klinicke manifestacije aPL antitela
kako bi se $to ranije moglo dijagnostikovati njihovo pri-
sustvo i preduzeti le¢enje oboljenja do kojeg dovode.

ANTIFOSFOLIPIDNA ANTITELA

Termin antifosfolipidna antitela predstavlja zajednicki
naziv za heterogenu grupu autoantitela usmerenih ka
anjonskim fosfolipidima ili proteinima koji se vezuju za
fosfolipide [3]. Mogu biti tranzitorna (prolazna) i perzi-
stentna. Tranzitorna antitela se naj¢e3ce javljaju u okvi-
ru akutnih virusnih infekcija i i¢ezavaju u roku od ne-
koliko nedelja, pri ¢emu uglavnom ne dovode do klini¢-
kih manifestacija [4]. S druge strane, perzistentna aPL
antitela koja su udruzena sa klini¢kim manifestacijama
mogu se javiti kao samostalni (primarni) fenomen ili
mogu pratiti autoimune ili neke druge hroni¢ne bolesti.

Brojne studije su uverljivo dokumentovale da je
nalaz antikardiolipinskih antitela (aCL antitela; engl. an-
ticardiolipin antibodies) 1gG i IgM klase, anti beta 2 gli-
koprotein | antitela (anti B2GPI antitela) IgG i IgM klase
i lupusnog antikoagulansa (engl. lupus anticoagulant
- LAC) znacajno povezan sa vecim rizikom od nastanka
tromboze ili komplikacija u toku trudnoce. Zbog toga je
prisustvo bar jednog od ovih antitela neophodan labo-
ratorijski kriterijum za dijagnozu antifosfolipidnog sin-
droma [5]. Antifosfolipidna antitela mogu biti usmerena
i na najmanje 20-tak drugih fosfolipida ili fosfolipid-ve-
zujucih proteina, kao sto su fosfatidilserin, protein C,

INTRODUCTION

Disruption in the immune system regulation and ab-
normal production of autoantibodies can cause many
autoimmune diseases. Autoantibodies directed against
specific antigens are usually associated with a typical
clinical presentation such as the rheumatoid factor in
rheumatoid arthritis. On the other hand, the presence
of antiphospholipid antibodies is expressed through
numerous and heterogeneous clinical manifestations.
The strongest association of aPL antibodies has been
proven with the occurrence of thrombosis or the de-
velopment of complications in pregnancy, but these
antibodies can also be found in a whole series of other
diseases in whose pathogenesis these antibodies have
a less clear role [1]. There is almost no area of clinical
medicine without any diseases or disorders that are
manifestations of the presence of aPL antibodies. How-
ever, despite their role in the pathogenesis of some of
the most common diseases, the importance of aPL an-
tibodies is rather underestimated in everyday practice.
For example, although these antibodies can be found
in 10% of heart attack patients, testing for aPL anti-
bodies is often not included in routine practice even in
younger patients with coronary artery thrombosis [2].

It is particularly important to note that aPL an-
tibodies most often present a persistent risk for the
occurrence or progression of the diseases with which
they are associated. Therefore, it is important to under-
stand the clinical manifestations of aPL antibodies in
order to diagnose their presence as early as possible
and treat the disease they cause.

ANTIPHOSPHOLIPID ANTIBODIES

Antiphospholipid antibodies is an umbrella term for a
heterogeneous group of autoantibodies that target
anionic phospholipids or phospholipid-binding pro-
teins [3]. They can be transient and persistent. Transient
antibodies most often appear in acute viral infections
disappearing within several weeks, and they generally
do not lead to clinical manifestations [4]. On the other
hand, persistent aPL antibodies associated with clinical
manifestations may occur as an independent (primary)
phenomenon or may accompany autoimmune or oth-
er chronic diseases.

Numerous studies have definitively documented
that the presence of anticardiolipin antibodies (aCL
antibodies) — class IgG and class IgM, anti-beta 2 glyco-
protein | antibodies (anti-B2GPI antibodies) — class IgG
and class IgM, and the lupus anticoagulant (LAC) was
significantly associated with a higher risk of throm-
bosis or complications during pregnancy. Therefore,
the presence of at least one of these antibodies is a
necessary laboratory criterion for the diagnosis of an-
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protein S, aneksin I, aneksin V, trombomodulin i drugi.
Za ova aPL antitela nije dokazana definitivna poveza-
nost sa klinickim manifestacijama pa se njihovo odre-
divanje ne preporucuje u redovnoj klini¢koj praksi [5].

Laboratorijska metodologija za dokazivanje antifo-
sfolipidnih antitela obuhvata dve osnovne grupe testo-
va: prisustvo LAC-a se dokazuje koagulacionim meto-
dama dok se aCL antitela i anti 3,GPI antitela detektuju
enzimskim imunosorbentnim esejom (enzyme-linked
immunosorbent assay — ELISA) ili drugim imunoesejima
baziranim na principu vezivanja antitela za kardiolipin
ili B,GPI u ¢vrstoj fazi. Ove metode detektuju hetero-
gene populacije aPL antitela koja mogu biti usmerena
ka razli¢itim antigenima - u imunoesejima to su kar-
diolipin ili B,GPI, a u slu¢aju lupusnog antikoagulansa
antigeni su fosfolipid-vezujudi proteini kao Sto su ,GPI
ili protrombin [6]. Novije studije su pokazale da klini¢-
ko ispoljavanje prisustva aPL antitela u znacajnoj meri
zavisi od njihovog profila. Pojava tromboze ili kompli-
kacija trudnoce najsnaznije korelira sa istovremenim
postojanjem aCL antitela, anti B,GPI antitela i LAC-a
(tzv. trostruka pozitivnost) [7]. Pokazano je da antitela
usmerena na domen D1 u 3,GPI molekulu imaju najve-
¢i potencijal da dovedu do klini¢kih manifestacija anti-
fosfolipidnog sindroma [8].

Prisustvo aPL antitela se moze ispoljiti na Cetiri 0s-
novna nacina: kao prisustvo asimptomatskih antitela,
kao APS, kao katastrofi¢ni APS i putem klini¢kih mani-
festacija koje nisu obuhvacene kriterijumima za klasifi-
kaciju antifosfolipidnog sindroma.

ASIMPTOMATSKO PRISUSTVO APL ANTITELA

Interesantno je da se prisustvo aPL antitela moze do-
kazati kod priblizno 1% - 5% osoba u opstoj populaciji,
pri ¢emu ucestalost pozitivnog nalaza raste kod starijih
0soba, te osoba sa autoimunim bolestima, hroni¢nim in-
fekcijama i malignitetima [9]. Nije zapaZena povezanost
izmedu titra i vrste antifosfolipidnih antitela i pojave kli-
nickih manifestacija kod asimptomatskih osoba [10].

ANTIFOSFOLIPIDNI SINDROM

Antifosfolipidni sindrom je sistemska autoimuna bo-
lest koju karakterise perzistentno prisustvo aPL antite-
la sa jedne strane, odnosno dokazana tromboza u bilo
kojem delu cirkulatornog sistema i/ili patologija trud-
noce, sa druge strane. Prvi, tzv. Sapporo kriterijumi za
klasifikaciju antifosfolipidnog sindroma publikovani su
1999, a revidirani su 2006. godine (tzv. Sydney kriteri-
jumi) [11,5]. Interesantno je da, prema revidiranoj kla-
sifikaciji, brojne klinicke manifestacije za koje se zna da
Cesto mogu biti udruzene sa prisustvom aPL antitela
nisu uvrstene u kriterijume za prepoznavanje definitiv-
nog APS-a. Medutim, klasifikacioni kriterijjumi nedavno

tiphospholipid syndrome [5]. Antiphospholipid anti-
bodies can also target at least 20 other phospholipids
or phospholipid-binding proteins, such as phospha-
tidylserine, protein C, protein S, annexin I, annexin V,
thrombomodulin, and other. For these aPL antibodies,
no definitive association with clinical manifestations
has been proven, therefore it is not recommended to
test for them in regular clinical practice [5].

The laboratory methodology for proving antiphos-
pholipid antibodies includes two basic groups of tests:
LAC detection is based on functional coagulation as-
says, while aCL antibodies and anti-B,GPI antibodies
are detected with the enzyme-linked immunosor-
bent assay (ELISA) or other immunoassays based on
the principle of antibodies binding to cardiolipin or
B,GPI, in the solid phase. These methods detect het-
erogeneous populations of aPL antibodies targeting
different antigens - in immunoassays, these are cardi-
olipin or B,GPI, and in the case of the lupus anticoag-
ulant, the antigens are phospholipid-binding proteins
such as B,GPI or prothrombin [6]. Recent studies have
shown that the clinical manifestation of the presence
of aPL antibodies significantly depends on their profile.
The development of thrombosis or pregnancy compli-
cations correlates most strongly with the concurrent
presence of aCL antibodies, anti 3,GPI antibodies and
LAC (so-called triple positivity) [7]. It has been shown
that antibodies targeting the D1 domain in the ,GPI
molecule have the greatest potential to lead to clinical
manifestations of the antiphospholipid syndrome [8].

The presence of aPL antibodies can manifest in
four basic ways: as the presence of asymptomatic an-
tibodies, as APS, as catastrophic APS, as well as in the
form of clinical manifestations that are not covered by
the criteria for the classification of the antiphospholip-
id syndrome.

ASYMPTOMATIC PRESENCE OF APL
ANTIBODIES

Interestingly, the presence of aPL antibodies can be prov-
en in approximately 1% - 5% of people in the general
population, with the frequency of positive findings in-
creasing among the elderly, as well as in people with au-
toimmune diseases, chronic infections, and malignancies
[9]. No correlation was observed between the titer and
type of antiphospholipid antibodies and the presence of
clinical manifestations in asymptomatic individuals [10].

ANTIPHOSPHOLIPID SYNDROME

Antiphospholipid syndrome is a systemic autoimmune
disease characterized by the persistent presence of aPL
antibodies, on the one hand, or proven thrombosis in
any part of the circulatory system and/or pregnancy
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publikovani od strane ACR/EULAR prosiruju spektar
klinickih manifestacija koje se smatraju ispoljavanjem
antifosfolipidnog sindroma [12].

Prema ACR/EULAR kriterijumima, boduje se Sest
klinickih domena (tromboza vena, tromboza arterija,
tromboza u mikrocirkulaciji, obstetricke komplikacije,
promene na sréanim zaliscima i hematoloske manife-
stacije) kao i dva laboratorijska domena. U odnosu na
modifikovanu Sapporo klasifikaciju u kojoj su svi krite-
rijumi imali istu tezinu, u ACR/EULAR klasifikaciji je izvr-
$eno rangiranje kriterijuma prema vaznosti zasnovanoj
na specificnosti za prisustvo APS-a. Tako, na primer, u

pathology, on the other. The first criteria for the clas-
sification of the antiphospholipid syndrome, i.e., the
Sapporo criteria, were published in 1999. They were
revised in 2006 (the Sydney criteria) [11,5]. Interesting-
ly, according to the revised classification, numerous
clinical manifestations that are known to be often as-
sociated with the presence of aPL antibodies are not
included in the criteria for the recognition of definite
APS. However, the classification criteria recently pub-
lished by the ACR/EULAR expand the spectrum of clini-
cal manifestations that are considered to be manifesta-
tions of the antiphospholipid syndrome [12].

Tabela 1. Poredenje kriterijuma za antifosfolipidni sindrom po modifikovanoj Sapporo i ACR/EULAR klasifikaciji

Modifikovani Sapporo kriterijumi (2006.)
Klinicki kriterijumi
1. Tromboze (bilo koji organ ili tkivo)
a. Arterija
b. Vena
¢. Mikrocirkulacija
2. Patologija trudnoce
a. Triili viSe spontanih gubitaka ploda pre desete nedelje trudnoce
b. Spontani gubitak morfoloski normalnog fetusa nakon 10-te
nedelje trudnoce
¢. Jedan ili vise prevremenih porodaja normalnog neonatusa pre
34. nedelje trudnoce zhog teske preeklampsije, eklampsije ili
placentalne insuficijencije

Laboratorijski kriterijumi

1. Perzistentno pozitivan test na LAC

i/ili

2. Perzistentno pozitivna antikardiolipinska antitela IgG ili IgM izotipa
(usrednjemili visokom titru, odnosno > 40 GPLili MPL, odnosno veca
0d 99. percentila za opStu populaciju)

i/ili

3. Perzistentno pozitivna anti 3,GPI antitela IgG ili IgM izotipa u titru
vecem od 99. percentila za op$tu populaciju

Dijagnoza: Najmanje jedan klinicki i jedan laboratorijski kriterijum
unutar pet godina jedan od drugog.

ACR/EULAR kriterijumi (2023.)
Klinicki kriterijumi
1. Tromboze vena — makrovaskularne
a. Sa drugim faktorima rizika za trombozu vena: 1 bod
b. Bez drugih faktora rizika: 3 boda
2. Tromboze arterija — makrovaskularne
a. Sa drugim faktorima rizika za kardiovaskularne bolesti: 2 boda
b. Bez drugih faktora rizika: 3 boda
3. Mikrovaskularne tromboze
a. Livedo racemosa, livedoidna vaskulopatija, aPL nefropatija, pulmonalna hemoragija
(sumnja: 2 boda; potvrdena: 5 bodova)
b. Potvrdena adrenalna hemoragija/miokardna bolest: 5 bodova
4. Obstetricke manifestacije
a. Trii vise konsekutivnih gubitaka ploda pre desete nedelje i/ili smrt fetusa u dobu
10 — 15 nedelja gestacije + 6 dana: 1 bod
b. Smrt fetusa u dobu od 16 — 33 nedelja gestacije + 6 dana, u odsustvu teske
preeklampsije ili teSke placentalne insuficijencije: 1 bod
¢. Tedka preeklampsija ili teSka placentalna insuficijencija pre 34. nedelje gestacije, sa
ili bez smrti fetusa: 3 boda
d. Teska preeklampsija i teska placentalna insuficijencija pre 34. nedelje gestacije, sa
ili bez smrti fetusa: 4 boda
5. Srcani zalisci
a. Zadebljanje: 2 boda
b. Vegetacija: 4 boda
6. Hematoloski kriterijumi
a. Trombocitopenija: 2 boda

Laboratorijski kriterijumi
1. Pozitivan test na LAC
a. Jednom: 1 bod
b. Perzistentno: 5 bodova

2. Perzistentno pozitivna acL i/ili anti 3,GPI antitela
a. Srednje visok ili visok titar IgM aCL i/ili anti {3,GPI antitela: 1 bod
b. Srednje povecan titar (40 — 79 U/ml) IgG aCL i/ili anti 3,GP! antitela: 4 boda
¢. Visok titar (> 80 U/ml) IgG aCL ili anti BZGPI antitela: 5 bodova
d. Visok titar (> 80 U/ml) IgG aCL i anti BZGPI antitela: 7 bodova

Dijagnoza: Sabira se po jedna karakteristika sa najvisim brojem bodova iz svakog
domena. Za dijagnostikovanje APS-a potrebno je najmanje po tri boda u klinickim i u
laboratorijskim domenima. Klinicki i laboratorijski kriterijumi moraju biti ustanovljeni
unutar tri godine jedan od drugog.
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obstetrickim kriterijjumima, postojanje > 3 konsekutiv-
na gubitka ploda pre desete nedelje trudnoce se vred-
nuje jednim bodom i ima manju vaznost u odnosu na
tesku placentalnu insuficijenciju pre 34. nedelje trud-
noce, koja se ocenjuje sa Cetiri boda. Definitivna dija-
gnoza se dobija zbirom bodova pojedinacnih klini¢kih
i laboratorijskih kriterijuma, pri ¢emu je za definitivhu
dijagnozu APS-a neophodno najmanje tri klini¢ka i tri
laboratorijska boda. Osnovni cilj ACR/EULAR klasifika-
cije je da se unapredi specificnost u prepoznavanju
APS-a, kako bi se formirale sto homogenije grupe bole-
snika za klini¢ke studije. Medutim, na taj nacin se zna-

According to the ACR/EULAR criteria, six clini-
cal domains (vein thrombosis, arterial thrombosis,
thrombosis in the microcirculation, obstetric compli-
cations, heart valve changes, and hematological man-
ifestations) and two laboratory domains are scored.
As compared to the modified Sapporo classification,
wherein all criteria carry the same weight, in the ACR/
EULAR classification, the criteria are ranked according
to significance based on specificity for the presence of
APS. Thus, for example, in the obstetric criteria, the oc-
currence of > 3 consecutive pregnancy losses before
week 10 of gestation is scored with one point and is

Table 1. Comparison of criteria for antiphospholipid syndrome according to the modified Sapporo and ACR/EULAR classifications

(linical criteria
1. Thrombosis (any organ or tissue)
a. Arterial
b. Venous
¢. Small vessels
2. Pregnancy morbidity
a. >3 miscarriages before week 10 of gestation
b. Unexplained death of a morphologically normal fetus at >10
weeks of gestation
¢. =1 birth of a morphologically normal neonate < 34 weeks of
gestation, due to: (i) eclampsia or severe preeclampsia or (ii)
placental insufficiency

(linical criteria

1. Macrovascular venous thromboembolism (VTE)

a. VTE with other high-risk VTE profile: 1 point

b. VTE without other high-risk VTE profile: 3 points
2. Macrovascular arterial thrombosis

a. Arterial thrombosis with high-risk CVD profile: 2 points

b. Arterial thrombosis without high-risk CVD profile: 4 points
3. Microvascular thrombosis

a. Livedo racemosa, livedoid vasculopathy, aPL nephropathy, pulmonary hemorrhage

(suspected: 2 points; confirmed: 5 points)

b. Confirmed adrenal hemorrhage/

microvascular myocardial disease: 5 points
4. Obstetric complications

a. >3 consecutive prefetal (<10 weeks of gestation) and/or early fetal death (10—
15 weeks + 6 days of gestation): 1 point
b. Fetal death (16 — 33 weeks + 6 d of gestation) in the absence of
severe preeclampsia or severe placental insufficiency: 1 point
¢. Severe preeclampsia (< 34 weeks of gestation) or
severe placental insufficiency
(< 34 weeks of gestation) with/without fetal death: 3 points
d. Severe preeclampsia (< 34 weeks of gestation) and severe placental insufficiency
(< 34 weeks of gestation) with/without fetal death: 4 points
5. Cardiac valves
a. Thickening: 2 points
b. Vegetation: 4 points
6. Hematological criteria
a. Thrombocytopenia: 2 points

Laboratory criteria

1. Persistently positive LAC test

and/or

2. Persistently positive 1gG/IgM aCL antibodies (at medium or high
ELISA titer, i.e., > 40 GPL or MPL, i.e., higher than the 99" percentile
for the general population)

and/ or

3. Persistently positive IgG or IgM isotype anti-B,GPI antibodies in a
titer higher than the 99" percentile for the general population

Laboratory criteria
1. Positive LAC test:
a. On one occasion: 1 point
b. Persistently: 5 points
2. Persistently positive aCL and/or aB2GPI antibodies
a. Moderate or high titer of IgM aCL and/or a2GPI: 1 point
b. Moderately elevated titer (40 — 79 U/ml) of IgG aCL and/or aB2GPI antibodies: 4
points
¢. High titer (= 80 U/ml) of 1gG aCL or ap2GP! antibodies: 5 points
d. High titer (= 80 U/ml) of 1gG aCL and aB2GPI antibodies: 7 points

Diagnosis: At least one clinical criterion and at least one laboratory
criterion.

Clinical and laboratory criteria must be detected within five years of
each other

Diagnosis: The single highest-scoring feature from each domain is added up. APS is classi-
fied as > 3 points in clinical domains and > 3 points in laboratory domains.
Clinical and laboratory criteria must be detected within three years of each other.
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¢ajno smanjuje senzitivnost u prepoznavanju APS-a,
odnosno povecava verovatnoca neprepoznavanja
bolesti kod pojedinacnog bolesnika. U Tabeli 1 su upo-
redno prikazani kriterijumi za prepoznavanje APS-a po
revidiranoj Sapporo i novoj ACR/EULAR klasifikaciji.

TROMBOZA VELIKIH KRVNIH SUDOVA

Zarazliku od urodene trombofilije, tromboze udruzene
sa aPL antitelima se mogu javiti u bilo kom delu cirku-
latornog sistema, odnosno u venama, arterijama i mi-
krocirkulaciji. Tromboze dubokih vena donjih ekstre-
miteta, sa ili bez trombne embolije pluca, predstavljaju
najtipi¢niju klinicku manifestaciju antifosfolipidnog
sindroma. U jednoj meta-analizi je pokazano da se kod
priblizno 10% bolesnika sa trombozom dubokih vena
moze dokazati prisustvo aPL antitela [13]. Bolesnici sa
trombozom i aPL antitelima su u visokom riziku od re-
cidiva tromboze nakon obustavljanja antikoagulantne
terapije, a mortalitet kod ovih osoba u toku cetvoro-
godisnjeg pracenja je bio znacajno veci u odnosu na
osobe sa trombozom ali bez aPL antitela [14].

Infarkt mozga i tranzitorni ishemi¢ni atak (TIA)
predstavljaju najcesé¢e manifestacije tromboze arteri-
ja kod bolesnika sa APS-om [15]. Veza izmedu infarkta
mozga i prisustva aPL antitela je snaznija kod mladih
nego kod starijih osoba, a moguce je dai etnicki faktori
imaju vaznu ulogu, pri ¢emu je infarkt mozga posebno
Cest kod bolesnika azijskog porekla. U jednoj japanskoj
studiji, 61% bolesnika sa APL sindromom prezentova-
lo je infarktom mozga. Treba imati na umu da infarkt
mozga ili tranzitorni ishemi¢ni atak moze biti i posle-
dica embolizacije sa izmenjenih aortnih ili mitralnih
valvula, 5to nije redak nalaz kod bolesnika sa aPL an-
titelima.

Infarkt srca nije ¢esta manifestacija antifosfolipid-
nog sindroma. U jednoj novijoj studiji, prisustvo aPL
antitela je nadeno kod 11% od ukupno 805 konseku-
tivnih bolesnika sa prvim infarktom srca mladih od 75
godina i kod 1% od ukupno 805 zdravih osoba [16].
Pored toga, pokazano je da prisustvo antifosfolipidnih
antitela povecava rizik od rekurentnog ishemijskog do-
gadaja kod bolesnika koji imaju koronarnu bolest [17].

PATOLOGIJA TRUDNOCE

Komplikacije u trudnoci su cesta manifestacija prisu-
stva aPL antitela kod Zena u reproduktivhom dobu.
Najcesce ali najmanje specificne obstetricke manife-
stacije su ponavljani gubici ploda pre desete nedelje
gestacije. Kasniji gubici ploda kao i insuficijencija po-
steljice koja uzrokuje porodaj pre 34. nedelje trudnoce
znatno snaznije sugerisu prisustvo aPL antitela. Kod
zena sa aPL antitelima povecan je rizik abrupcije po-
steljice i pojave sindroma karakterisanog hemolizom,

less significant than severe placental insufficiency be-
fore week 34 of gestation, which is scored with four
points. A definitive diagnosis is obtained by summing
up the points of individual clinical and laboratory cri-
teria, whereby at least three clinical and three labora-
tory points are necessary for a definitive diagnosis of
APS. The primary goal of the ACR/EULAR classification
is to improve the specificity in detecting APS, in order
to form more homogeneous groups of patients for
clinical studies. However, in this way, the sensitivity in
recognizing APS is significantly reduced, i.e,, the prob-
ability of not recognizing the disease in an individual
patient increases. Table 1 compares the criteria for de-
tecting APS according to the revised Sapporo and the
new ACR/EULAR classification.

THROMBOSIS OF LARGE BLOOD VESSELS

Unlike congenital thrombophilia, thrombosis associ-
ated with aPL antibodies can occur in any part of the
circulatory system, i.e., in the veins and arteries, and
as microvascular thrombosis. Deep vein thrombosis of
the lower extremities, with or without pulmonary em-
bolism, is the most typical clinical manifestation of the
antiphospholipid syndrome. In one meta-analysis, it
was shown that the presence of aPL antibodies can be
detected in approximately 10% of patients with deep
vein thrombosis [13]. Patients with thrombosis and aPL
antibodies are at high risk of thrombosis recurrence af-
ter anticoagulant therapy is discontinued. The mortali-
ty in such patients was shown to be significantly high-
er, as compared to people with thrombosis but with-
out aPL antibodies, during a four-year follow-up [14].

Cerebral infarction and transient ischemic attack
(TIA) are the most common manifestations of arterial
thrombosis in patients with APS [15]. The association
between cerebral infarction and the presence of aPL
antibodies is stronger in younger people than in older
people, and it is possible that ethnic factors also play
an important role, whereby cerebral infarction is espe-
cially common in patients of Asian descent. In a Japa-
nese study, 61% of patients with APL syndrome pre-
sented with cerebral infarction. It should be noted that
cerebral infarction or transient ischemic attack can also
be the consequence of embolization originating from
malformed aortic or mitral valves, which is not a rare
finding in patients with aPL antibodies.

Myocardial infarction is not a common manifes-
tation of the antiphospholipid syndrome. In a recent
study, the presence of aPL antibodies was foundin 11%
of a total of 805 consecutive patients younger than 75
years who had suffered their first myocardial infarction
and in 1% of a total of 805 healthy individuals [16]. In
addition, it has been shown that the presence of anti-
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porastom jetrenih enzima i trombocitopenijom odno-
sno HELLP sindroma (Hemolysis, Elevated Liver enzyme
levels, and Low Platelet levels — HELLP syndrome).
Interesantno je da znacajan broj Zena sa aPL anti-
telima pokazuju izrazitu sklonost ka obstetri¢nim kom-
plikacijama bez ispoljavanja sklonosti ka trombozi pa
neki autori koriste termine ,obstetri¢ni APL sindrom” i
,tromboti¢ni APL sindrom”, ali jo$ uvek nema jasnih pa-
tofizioloskih kriterijuma za ovakvu podelu [18].

TROMBOZA U MIKROCIRKULACUJI

Tromboza sitnih krvnih sudova u razli¢itim organima
se javlja kod priblizno 12% bolesnika sa APS-om i reda
je u odnosu na trombozu arterija i vena [19]. NajceSce
se dokazuje patohistoloskim pregledom i dominantan
je nalaz kod bolesnika sa katastrofi¢cnim antifosfolipid-
nim sindromom. Moze se ispoljiti u velikom broju or-
gana ali su najceSce zahvaceni koza i bubrezi. U kozi
se mikrotromboze mogu javiti kao livedoidna vasku-
lopatija, superficijalna gangrena, subakutni nodusi ili
ekhimoza. U srcu i mozgu mikrotromboze mogu rezul-
tovati mikrotrombima i mikroinfarktima dok u plu¢ima
mogu rezultovati alveolarnom hemoragijom ili akut-
nim respiratornim distres sindromom. Mikrotromboze
u bubrezima se ispoljavaju kao akutna bubrezna insu-
ficijencija, hipertenzija ili tromboti¢na mikroangiopati-
ja. Infarkti creva, jetre, slezine ili pankreasa mogu biti
manifestacije tromboze sitnih krvnih sudova u ovim
organima. Do formiranja tromba moze dodi i u sitnim
sudovima retine sa znacima retinalne vaskulopatije.

KOZNE LEZIJE KOD BOLESNIKA SA APL
ANTITELIMA

Koza je Cesto zahvacdena kod bolesnika sa prisutnim
aPL antitelima. Livedo reticularis je nale$¢a kozna pro-
mena kod bolesnika sa APS-om i prisutan je kod pri-
blizno 24% bolesnika sa ovom boles¢u. Njegovo pri-
sustvo bi trebalo redovno da pobudi sumnju na APS,
mada zbog male specifi¢nosti, livedo reticularis nije
uvrsten u klinicke kriterijume APS-a prema novoj ACR/
EULAR Kklasifikaciji [15]. Kod nekih bolesnika, aPL anti-
tela su udruzena sa ulceracijama na potkolenicama,
gangrenom distalnih delova prstiju i pseudovaskuliti-
som. Interesantno je da se prisustvo aPL antitela moze
naci kod priblizno 50% bolesnika sa tzv. Snedonovim
sindromom koji podrazumeva postojanje promena na
kozi po tipu livedo racemosa i ponavljanih TIA ili infar-
kta mozga. Livedo racemosa je po morfoloskim karak-
teristikama sli¢an livedo reticularis-u i predstavlja ljubi-
Castu, simetri¢nu, mrezastu 3aru na kozi trupa koja ne
iSCezava pri zagrevanju koze. Kod znacajnog procenta
bolesnika sa Snedonovim sindromom, prisutni su i ar-
terijska hipertenzija i valvularne mane srca [20].

phospholipid antibodies increases the risk of recurrent
ischemic events in patients with coronary disease [17].

PREGNANCY PATHOLOGY

Complications in pregnancy are a frequent manifes-
tation of the presence of aPL antibodies in women of
reproductive age. The most common but least specif-
ic obstetric manifestation is repeated pregnancy loss
before week ten of gestation. Later fetal losses as well
as placental insufficiency causing delivery before week
34 of pregnancy strongly indicate the presence of aPL
antibodies. In women with aPL antibodies, there is an
increased risk of placental abruption and the develop-
ment of HELLP syndrome (Hemolysis, Elevated Liver
enzyme levels, and Low Platelet levels).

Interestingly, a significant number of women with
aPL antibodies show a marked tendency towards ob-
stetric complications without manifesting a tendency
to thrombosis, so some authors use the terms “obstet-
ric APL syndrome”and “thrombotic APL syndrome’, but
there are still no clear pathophysiological criteria for
this categorization [18].

THROMBOSIS IN THE MICROCIRCULATION

Small blood vessel thrombosis in various organs occurs
in approximately 12% of patients with APS and is less
common than arterial and venous thrombosis [19]. It is
most often proven with pathohistological examination
and is the dominant finding in patients with catastroph-
ic antiphospholipid syndrome. It can manifest in many
organs, but the skin and kidneys are most often affect-
ed. In the skin, microthrombosis can occur as livedoid
vasculopathy, superficial gangrene, subacute nodules,
or ecchymosis. In the heart and brain, microthrombosis
can result in microthrombi and microinfarcts, while, in
the lungs, it can result in alveolar hemorrhage or acute
respiratory distress syndrome. Microthrombosis in the
kidneys manifests as acute renal failure, hypertension,
or thrombotic microangiopathy. Infarctions of the in-
testine, liver, spleen, or pancreas can be manifesta-
tions of small blood vessel thrombosis in these organs.
Thrombus formation can also occur in the small vessels
of the retina with signs of retinal vasculopathy.

SKIN LESIONS IN PATIENTS WITH APL
ANTIBODIES

In patients with aPL antibodies, the skin is often affect-
ed. Livedo reticularis is the most common skin change
in patients with APS and is present in approximately
24% of patients with this disease. This is why its pres-
ence should always raise suspicion of APS. However,
due to low specificity, livedo reticularis is not included
in the clinical criteria of APS according to the new ACR/
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KARDIOLOSKE MANIFESTACLJE

Promene na sréanim zaliscima, u smislu zadeblja-
nja valvula, disfunkcije zaliska ili prisustva vegetacija
mogu se nadi kod priblizno 14% bolesnika sa APS-om
[15]. Kod bolesnika sa sistemskim eritemskim lupu-
som (SEL) i antifosfolipidnim antitelima, promene na
valvulama su c¢esée nego kod bolesnika bez SEL-a. U
najnovijoj ACR/EULAR klasifikaciji, promene na sréanim
zaliscima su uvrstene kao klinicki kriterijum u prepo-
znavanju APS-a.

HEMATOLOSKE MANIFESTACIJE

Trombocitopenija je najcesci hematoloski nalaz kod bo-
lesnika sa APS-om, koji zbog svoje nespecifi¢nosti nije
bio prepoznat kao kriterijum u revidiranoj Sapporo kla-
sifikaciji. Broj trombocita ispod 100 x 10°/L je prisutan
kod priblizno 30% bolesnika sa APS-om, pri ¢emu je veca
ucestalost trombocitopenije kod bolesnika sa sekundar-
nim APS-om nego kod onih sa primarnim APS-om. Trom-
bocitopenija je naj¢e$¢e umerenog stepena sa brojem
trombocita 50 - 100 x 10%/L. Interesantno je da se prisu-
stvo aPL antitela moze dokazati kod priblizno 40% bole-
snika sa primarnom imunoloskom trombocitopenijom,
bez drugih kriterijuma za APS [15]. Autoimuna hemoli-
zna anemija se moZze nadi kod oko 10% bolesnika sa APS-
om. Nalaz neimunoloske hemolizne anemije kod bole-
snika sa APS-om moze ukazivati na mehani¢ku hemolizu
u okviru katastrofi¢nog antifosfolipidnog sindroma.

BUBREZNE MANIFESTACIJE

Bubrezne manifestacije, u formi nefropatije koja prati
APS, uglavnom su posledica tromboti¢ne mikroan-
giopatije. Naj¢esce se ispoljavaju u vidu arterijske hi-
pertenzije, nefrotskog sindroma ili ¢e$¢e subnefrotske
proteinurije i bubrezne insuficijencije. Pri patohistolos-
kom pregledu se uocavaju hiperplazija i fibroza intime,
fokalna kortikalna atrofija i okluzije sitnih arterija [21].

MANIFESTACIJE CENTRALNOG NERVNOG
SISTEMA

Pored tranzitornog ishemi¢nog ataka, infarkta mozga
i tromboze venskih sudova mozga, koji ulaze u klasifi-
kacione kriterijume i po revidiranoj Sapporo i po ACR/
EULAE klasifikaciji, prisustvo antifosfolipidnih antitela
moze biti udruzeno sa epilepsijom, migrenom i hore-
om. U retke manifestacije spadaju i amaurosis fugax i
transverzni mijelitis [12].

KATASTROFICNI ANTIFOSFOLIPIDNI SINDROM

Akutna egzacerbacija protrombogenog stanja u krvi sa
pojavom mikrotoromboza u ve¢em broju organa kod
bolesnika sa aPL antitelima naziva se katastrofi¢ni APS.

EULAR classification [15]. In some patients, aPL anti-
bodies are associated with leg ulcers, gangrene of the
distal parts of the fingers, and pseudovasculitis. Inter-
estingly, the presence of aPL antibodies can be found in
approximately 50% of patients with the so-called Sned-
don syndrome, which implies the existence of livedo
racemosa-type skin changes and repeated TIA or brain
infarction. Livedo racemosa is morphologically similar
to livedo reticularis and is a purple, symmetrical, net
pattern on the skin of the trunk that does not disappear
when the skin is warmed up. In a significant percentage
of patients with the Sneddon syndrome, arterial hyper-
tension and valvular heart defects are also present [20].

CARDIOLOGICAL MANIFESTATIONS

Malformations of heart valves, in terms of valve thick-
ening, valve dysfunction, or the presence of vegetation
can be found in approximately 14% of patients with
APS [15]. In patients with systemic lupus erythematosus
(SEL) and antiphospholipid antibodies, valve pathology
is more common than in patients without SEL. In the lat-
est ACR/EULAR classification, heart valve malformations
are included as clinical criteria for recognizing APS.

HEMATOLOGICAL MANIFESTATIONS

Thrombocytopenia is the most common hemato-
logical finding in patients with APS, which, due to its
non-specificity, was not recognized as a criterion in the
revised Sapporo classification. A platelet count below
100 x 10%/L is present in approximately 30% of patients
with APS, with a higher frequency of thrombocytope-
nia in patients with secondary APS than in those with
primary APS. Thrombocytopenia is most often moder-
ate with a platelet count of 50 - 100 x 10%/L. Interest-
ingly, the presence of aPL antibodies can be demon-
strated in approximately 40% of patients with primary
immune thrombocytopenia, without other criteria
for APS [15]. Autoimmune hemolytic anemia can be
found in about 10% of patients with APS. The finding
of non-immunological hemolytic anemia in patients
with APS may indicate mechanical hemolysis as a part
of catastrophic antiphospholipid syndrome.

RENAL MANIFESTATIONS

Renal manifestations, in the form of nephropathy ac-
companying APS, are mainly the result of thrombotic
microangiopathy. They most often manifest as arterial
hypertension, nephrotic syndrome, or, more common-
ly, subnephrotic proteinuria and renal insufficiency.
Hyperplasia and fibrosis of the intima, focal cortical
atrophy, and occlusion of small arteries are observed
during pathohistological examination [21].
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Javlja se kod priblizno 1% bolesnika sa APS-om i najce-
$¢e ga pokrecu pojava infekcije, hirurske ili druge inva-
zivne procedure ili prekid u primeni antikoagulantne
terapije. Katastrofi¢ni APS karakterise brzo nastupajuca
insuficijencija veceg broja organa, pri ¢emu je najce-
$¢e kompromitovana funkcija pluca (24% bolesnika),
centralnog nervnog sistema (18% bolesnika) i bubre-
ga (18% bolesnika) [22]. Katastrofi¢ni APS predstavlja
zivotno ugrozavajuce stanje i, uprkos primeni terapije,
smrtnost kod ove bolesti je jo$ uvek oko 30%.

ZAKLJUCAK

Antifosfolipidna antitela su udruzena sa Sirokim spek-
trom klini¢kih manifestacija u gotovo svim medicinskim
oblastima. Razli¢ite forme tromboze i pojava komplika-
cija u trudnodi su najtipi¢nije manifestacije i predstav-
ljaju klini¢ke kriterijume za utvrdivanje postojanja anti-
fosfolipidnog sindroma kod osoba sa aPL antitelima. S
druge strane, povezanost aPL antitela i brojnih drugih
klinickih manifestacija koje ne predstavljaju zvani¢ne
kriterijume u klasifikaciji APS-a nije uvek jasna i konzi-
stentna. Medutim, prepoznavanje ovih manifestacija
ipak ima veliki znacaj jer skrece paznju na moguce pri-
sustvo aPL antitela i daje povod za temeljno ispitivanje
prisustva drugih laboratorijskih i klinickih kriterijuma
za postojanje antifosfolipidnog sindroma. lako je naj-
novija klasifikacija APS-a preporucena od strane ACR/
EULAR usvojila dodatne klini¢ke kriterijume koji nisu
postojali u prethodnoj klasifikaciji, treba imati u vidu
da su sve trenutno vazece preporuke za leCenje APS-a
donete na osnovu prethodnih, tzv. revidiranih Sapporo
kriterijuma. Zbog toga, klasifikacione ACR/EULAR krite-
rijume, koji su prevashodno namenjeni za selekciju bo-
lesnika u klinickim studijama, za sada ne treba koristiti
pri postavljanju dijagnoze antifosfolipidnog sindroma
kod pojedinacnih bolesnika u svakodnevnoj praksi.

SKRACENICE:

aPL antitela — antifosfolipidna antitela (engl. antiphospholipid antibodies)
APS — antifosfolipidni sindrom (engl. antiphospholipid syndrome)
ACR/EULAR — engl. American College of Rheumatology/European Alliance of
Associations for Rheumatology

SEL — sistemski eritemski lupus

LAC— engl. lupus anticoagulant

ELISA — enzimski imunosorbentni esej (enzyme-linked immunosorbent assay)
a(l antitela — antikardiolipinska antitela (aCL antitela; engl. anticardiolipin
antibodies)

[32GP1 - beta 2 glikoprotein |

HELLP sindrom — sindrom karakterisan hemolizom, porastom jetrenih
enzima i trombocitopenijom (Hemolysis, Elevated Liver enzyme levels, and
Low Platelet levels — HELLP syndrome)

TIA — tranzitorni ishemicni atak

Sukob interesa: Nije prijavljen.

CENTRAL NERVOUS SYSTEM MANIFESTATIONS

In addition to transient ischemic attack, cerebral in-
farction, and cerebral venous thrombosis, which are in-
cluded in the classification criteria of both the revised
Sapporo and ACR/EULAE classifications, the presence
of antiphospholipid antibodies may be associated with
epilepsy, migraine, and chorea. Rare manifestations in-
clude amaurosis fugax and transverse myelitis [12].

CATASTROPHIC ANTIPHOSPHOLIPID
SYNDROME

Acute exacerbation of the prothrombotic state in
the blood with the appearance of microthrombosis
in multiple organs in patients with aPL antibodies is
called catastrophic APS. It occurs in approximately 1%
of patients with APS and is most often triggered by
an infection, surgical or other invasive procedures, or
discontinuation of anticoagulant therapy. Catastroph-
ic APS is characterized by rapidly occurring failure of
multiple organs, with the lung function being the one
most commonly compromised (24% of patients), fol-
lowed by the central nervous system (18% of patients),
and the kidneys (18% of patients) [22]. Catastrophic
APS is a life-threatening condition and, despite the ad-
ministration of therapy, mortality in this disease is still
around 30%.

CONCLUSION

Antiphospholipid antibodies are associated with a
wide range of clinical manifestations in almost all med-
ical fields. Various forms of thrombosis and the devel-
opment of complications in pregnancy are the most
typical manifestations and represent clinical criteria
for determining the presence of antiphospholipid syn-
drome in persons with aPL antibodies. On the other
hand, the association of aPL antibodies with numerous
other clinical manifestations that do not represent of-
ficial criteria in the classification of APS is not always
clear and consistent. However, recognizing these man-
ifestations is still of great significance because it draws
attention to the possible presence of aPL antibodies
and indicates the need for a detailed analysis of the
presence of other laboratory and clinical criteria prov-
ing the existence of antiphospholipid syndrome. Al-
though the latest classification of APS recommended
by ACR/EULAR adopted additional clinical criteria that
did not exist in the previous classification, it should be
noted that all currently valid recommendations for the
treatment of APS were made based on the previous
criteria, i.e., the revised Sapporo criteria. Therefore, the
ACR/EULAR classification criteria, which are primarily
intended for the selection of patients in clinical stud-
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SAZETAK

Bolest taloZenja lakih lanaca predstavlja jedan od oblika bolesti talozenja mo-
noklonskih imunoglobulina. Po ucestalosti, rec je o retkom entitetu, koji se javlja
kod osoba srednjeg Zivotnog doba, ceSce muskog pola. NajceSce zahvata bubre-
ge, sa klinickom slikom nefritickog sindroma, ali moZe biti lokalizovana i u drugim
organima, kao Sto su jetra, pluda, srce, gastrointestinalni trakt, koza i drugi. U kli-
nickoj slici dominiraju simptomi i znaci zahvacenog organa. Dijagnoza se najcesce
postavlja biopsijom zahvacenog organa, pri cemu se bojenjem na Kongo crveno
razlikuje od amiloidoze lakih lanaca, a potom se vrsi evaluacija koStane srZi radi
iskljucivanja drugih plazmocitnih diskrazija. Terapija je bazirana na terapijskim
modalitetima za lecenje multiplog mijeloma, ukljucujuci inhibitore proteazoma
(bortezomib), uz autologu transplantaciju maticnih celija hematopoeze, ali i
transplantaciju zahvacenih organa ukoliko je doslo do potpunog gubitka funkcije.
Podaci o terapiji monoklonskim antitelima (daratumumab) otvaraju nove terapij-
ske mogucnosti u lecenju ove bolesti. Dijagnostika i lecenje ove bolesti zahtevaju
multidisciplinarni pristup, prvenstveno nefrologa,hematologa i patologa.
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ABSTRACT

Light chain deposition disease is one form of monoclonal immunoglobulin depo-
sition disease. In terms of frequency, it is a rare entity that occurs in middle-aged
people, more often males. It most often affects the kidneys, with a clinical pic-
ture of nephritic syndrome, but it can also be localized in other organs, such as
the liver, lungs, heart, gastrointestinal tract, skin, and others. The symptoms and
signs of the affected organ dominate the clinical picture. The diagnosis is most
often established by biopsy of the affected organ, whereby Congo red staining
differentiates it from light chain amyloidosis, and then bone marrow evalua-
tion is performed to rule out other plasmacytic dyscrasias. Therapy is based on
therapeutic modalities for treating multiple myeloma, including proteasome in-
hibitors (bortezomib), autologous hematopoietic stem cell transplantation, and
transplantation of the affected organs if there has been a complete loss of func-
tion. Data on monoclonal antibody therapy (daratumumab) opens up new ther-
apeutic possibilities for the treatment of this disease. Diagnosis and treatment
of this disease require a multidisciplinary approach, primarily by nephrologists,
hematologists, and pathologists.
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BOLEST TALOZENJA LAKIH LANACA

uvoD

Bolest taloZenja lakih lanaca prema 5. reviziji klasifika-
cije bolesti hematopoetskih i limfoidnih tkiva Svetske
zdravstvene organizacije pripada, kao najc¢esdi entitet,
grupi bolesti taloZzenja monoklonskih imunoglobulina,
gde osim nje spadaju i bolesti taloZenja teskih lanaca,
kao i bolesti taloZenja lakih i teskih lanaca [1]. Karakte-
ride je depozicija lakih lanaca imunoglobulina u razli-
¢itim organima. Istalozeni laki lanci nemaju karakteri-
stike amiloidne supstance, Sto ovu bolest razlikuje od
amiloidoze lakih lanaca [2].

Bolest je prvi put dokazana 1976. godine na biopsi-
jama bubrega dva pacijenta u Sjedinjenim Ameri¢kim
Drzavama. Oba pacijenta su imala bubreznu slabost, a
veoma brzo su se razvile i druge manifestacije, najpre
slabost jetre i neuroloska simptomatologija, a zatim i
sr¢ano popustanje, gastrointestinalne i endokrine ma-
nifestacije [3].

S obzirom na doskora limitirane moguénosti za
preciznu detekciju lakih lanaca ucestalost ove bolesti
je nepoznata. Ces¢e se javlja kod muskaraca, a medi-
jana starosti pri dijagnozi je 58 godina, dok je ¢ak 36%
pacijenata mlade od 50 godina [4].

ETIOLOGIJA | PATOGENEZA

Etiologija ove bolesti je nepoznata.

U osnovi bolesti, mali patoloski klon plazmocita
niskog proliferativnhog potencijala kao patoloski pro-
tein proizvodi lake lance, dominantno kappa tipa [5].
Slobodni monoklonski laki lanci taloze se u razli¢itim
organima kao neorganizovani, amorfni agregati, bez
stvaranja depozita u vidu fibrilnih niti, $to je i glavna
razlika na mikroskopskom nivou izmedu amiloidoze
lakih lanaca i bolesti talozenja lakih lanaca [6]. Bolest
talozenja lakih lanaca naj¢eS¢e se manifestuje na bu-
brezima (kod oko 85% pacijenata), rede u jetri, srcu,
pluc¢ima, a vrlo retko u drugim organima [4].

Patofizioloski mehanizam oStecenja funkcije
najbolje je izu¢en kod bubreznih manifestacija, gde
amorfni agregati lakih lanaca zapocinju kaskadu do-
gadaja koji vode ka mezangijalnoj ekspanziji i uveca-
nju ekstracelularnog matriksa neuobicajenog sasta-
va (bogatog tenascinom), formiraju¢i mezangijalne
¢vorice koji zamenjuju normalni matriks bogat kola-
genom IV [5,6]. Kao reda, ali ponekad i prva manife-
stacija bolesti deponovanja lakih lanaca, u literaturi
se pominje i tubulointersticijumska bolest bubrega.
Najc¢eSc¢e se depoziti lakih lanaca vidaju duz tubu-
larne bazalne membrane, uz linearne glomerularne i
vaskularne depozite [7]. Retko, agregati lakih lanaca i
Tamm Horsfalovog proteina mogu dovesti do zapu-
$enja distalnih tubula i akutne bubrezne insuficijen-
cije [8,9]. lako promene na bubreznim strukturama

LIGHT CHAIN DEPOSITION DISEASE

INTRODUCTION

Light chain deposition disease, according to the 5th
revision of the classification of hematopoietic and lym-
phoid tissue diseases of the World Health Organiza-
tion, belongs, as the most common entity, to the group
of monoclonal immunoglobulin deposition diseases,
which also includes heavy chain deposition diseases, as
well as light and heavy chain deposition diseases [1]. The
deposition of immunoglobulin light chains in various
organs characterizes it. Precipitated light chains do not
have the characteristics of an amyloid substance, distin-
guishing this disease from light chain amyloidosis [2].

The disease was first proven in 1976 in the kidney
biopsies of two patients in the United States of Amer-
ica. Both patients had kidney failure, and other mani-
festations developed very quickly, first liver weakness
and neurological symptoms, and then heart failure and
gastrointestinal and endocrine manifestations [3].

Given the recently limited possibilities for precise
detection of light chains, the frequency of this disease
is unknown. It occurs more often in men, and the me-
dian age at diagnosis is 58, while as many as 36% of
patients are younger than 50 [4].

ETIOLOGY AND PATHOGENESIS

The etiology of this disease is unknown.

At the basis of the disease, a small pathological
clone of plasma cells with a low proliferative poten-
tial produces light chains, predominantly of the kap-
pa type, as a pathological protein [5]. Free monoclonal
light chains are deposited in various organs as disor-
ganized, amorphous aggregates without forming de-
posits in the form of fibrillar strands, which is the main
difference at the microscopic level between light chain
amyloidosis and light chain deposition disease [6]. The
disease of deposition of light chains is most often man-
ifested in the kidneys (in about 85% of patients), less
often in the liver, heart, and lungs, and very rarely in
other organs [4].

The pathophysiological mechanism of impaired
function is best studied in renal manifestations, where
amorphous aggregates of light chains initiate a cas-
cade of events leading to mesangial expansion and
enlargement of an extracellular matrix of unusual
composition (rich in tenascin), forming mesangial nod-
ules that replace the standard matrix rich in collagen
IV [5,6]. Tubulointerstitial kidney disease is also men-
tioned in the literature as a rarer but sometimes the
first manifestation of light chain deposition disease.
Most often, deposits of light chains are seen along the
tubular basement membrane, along with linear glo-
merular and vascular deposits [7]. Rarely, aggregates
of light chains and Tamm Horsfall protein can lead to
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mogu biti detektovane i svetlosnom mikroskopijom,
zlatni standard dijagnoze predstavlja elektronska mi-
kroskopija [10]. Na preparatima pod elektronskim mi-
kroskopom mogu se videti sitni granulirani gusti de-
poziti u svim delovima bubrega. U zidu glomerulskih
kapilara depoziti formiraju tanku traku prema lamini
rara interna, a veci depoziti se gomilaju u subendote-
lijalnom regionu. Depoziti se mogu videti i spolja od
tubularne bazalne membrane [10].

Sto se ti¢e patofizioloskog mehanizma ostecenja
drugih organa u bolesti deponovanja lakih lanaca,
najcesce su opisivane promene na biopsijama jetre i
srca, koje pokazuju talozenja amorfnih agregata u va-
skularnim strukturama [11]. Na preparatima biopsije
jetre videni su masivni homogeni eozinofilni infiltrati,
koji su uglavnom locirani perisinusoidalno. Infiltra-
ti se boje pozitivno na PAS bojenje, ali negativno na
Kongo crvenu boju [12]. Biopsije srca uglavhom ne
pokazuju promene na svetlosnoj mikroskopiji, dok se
na eletronskoj mikroskopiji vide karakteristi¢ni linear-
ni depoziti u intresticijalnom prostoru, u vidu tamnih
granuliranih gustih depozita, koji su imunofluores-
centnim bojenjem dokazani kao monoklonski laki
lanci [11].

Prisustvo monoklonskih lakih lanaca u serumu,
iako moze biti idiopatsko, ¢es¢e je udruzeno sa nekih
drugim oboljenjima limfocita i plazmocita, najces¢e
multiplim mijelomom, limfoplazmocitnim limfomom
ili drugim redim plazmocitnim diskrazijama. Prema
literaturnim podacima ova bolest se nalazi udruzena
sa multiplim mijelomom u oko 65% sluéajeva, ma-
kroglobulinemijom (oko 2%), i drugim limfoprolifera-
tivnim oboljenjima (2-3%) [13]. Takode u sklopu mo-
noklonske gamapatije nepoznatog znacaja (MGUS),
bolest deponovanja lakih lanaca se moze manifesto-
vati u organima u ¢ak 32-85% slucajeva. Ucestalost
idiopatskog oblika bolesti deponovanja lakih lanaca
nije utvrdena [14].

KLINICKA SLIKA | LABORATORIJSKI NALAZI

Klinickom slikom bolesti deponovanja lakih lanaca
dominiraju simptomi i znaci zahvacenog organa. Pre-
ma literaturnim podacima, najée$¢e zahvacen organ
je bubreg, kod oko 85% pacijenata [14]. Kod oko 35%
pacijenata, zahvatanje bubrega nije jedina lokalizacija,
te se uz bubrezne poremecaje javljaju i simptomi i zna-
ci zahvatanja drugih organa. I1zolovane ekstrarenalne
manifestacije uz o¢uvanu bubreznu funkciju retko su
prisutne [4]. Zahvatanje drugih ograna naj¢esce podra-
zumeva zahvacdenost jetre (oko 23% slucajeva), zahva-
¢enost srca, pluca, perifrenog i centralnog nervnog si-
stema, koze, gastrointestinalnog trakta, slezine, stitaste
Zlezde i drugih [12,15-20].
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distal tubule obstruction and acute renal failure [8,9].
Although changes in renal structures can be detected
by light microscopy, the gold standard of diagnosis is
electron microscopy [10]. On preparations under the
electron microscope, small, granular, dense deposits
can be seen in all kidney parts. In the wall of the glo-
merular capillaries, deposits form a thin strip towards
the lamina rara interna, and larger deposits accumu-
late in the subendothelial region. Deposits can also be
seen outside the tubular basement membrane [10].

As for the pathophysiological mechanism of dam-
age to other organs in light chain deposition disease,
the most frequently described changes in liver and heart
biopsies show the deposition of amorphous aggregates
in vascular structures [11]. Liver biopsy samples showed
massive homogeneous eosinophilic infiltrates, mainly
located perisinusoidally. Infiltrates stain is positive for
PAS staining but negative for Congo red [12]. Heart bi-
opsies generally show no changes on light microscopy,
while electron microscopy shows characteristic linear
deposits in the interstitial space in the form of dark
granular dense deposits, proven by immunofluores-
cence staining to be monoclonal light chains [11].

Although it can be idiopathic, the presence of
monoclonal light chains in the serum is more often as-
sociated with some other diseases of lymphocytes and
plasma cells, most often multiple myeloma, lymphop-
lasmacytic lymphoma, or other rarer plasmacytic dy-
scrasias. According to literature data, this disease is as-
sociated with multiple myeloma in about 65% of cases,
macroglobulinemia (about 2%), and other lymphop-
roliferative diseases (2-3%) [13]. Also, as part of mono-
clonal gammopathy of unknown significance (MGUS),
light chain deposition disease can manifest in organs
in as many as 32-85% of cases. The frequency of the
idiopathic form of light chain deposition disease has
not been determined [14].

CLINICAL PICTURE AND LABORATORY FINDINGS

The symptoms and signs of the affected organ domi-
nate the clinical picture of light chain deposition dis-
ease. According to literature data, the most frequently
affected organ is the kidney in about 85% of patients
[14]. In about 35% of patients, involvement of the kid-
neys is not the only localization, and symptoms and
signs of involvement of other organs appear along
with kidney disorders. Isolated extrarenal manifesta-
tions with preserved renal function are rarely present
[4]. Involvement of other branches most often involves
involvement of the liver (about 23% of cases), involve-
ment of the heart, lungs, peripheral and central ner-
vous system, skin, gastrointestinal tract, spleen, thy-
roid gland, and others [12,15-20].
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Tabela 1. Najcesce zahvaceni organi u bolesti deponovanja lakih lanaca sa prikazom simptoma, znakova bolesti i nalaza dodatnih dijagnostickih procedura

PoviSen krvni pritisak, testasti otoci, umor,

PoviSene vrednosti uree, kreatinina, proteinurija (nefritickog ili nefrotskog ranga), nalaz cilindara

L malaksalost u urinu, pozitivni Bence-Jones protein / Biopsija bubrega

Sree Uvecanje srca, restriktivna kardiomiopacije, ~ Poviene vrednosti Mozdanog natriuretskog peptida (proBNP), kao i troponina I, izmene elektork-
srcana insuficijencija ardiograma (srcana hipertrofija) i ehokardiograma / Biopsija srca

Pluca Restriktivni plucni poremecaj, dispnea, Restriktivan nalaz spirometrije, na multislajs kompjuterizovanoj tomografiji (MSCT) specifican
hemoptizije, bol u grudima nalaz intersticijumskih promena u vidu ¢vorica, cista

Jetra Hepatomeglija, insuficijencija jetre, portalna  Poviene vrednosti AST, ALT, GGT, ALP, bilirubin, LDH, Ultrazvuk stomaka
hipertenzija / Biopsija jetre

Slezina Splenomegalija, bol pod levim rebarnim Ultrazvuk stomaka

lukom

Nervni sistem

Periferna polineuropatija, senzorna neu-
ropatija, disfunkcija autonomnog nervnog
sistema

Elektromioneurografija
/ Opciono biopsija nerva

Koza

Bulozne kozne promene, sitnozrnasti osip

Biopsija koze

Stitaste Zlezda

Uvecanje Stitaste Zlezde

Visoke vrednosti tireostimuliSuceg hormona (TSH), nize vrednosti tireoidnih hormona (T4, T3)
/ Ultrazvuk Stitaste Zlezde

Table 1. The most frequently affected organs in light chain deposition disease with a presentation of symptoms, signs of the disease, and findings of additional
diagnostic procedures

Kidne High blood pressure, swelling, fatigue, Increased values of urea, creatinine, proteinuria (nephritic or nephrotic grade), finding
y weakness of cylinders in urine, positive Bence-Jones protein / Kidney biopsy
Heart Enlargement of the heart, restrictive Elevated values of Brain natriuretic peptide (proBNP), as well as troponin |, electrocar-
cardiomyopathy, heart failure diogram (cardiac hypertrophy) and echocardiogram changes / Heart biopsy
Lunas Restrictive pulmonary disorder, dyspnea, Restrictive finding of spirometry, on multislice computed tomography (MSCT) specific
9 hemoptysis, chest pain finding of interstitial changes in the form of nodules, cysts
. . . . Elevated values of AST, ALT, GGT, ALP, bilirubin, LDH, Abdominal ultrasound
Liver Hepatomegaly, liver failure, portal hypertension """
/ Liver biopsy
Spleen Splenomegaly, pain under the left rib cage Abdominal ultrasound
Nervous system Perlphera.l polyneuropathy, sensory peuropathy, Electromyoneurog.raphy
autonomic nervous system dysfunction / Optional nerve biopsy
Skin Bullous skin changes, fine-grained rash Skin biopsy
. . High values of thyroid-stimulating hormone (TSH), low values of thyroid hormones
Thyroid gland Enlargement of the thyroid gland (T4,T3), / Ultrasound of the thyroid gland
DIJAGNOSTIKA DIAGNOSTICS

Postavljanje dijagnoze bolesti taloZenja lakih lanaca
sastoji se iz nekoliko koraka. Ukoliko se na osnovu kli-
nicke slike i manifestacija bolesti postavi sumnja na
bolest lakih lanaca, prvi korak je svakako biopsija za-
hvacenog organa, najc¢esce bubrega, ali i jetre, srca,
pluca, kozZe, nerava [21]. Na patohistoloskom prepa-
ratu vide se amorfni linearni depoziti lakih lanaca, a

Diagnosing light chain deposition disease consists of
several steps. If light chain disease is suspected based
on the clinical picture and manifestations of the dis-
ease, the first step is a biopsy of the affected organ,
most often the kidneys, but also the liver, heart, lungs,
skin, and nerves [21]. Amorphous linear deposits of
light chains can be seen on the pathohistological
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negativnim bojenjem na Kongo crveno iskljucuje se
amiloidoza lakih lanaca [7]. Potvrda da je zaista rec
o monoklonskim lakim lancima sprovodi se odredi-
vanjem koncentracije lakih lanaca u serumu i urinu,
zajedno sa elektroforezom i imunoelektroforezom
proteina seruma i urina. Na ovim ispitivanjima potvr-
duje se da su laki lanci monoklonalni, ali se ispituje i
da li je re¢ samo o lakim lancima ili se oni kao para-
protein sintetiSu uz teSke lance [22]. Poslednji korak
u dijagnostici predstavlja i ispitivanje koStane srzi pa-
tohistoloSkom analizom, gde se detektuje broj plaz-
mocita, ali i njihove karakteristike na imunohistohe-
mijskom bojenju i fluorescentnoj in situ hibridizaciji
(FISH) [4,21,23]. Alternativno, proto¢nom citometri-
jom u aspiratu kosStane srzi mogu se ispitati imunofe-
notipske karakteristike plazmocita [2,4,21].

TOK, PROGNOZA | LECENJE

Bolest talozenja lakih lanaca pokazuje prirodno pro-
gresivni tok sa krajnjim gubitkom funkcije zahva¢enog
organa [24]. Kod skoro 70% pacijenta obolelih od bole-
sti taloZenja lakih lanaca postoji udruzenost sa plazmo-
citnom diskrazijom (najces¢e multiplim mijelomom) ili
nekim drugim limfoproliferativnim oboljenjem [13].
Prognozni parametri koji utiCu na dalji tok bolesti su
starost pacijenta, prisutnost drugih plazmocitnih dis-
krazija ili limfoproliferativne bolesti, kao i prisustvo
ekstrarenalnog oboljenja, Sto predstavlja znacajan
negativan prognozni parametar [24]. Ukoliko razma-
tramo bubrezne prognozne parametre, najveci znacaj
ima brzina razvoja bubrezne insuficijencije, dok se kod
zahvatanja srca prate biohemijski parametri kao Sto su
proBNP i troponin | [25].

Lecenje ovog entiteta, ukoliko je udruzen sa mul-
tiplim mijelomom ili drugim plazmocitnim limfopro-
liferativnim bolestima, le¢imo prema protokolima za
lecenje tih bolesti. Kada je re¢ o idiopatskom obliku,
ne postoje zvani¢ni konsenzusi o terapiji [26]. U lite-
raturi se uglavnom pominju male grupe le¢enih paci-
jenata, a kontrolisane studije, zbog retkosti entiteta,
nisu sprovodene. Prema dostupnim literaturnim po-
dacima, pacijenti su uglavnom leceni protokolima ba-
ziranim na terapijama za leCenje multiplog mijeloma,
uz potporu visokodoznom hemioterapijom i autolo-
gom transplantacijom mati¢nih celija. Procena efekta
le¢enja zasniva se na postizanju hematoloskog od-
govora (procena monoklonskih plazmocita u kostnoj
srzi), merenju koncentracije slobodnih lakih lanaca u
serumu, kao i pracenju funkcije zahvacenog organa
[14,26].

LeCenje pacijenata je inicijalno bazirano na pri-
meni kortikosteroidne terapije, koja je kod prvih
dokazanih slucajeva primenjivana najpre kao mono-
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preparation, and light chain amyloidosis is ruled out by
negative Congo red staining [7]. Confirmation that it is
indeed monoclonal light chains is carried out by deter-
mining the concentration of light chains in serum and
urine, together with serum and urine protein electro-
phoresis and immunoelectrophoresis. These tests con-
firm that the light chains are monoclonal, but whether
itis only about the light chains or whether they are syn-
thesized as a paraprotein along with the heavy chains
[22] is also examined. The last step in the diagnosis is
the examination of the bone marrow by pathohisto-
logical analysis, where the number of plasma cells is
detected, as well as their characteristics on immunohis-
tochemical staining and fluorescent in situ hybridiza-
tion (FISH) [4,21,23]. Alternatively, immunophenotypic
characteristics of plasma cells can be examined by flow
cytometry in bone marrow aspirate [2,4,21].

COURSE, PROGNOSIS, AND TREATMENT

Light chain deposition disease shows a naturally pro-
gressive course with eventual loss of function of the
affected organ [24]. In almost 70% of patients suffering
from light chain deposition disease, there is an associ-
ation with plasmacytic dyscrasia (most often multiple
myeloma) or some other lymphoproliferative disease
[13]. Prognostic parameters that affect the further
course of the disease are the age of the patient, the
presence of other plasmacytic dyscrasias or lymphop-
roliferative diseases, as well as the presence of extra-
renal disease, which represents a significant negative
prognostic parameter [24]. If we consider renal prog-
nostic parameters, the speed of development of renal
insufficiency has the most significantimportance, while
in the case of cardiac involvement, biochemical param-
eters such as proBNP and troponin | are monitored [25].

The treatment of this entity, if it is associated with
multiple myeloma or other plasmacytic lymphop-
roliferative diseases, is treated according to the pro-
tocols for treating these diseases. When it comes to
the idiopathic form, there are no official consensuses
on therapy [26]. Small groups of treated patients are
primarily mentioned in the literature, and controlled
studies have not been conducted due to the entity’s
rarity. According to available literature data, patients
were mostly treated with protocols based on therapies
for the treatment of multiple myeloma, supported by
high-dose chemotherapy and autologous stem cell
transplantation. The assessment of the effect of treat-
ment is based on achieving a hematological response
(estimation of monoclonal plasma cells in the bone
marrow), measuring the concentration of free light
chains in the serum, as well as monitoring the function
of the affected organ [14,26].
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terapija, sa postizanjem efekta stabilizacije funkcije
zahvaéenog organa i postizanjem parcijalnog hema-
toloSkog terapijskog odgovora [23]. Osim kortikoste-
roidne terapije, kao monoterapija, primenjivani su i
kombinovani hemioterapijski rezimi sa vinkristinom,
adriablastinom (VAD) ili vinkristinom, melfalanom i
ciklofosfamidom (VMCP) [5,23]. Nakon toga najpre
je uz kortikosteroidnu terapiju primenjivana i terapi-
ja talidomidom sa ili bez ciklofosfamida, kod manjeg
broja pacijenata. Podaci o efikasnosti ove terapije
uglavnom su bazirani na pojedina¢nim prikazima slu-
Cajeva, gde detektujemo kako refrakternost na tera-
piju, tako i postizanje kompletne dugotrajne remisije
[27,28].

Najveci broj pacijenata, prema literaturi je do sada
le¢en protokolima baziranim na bortozomibu, i to
bortezomib+ciklofosfamid+deksametazon (VCD) ili
bortezomib+deksametazon (VD), sa postizanjem do-
brog hematoloskog odgovora. Kompletan odgovor
(CR) postignut je kod oko 55,6%, a veoma dobar par-
cijalni odgovor (VGPR) i parcijalni odgovor (PR) kod
ostalih tretiranih pacijenata [26]. Primena autologne
transplantacije u leCenju ovih pacijenata nakon inici-
jalnog le¢enja dovodi do dugotrajnije i stabilnije re-
misije, s povecanjem kompletnog odgovora na 61,5%
pacijenata [20].

Lecenje bolesti deponovanja lakih lanaca sprovo-
deno je i kod pojedinacnih slu¢ajeva uz primenu tera-
pijskih modaliteta sa lenalidomidom. Literaturni poda-
ci govore o ve¢em broju razlicitih terapijskih rezima, te
je lenalidomid kori$¢en u kombinaciji sa prednizonom,
sa deksametazonom, melfalanom i prednizonom, kao i
dekstametazonom i ciklofosfamidom. Postignuti efekti
su zabeleZeni kao PR ili VGPR, uz odrzavanje odgovora
od 1-4 godine [29].

Poslednjih godina pojavljuju se podaci o pacijen-
tima leCenim daratumumabom kao monoterapijom
u inicijalnom le¢enju, kod kojih se postize i odrzava
dugotrajna hematoloska remisija [30]. Daratumu-
mab je posmatran i u formi konsolidacije nakon le-
Cenja protokolima baziranim na bortezomibu, gde je
kod svih pacijenata zabelezeno poboljsanje hemato-
loskog odgovora (iz PR u VGPR, odnosno iz VGPR u
CR) [31].

Kao potporna terapija kod ovih pacijenata pominje
se i transplantacija zahvacenog organa kod terminalne
insuficijencije, ali je za sprovodenje ove procedure ne-
ophodno prethodno postizanje hematoloskog odgo-
vora i smanjenje koncentracije lakih lanaca u serumu,
jer u suprotnom dolazi do ponovnog ostecéenja funkci-
je transplantiranog organa [32].

LIGHT CHAIN DEPOSITION DISEASE

The treatment of patients was initially based on the
application of corticosteroid therapy, which in the first
proven cases was applied as monotherapy, stabilizing
the affected organ’s function and achieving a partial
hematological therapeutic response [23]. In addition
to corticosteroid therapy, combined chemotherapy
regimens with vincristine, adriablastin (VAD), or vin-
cristine, melphalan, and cyclophosphamide (VMCP)
were used as monotherapy [5,23]. After that, therapy
with thalidomide with or without cyclophosphamide
was first applied in addition to corticosteroid therapy
in a smaller number of patients. Data on the effec-
tiveness of this therapy are mainly based on individ-
ual case reports, where we detect both refractoriness
to treatment and the achievement of complete long-
term remission [27,28].

The largest number of patients, according to the
literature, have so far been treated with bortezo-
mib-based protocols, namely bortezomib+cyclophos-
phamide+dexamethasone (VCD) or bortezomib+-
dexamethasone (VD), achieving a good hematological
response. Complete response (CR) was achieved in
about 55.6%, and very good partial response (VGPR)
and partial response (PR) in other treated patients
[26]. The use of autologous transplantation in treat-
ing these patients after the initial treatment leads to a
longer and more stable remission, with an increase in
complete response to 61.5% of patients [20].

Treatment of light chain deposition disease was
also carried out in individual cases using therapeutic
modalities with lenalidomide. Literature data speak
of many different therapeutic regimens, and lenalido-
mide was combined with prednisone, dexamethasone,
melphalan, and prednisone, as well as dexamethasone
and cyclophosphamide. The achieved effects were re-
corded as PR or VGPR, with response maintenance of
1-4 years [29].

In recent years, data have appeared on patients
treated with daratumumab as monotherapy in the ini-
tial treatment, in whom long-term hematological re-
mission is achieved and maintained [30]. Daratumum-
ab was also observed in consolidation after treatment
with protocols based on bortezomib, where the hema-
tological response was improved in all patients (from
PR to VGPR or from VGPR to CR) [31].

Transplantation of the affected organ in case of ter-
minal insufficiency is also mentioned as a supportive
therapy in these patients, but in order to carry out this
procedure, it is necessary to achieve a hematological
response and reduce the concentration of light chains
in the serum, because otherwise the function of the
transplanted organ will be damaged again [32].
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ZAKLJUCAK

Bolest deponovanja lakih lanaca predstavlja redak en-
titet i dijagnosticki izazov kod vecine obolelih pacije-
nata. Za sprovodenje adekvatne dijagnostike, pracenja
i terapije pacijenata potreban je multidisciplinarni pri-
stup koji obuhvata nefrologa, hematologa, patologa,
kao i subspecijalista drugih grana kod ekstrarenalnih
manifestacija.

Sukob interesa: Nije prijavljen.
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SAZETAK

Uvod: Feroptoza, koju su prvi put spomenuli Dikson i saradnici, 2012. godine,
jeste put Celijske smrti zavisan od gvozda, uz neophodno prisustvo lipidnih
peroksida. Mehanizam procesa i signalni putevi koji u njemu ucestvuju se
razlikuju u odnosu na ranije poznatu apoptozu, nekrozu i autofagiju. Dolazi i do
zapaljenske reakcije, to ovaj put celijske smrti dodatno razlikuje od apoptotskog
puta. Ferostatin dovodi do inhibicije ovog procesa.

Metode: Uraden je pregled literature dobijene pretrazivanjem Medline baze
podataka sa posebnim osvrtom na radove koji su se bavili znacajem feroptoze u
klinickoj medicini, prvenstveno hematologiji.

Rezultati: Metabolizam gvozda u malignoj i zdravoj ¢eliji se razlikuje. Maligne
Celije dobro toleriSu oksidativni stres i izbegavaju feroptozu. Po literaturnim
podacima, razliciti ispitivani agensi stimulidu feroptozu i time postaju moguci
terapijski agensi. Neki geni povezani sa metabolizmom gvozda pokazali su
prognosticki znacaj kod obolelih od difuznog B krupnocelijskog limfoma.

Zakljucak: Otkrivanje novih mehanizama celijske smrtii signalnih puteva koji su
u taj proces ukljuceni dovodi do potencijalno nove ciljne terapije. lako obecavaju,
ovi rezultati zahtevaju validaciju kroz dalja istraZivanja.
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ABSTRACT

Introduction: Ferroptosis, mentioned as such for the first time in 2012 by Dixon
etal., is an iron-dependent type of cell death that occurs in the presence of lipid
peroxides. The mechanism of the process and the signaling pathways involved
in it differ from the previously known apoptosis, necrosis, and autophagy. An
inflammatory reaction also occurs, which further distinguishes this type of cell
death from apoptosis. Ferrostatin inhibits this process.

Methods: A review of the literature obtained by searching the Medline database
was performed, with a special focus on studies concerned with the importance of
ferroptosis in clinical medicine, primarily hematology.

Results: Iron metabolism in malignant and healthy cells differs. Malignant cells
tolerate oxidative stress well and avoid ferroptosis. According to literature data,
various tested agents stimulate ferroptosis and thus become possible therapeutic
agents. Some geneslinked to iron metabolism have shown prognosticsignificance
in patients with diffuse large B-cell lymphoma.

Conclusion: The discovery of new mechanisms of cell death and the signaling
pathways involved in this process leads to potentially new target therapy.
Although promising, these results require validation through further research.
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uvoD

Feroptoza, prvi put pomenuta u radu Diksona i sarad-
nika, 2012. godine, jeste neapoptotski, nenekrozni i
neautofagni put celijske smrti [1]. Dolma i saradnici su,
2003. godine, otkrili da erastin moze da izazove nov
nacin Celijske smrti, a potom su Jagoda i Jang objavili
da helatori gvozda inhibiraju ovaj proces u ¢ijoj osnovi
se nalazi disfunkcija mitohondrija [2-4].

Kao $to i naziv sugerise, feroptoza zavisi od gvozda,
desava se u prisustvu lipidnih peroksida, a ferostatin je
inhibira. Za razliku od apoptoze, u ovom procesu dolazi
do privlacenja inflamatornih ¢elija i reakcije zapaljenja.
U procesu apoptoze, ¢elijska membrana bubri i dolazi
do kondenzacije hromozoma. U feroptozi se mitohon-
drije smanjuju, njihove membrane su hiperdenznije a
mitohondrijalne kriste su manje ili ih nema [1,5-9]. Bio-
hemijski posmatrano, koncentracija glutationa u ¢eliji
je manja. Glutation peroksidaza 4 (engl. glutathione
peroxidase — GPX4) je enzim koji dovodi do redukcije
lipidnih peroksida, a ¢ija aktivnost je u ovom procesu
takode smanjena. Jon Fe?* oksidise lipide, koncen-
tracija reaktivnih kiseoni¢nih radikala (engl. reactive
oxygen species — ROS) raste i pokrece se feroptoza [5].
U ovom putu su vazni i transmembranski kanali u celi-
jskim membranama kroz koje se vrsi razmena cistina
i glutamata. Cistin ulazi u celiju i u njoj se redukuje u
cistein, neophodan u sintezi glutationa [1,5]. Ovo je i
mesto na kojem deluju induktori feroptoze. Helatori
gvozda inhibiraju ovaj proces, ali i ferostatin 1 (Fer-1),
vitamin E i liprokstatin 1.

Feroptoza zavisi od gvozda, te je ocekivano da fak-
tori koji u¢estvuju u metabolizmu gvozda ili u regulaciji
njegovog metabolizma imaju ili ve¢ dokazanu ili mo-
gucu ulogu u regulaciji ovog puta ¢elijske smrti, ¢ineci
celiju manije ili vise osetljivom na feroptozu [6,10,11].

Metabolizam gvozda u zdravoj i malignoj ¢eliji

Kada govorimo o regulaciji metabolizma gvozda rec
je o kontroli na celijskom nivou i sistemskoj regulaciji
metabolizma gvozda. Homeostaza gvozda u celiji se
regulide uglavnom posttranskripcionom kontrolom
gena putem interakcije elemenata i belancevina sen-
zitivnih na koncentraciju gvozda (engl. iron-responsive
elements - IRE; iron-responsive proteins — IRP) [12].

Sistemska homeostaza je kontrolisana hepcidi-
nom, jetrenom belancevinom ¢cija se koncentracija,
izmedu ostalog, povecava u inflamaciji, pod dejstvom
interleukina-6 i dovodi do internalizacije i degradacije
feroportina. Feroportin je, po podacima iz dostupne
literature u ovom momentu, jedini eksporter gvozda iz
celija [12].

Hranom uneseno gvozde izlazi iz enterocita putem
feroportina, u trovalentnom obliku, i vezan za transfer-

FERROPTOSIS AND ITS CLINICAL SIGNIFICANCE

INTRODUCTION

Ferroptosis, first mentioned in a study by Dixon et al.
in 2012, is a non-apoptotic, non-necrotic, and non-au-
tophagic form of cell death [1]. In 2003, Dolma et al.
discovered that erastin can cause a new type of cell de-
ath, upon which Yagoda and Yang reported that iron
chelators inhibited this process, which is based on mi-
tochondrial dysfunction [2-4].

As the name suggests, ferroptosis is iron-depen-
dent, it occurs in the presence of lipid peroxides, and is
inhibited by ferrostatin. Unlike apoptosis, this process
involves the involvement of inflammatory cells and an
inflammatory reaction. In the process of apoptosis, the
cell membrane swells and chromosomes condense.
In ferroptosis, mitochondria are reduced, their mem-
branes are hyperdense, and mitochondrial cristae are
smaller or absent [1,5-9]. In terms of biochemistry, the
concentration of glutathione in the cell is lower. Gluta-
thione peroxidase 4 (GPX4) is an enzyme that causes
the reduction of lipid peroxides, and whose activity is
also reduced in this process. The Fe?+ ion oxidizes lip-
ids, the concentration of reactive oxygen species (ROS)
increases, and ferroptosis is triggered [5]. Transmem-
brane channels in cell membranes through which cys-
tine and glutamate are exchanged are also important
in this process. Cystine enters the cell and is reduced
to cysteine, which is necessary for the synthesis of glu-
tathione [1,5]. This is also the site where ferroptosis in-
ducers act. Iron chelators inhibit this process, but so do
ferrostatin 1 (Fer-1), vitamin E, and liproxstatin 1.

Ferroptosis depends on iron, which is why it can be
expected that factors involved in iron metabolism or
in the regulation of its metabolism have either already
proven or potential roles in the regulation of this type
of cell death, making the cell more or less sensitive to
ferroptosis [6,10,11].

Iron metabolism in healthy and malignant cells

When the regulation of iron metabolism is concerned,
we speak of control at the cellular level and of syste-
mic iron metabolism regulation. Iron homeostasis in
the cell is regulated mainly by post-transcriptional
control of genes via the interaction of iron-responsive
elements (IRE) and iron-responsive proteins (IRP) [12].

Systemic homeostasis is controlled by hepcidin,
a liver protein whose concentration, among other
things, increases in inflammation, under the influence
of interleukin-6, leading to the internalization and deg-
radation of ferroportin. According to currently avail-
able literature data, ferroportin is the only exporter of
iron from cells [12].

Dietary iron leaves the enterocytes via ferroportin,
as trivalent iron, and is transported to tissues bound
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in se prenosi do tkiva. Kompleks gvozde-transferin se
vezuje za transferinski receptor 1 (TfR1) i procesom en-
docitoze ulazi u Celije. U celiji prelazi iz trovalentnog u
dvovalentni oblik i ugraduje se u razliCite enzime, ulazi
u sastav hema, ucestvuje u oksidativnoj fosforilaciji i
sintezi dezoksiribonukleotida. Suvisno gvozde se sk-
ladisti u feritinu.

Pokazalo se da dve belan¢evine — ZIP 8 i ZIP 14, s
poznatom ulogom u prenosenju cinka, ucestvuju i u
transportu gvozda koje nije vezano za transferin (engl.
non-transferrin-bound iron — NTBI) kroz celijsku mem-
branu [12-16], a imaju znacaja i u hemohromatozi
[16]. Njihovo mesto u drugim stanjima s nakupljan-
jem gvozda, poput maligniteta i nekih anemija, osta-
je nejasno [12]. Proteini PCBP1 i PCBP2 (engl. poly(rC)
binding protein 1; poly(rC) binding protein 2) su Saperoni
(engl. chaperones) — oni prate dvovalentno gvozde u
citoplazmi i imaju ulogu u njegovoj distribuciji u Celiji
[12,17,18], dok koaktivator jedarnog receptora 4 (engl.
nuclear receptor coactivator 4 — NCOA4) uCestvuje u aut-
ofagiji feritina, te tako deluje na iskoristivost gvozda
koje je u njemu uskladisteno [12,19-22].

Gvozde koje se nalazi u ¢eliji deponovano u feritinu
je netoksi¢no ali je, dok je na taj nacin vezano, nedos-
tupno za ¢elijske potrebe. Da bi bilo iskoristivo, mora se
osloboditi, obi¢no degradacijom u lizozomima [19-22].
Izgleda da je nacin degradacije feritina isti i u stanjima
s nakupljanjem gvoZzda, a i kad postoji njegov nedo-
statak, ali se lizozomima isporucuje na drukgiji nacin
[12,20]. Kad postoji deficit gvozda, dolazi do autofagi-
je, a kad postoji nakupljanje gvozda, aktivni su drugi
putevi [20]. NCOA4 je bitan ¢inilac u autofagiji feritina
kod nedostatka gvozda i za regulaciju homeostaze
gvozda u slezini [23,24]. Ako nema nedostatka gvozda,
neautofagni putevi razgradnje feritina su manje ak-
tivni u malignim ¢celijama nego u zdravim, te su zato i
maligne celije otpornije na oStecenja koje izaziva viSak
gvozda [20]. Reaktivacija tih puteva bi mogla povecati
toksi¢nost gvozda za neoplasti¢nu Celiju i mozda biti
nova terapijska strategija [12].

Celije kancera menjanju metabolizam tiola, koji su
intracelijski redoks puferi, a oksidativni stres zbog viska
gvozda povezan je sa karcinogenezom [25]. Ve¢ smo
spomenuli da maligne ¢elije zadrzavaju vecu koli¢inu
gvozda, u lizozomima, ali i u citoplazmi i mitohondrija-
ma. To dovodi do poremecaja njihove funkcije, preuz-
ima se viSe glukoze i u prisustvu kiseonika, u procesu
aerobne glikolize, produkuju se laktati. Ovaj fenomen
je poznat kao Varburgov efekat. Osobina veceg
preuzimanja glukoze od strane malignih celija koristi
se u primeni pozitronske emisione tomografije (PET) u
dijagnostici i proceni terapijskog efekta kod bolesnika
sa malignim oboljenjima [26].

Agi¢ D.etal.

to transferrin. The iron-transferrin complex binds to the
transferrin receptor 1 (TfR1) and enters cells via endo-
cytosis. In the cell, trivalent iron is transformed into di-
valent iron and, as such, it is incorporated into various
enzymes, it enters the composition of heme, and par-
ticipates in oxidative phosphorylation and synthesis of
deoxyribonucleotides. Excess iron is stored in ferritin.

It has been shown that two proteins — ZIP 8 and ZIP
14, with a known role in zinc transport, also participate
in the transport of non-transferrin-bound iron (NTBI)
through the cell membrane [12-16], and they are also
important in hemochromatosis [16]. Their role in other
conditions characterized by iron overload, such as malig-
nancies and some forms of anemia, remains unclear [12].
Poly(rC) binding protein 1 (PCBP1) and poly(rC) binding
protein (PCBP2) are iron chaperones — they accompany
divalent iron in the cytoplasm and play a role in its distri-
bution in the cell [12,17,18], while nuclear receptor coact-
ivator 4 (NCOA4) participates in the autophagy of ferritin,
thus affecting the utilization of iron stored in it [12,19-22].

The iron found in the cell deposited in ferritin is
non-toxic, however, while bound in such a way, it is un-
available for cellular needs. For it to be usable, it must
be released, usually by degradation in the lysosomes
[19-22]. It seems that the method of ferritin degradation
is the same in conditions characterized by iron overload
and those characterized by iron deficiency, however, it
is delivered to lysosomes differently [12,20]. When there
is iron deficiency, autophagy occurs, and when there is
iron overload, other pathways are active [20]. NCOA4 is
an essential factor in ferritin autophagy in iron deficien-
cy, as well as in the regulation of iron homeostasis in the
spleen [23,24]. If there is no iron deficiency, non-auto-
phagic pathways of ferritin degradation are less active
in malignant cells than in healthy ones, and therefore
malignant cells are more resistant to damage caused
by excess iron [20]. The reactivation of these pathways
could increase the toxicity of iron to the neoplastic cell
and potentially be a new therapeutic strategy [12].

Cancer cells alter the metabolism of thiols, which
are intracellular redox buffers, and oxidative stress, due
to excess iron, is associated with carcinogenesis [25].
We have already mentioned that malignant cells re-
tain excess iron in lysosomes, but also in the cytoplasm
and mitochondria. This leads to the disruption of their
function, the uptake of glucose is increased, and, in the
presence of oxygen, in the process of aerobic glycoly-
sis, lactates are produced. This phenomenon is known
as the Warburg effect. The property of higher uptake of
glucose by malignant cells is used in the application of
positron emission tomography (PET) in the diagnostics
and assessment of the therapeutic effect of treatment
in patients with malignant diseases [26].
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Agensi koji uti¢u na feroptozu

Iz svega prethodno navedenog, vidi se da maligna ce-
lija, bez obzira na stalnu izlozenost oksidativhom stre-
su, ima sposobnost da ga tolerise i izbegne feroptozu
[25]. Erastin i sulfasalazin blokiraju ulazak cistina kroz
kanale u fosfolipidnom delu ¢elijske membrane. Na taj
nacin, kao i drugi agensi koji uti¢u na smanjenje pro-
dukcije glutationa u eksperimentalnim uslovima, do-
vode do supresije tumorskog rasta i feroptoze [25,27-
29]. Testiranja su pokazala da promena metabolizma
cistina i glutationa dovodi do povisene koncentracije
slobodnih kiseoni¢nih radikala, a antioksidativna tera-
pija prevenira celijsku smrt [10]. Erastin je jak induktor
feroptoze koji inhibira transmembranske antiportere
za razmenu intracelijskog glutamata i ekstracelijskog
cistina. Glutation ucestvuje u odrzavanju redoks rav-
noteze i, kad ga nema u dovoljnoj koncentraciji, nago-
milavaju se slobodni kiseoni¢ni radikali, a ve¢ je receno
da je za njegovu sintezu neophodan ulazak cistina u
celiju [30-32]. Dikson i saradnici navode da sulfasala-
zin i sorafenib blokiraju ovaj antiporter i dovode do
selektivne feroptoze, s tim da je, u ovoj studiji, erastin
2.500 puta snaznije inhibirao ovaj sistem od sulfasala-
zina. Dodatni pokazatelj znacaja gvozda u feroptozi je
i to sto deferoksamin, koji je helator gvozda, suprimi-
ra Celijsku smrt indukovanu erastinom, dok je dodatni
unos gvozda potencira [1,27,33]. Ispitivanja na kulturi
celija difuznog B krupnocelijskog limfoma su poka-
zala znacajnu osetljivost na celijsku smrt indukovanu
erastinom [34]. U drugom istraZivanju je pokazano da
erastin povecava senzitivnost leukemijskih ¢elija akut-
ne limfocitne leukemije (ALL) na efekat SMAC mimetika
LCL-161 (engl. second mitochondria-derived activator of
caspases — SMAC mimetic LCL-161) i da sinergisti¢kim
delovanjem dolazi do smrti leukemijske celije [35].
Drugi autori navode dozno zavisan efekat erastina na
celije akutne mijeloidne leukemije, jer je u njihovim
istrazivanjima na kulturi ¢elija dovodio do supresije nji-
hovog rasta, ali i meSanog tipa celijske smrti. Supresija
ovog efekta se ostvarila ferostatinom 1, inhibitorom
feroptoze ili nekrostatinom 1, inhibitorom nekropto-
ze, ali ne i inhibitorom kaspaznog puta, koji deluje na
apoptozu, niti hlorohinom, koji inhibise autofagiju. Na
kulturi ¢elija hroni¢ne mijeloidne leukemije, akutne T
limfoblastne leukemije i akutne promijelocitne leuke-
mije, ovi efekti nisu postignuti. Celije akutne mijelo-
idne leukemije (AML) su, uz male doze erastina, bile
znacajno osetljivije na citozin arabinozid i antracikline
[36], uz napomenu da je upotrebljen doksorubicin, a
ne daunoblastin. U nedavno objavljenom radu, druga
grupa autora je na in vitro modelu pokazala erastinom
povecanu senzitivnost celija akutne mijeloidne leuke-
mije na venetoklaks [37]. Fibroblasti i dendritske celije
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Agents affecting ferroptosis

Based on all the above, it is evident that malignant cells,
regardless of constant exposure to oxidative stress, can
tolerate it and avoid ferroptosis [25]. Erastin and sulfa-
salazine block the entry of cystine through channels in
the phospholipid part of the cell membrane. In this way,
just like other agents affecting the reduced production
of glutathione in experimental conditions, they lead to
tumor growth suppression and ferroptosis [25,27-29].
Tests have shown that change in the metabolism of
cystine and glutathione leads to an increased concen-
tration of free oxygen radicals, while antioxidant thera-
py prevents cell death [10]. Erastin is a strong inducer
of ferroptosis that inhibits transmembrane antiporters
for intracellular glutamate and extracellular cystine ex-
change. Glutathione participates in maintaining the re-
dox balance and when its concentration is insufficient,
free oxygen radicals accumulate, and it has already
been said that cystine entry into the cell is necessary for
its synthesis [30-32]. In their study, Dixon et al. reported
that sulfasalazine and sorafenib blocked this antiporter
leading to selective ferroptosis, however, erastin inhibi-
ted this system 2,500 times more potently than sulfa-
salazine. An additional indicator of the importance of
iron in ferroptosis is that deferoxamine, an iron chelator,
suppresses erastin-induced cell death, while additional
iron intake promotes it [1,27,33]. Studies on diffuse lar-
ge B-cell lymphoma cell cultures have shown significant
sensitivity to erastin-induced cell death [34]. In another
study, it was shown that erastin increased the sensitivity
of leukemic cells in acute lymphocytic leukemia (ALL) to
the effect of the second mitochondria-derived activator
of caspases (SMAC) mimetic LCL-161 and that the syner-
gistic action led to the death of leukemic cells. [35]. Ot-
her authors have reported a dose-dependent effect of
erastin on acute myeloid leukemia cells, since, in their
studies of cell cultures, it led to the suppression of their
growth, but also to a mixed type of cell death. The su-
ppression of this effect was achieved by ferrostatin 1, an
inhibitor of ferroptosis, or necrostatin 1, an inhibitor of
necroptosis, but not by an inhibitor of the caspase pat-
hway, which acts on apoptosis, nor by chloroquine, whi-
ch inhibits autophagy. These effects were not achieved
in chronic myeloid leukemia, acute T lymphoblastic leu-
kemia, and acute promyelocytic leukemia cell cultures.
Acute myeloid leukemia (AML) cells were significantly
more sensitive to cytosine arabinoside and anthracycli-
nes [36] when low doses of erastin were administered,
where doxorubicin and not daunoblastin was used. In a
recent study, another group of authors demonstrated,
in an in vitro model, that erastin increased the sensitivi-
ty of acute myeloid leukemia cells to venetoclax [37]. Fi-
broblasts and dendritic cells make cystine, which lymp-
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stvaraju cistin od kojeg zavise limfoidne celije, jer mo-
raju da ga unesu da bi sintetisale cistein. Pokazano je
da sulfasalazin, deluju¢i na sistem kanala kroz koji se
cistin transportuje u kulturi limfomskih celija, dovodi
do prekida njihove proliferacije, a kasnije je na Zivotinj-
skom modelu sa transplantiranim limfomom potvrde-
na supresija tumorskog rasta; za organizam domacina
nije bilo vece stetnosti [38]. Indukcija feroptoze je po-
stignuta na kulturi ¢elija 60 tumorskih linija delova-
njem derivata artemisinina. Geni odgovorni za kodira-
nje belancevina koje ucestvuju u metabolizmu gvozda,
poput transferina, transferinskih receptora 1i 2, ozna-
Ceni su kao prediktori osetljivosti na artemisinin [39].

Feroptoza u krupnocelijskom B limfomu

Krupnocelijski B limfom (engl. large B-cell lymphoma
— LBCL) ¢ini oko trec¢inu svih ne-Hoc¢kinovih limfoma,
sto znadi da predstavlja naj¢escu limfoproliferativnu
neoplazmu kod odraslih pacijenata [40]. Prvom tera-
pijskom linijom, odnosno imunohemioterapijom po
R-CHOP (rituksimab-ciklofosfamid, doksorubicin, vin-
kristin, prednizolon) protokolu, kompletna remisija se
postize u oko 60% bolesnika, ali leCenje pacijenata sa
rezistentnom ili relapsiraju¢om (R/R) bolescu je i dalje
klinicki problem. Nisu svi bolesnici sa R/R LBCL podobni
za autolognu transplantaciju mati¢nih Celija, niti je CAR
T celijska terapija (engl. chimeric antigen receptors (CAR)
T-cell therapy) Siroko dostupna. Bispecifi¢na antitela, u
kombinaciji s drugim lekovima, uglavnom su dostup-
na kroz klinicke studije, a ¢esto se desi da bolesnici sa
R/R boles¢u ne ispunjavaju kriterijume za ukljucivanje
u studiju ili su studije nedostupne. Siroko primenjivani
standardni skorovi rizika su prognosticki alati kreirani
da procene Sansu za prezivljavanje pre i u eri leCenja
rituksimabom [41,42]. Uz to, LBCL je heterogena bolest
koja je i u novoj klasifikaciji Svetske zdravstvene orga-
nizacije (SZO) predstavljena sa vise entiteta [43], gde u
tumacenjima nekad postoje preklapanja i razli¢ito vi-
denje izazova, iz ugla patologa i klinicara [44]. Postoji
potreba za razvojem novih prognostickih skorova, ali i
terapeutika koji bi delovali drugim mehanizmima.
Gvozde je neophodno za mnoge procese, ukljucu-
judi i celijsku proliferaciju [45,46]. Devin i saradnici su
razvili novi skor, IS (engl. iron score) zasnovan na profilu
ekspresije gena odgovornih za metabolizam gvozda.
U dve nezavisne kohorte pacijenata sa LBCL, koje su
obuhvatile 233 181 ispitanika, 11 gena je pokazalo
prognosti¢ki znacaj. Visoka ekspresija osam gena je
definisala grupu sa loSom prognozom. IS je dodatno
validiran u tri kohorte u odnosu na ukupno prezivlja-
vanje (engl. overall survival - OS) [47]. IS je bio znacajno
visi u grupi LBCL porekla aktivisanih B limfocita (engl.
activated B-cell - ABC) u odnosu na one porekla germi-
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hoid cells depend on because they must absorb itin or-
der to synthesize cystine. It has been demonstrated that
sulfasalazine, acting on the system of channels through
which cystine is transported in a culture of lymphoma
cells, leads to the interruption of their proliferation, and
later the suppression of tumor growth was confirmed
in an animal model with transplanted lymphoma; there
was no major harm to the host organism [38]. Inducti-
on of ferroptosis was achieved on a cell culture of 60
tumor lines by the action of artemisinin derivatives.
Genes responsible for coding proteins involved in iron
metabolism, such as transferrin, transferrin receptors 1
and 2, have been identified as predictors of sensitivity
to artemisinin [39].

Ferroptosis in large B-cell lymphoma

Large B-cell lymphoma (LBCL) accounts for about a
third of all non-Hodgkin’s lymphomas, which makes
it the most common lymphoproliferative neoplasm in
adult patients [40]. With first-line treatment, i.e. immu-
nochemotherapy with the R-CHOP (rituximab-cyclop-
hosphamide, doxorubicin, vincristine, prednisolone)
regimen, complete remission is achieved in about 60%
of patients, however, the treatment of patients with
resistant or relapsing (R/R) disease remains a clinical
problem. Not all patients with R/R LBCL are eligible for
autologous stem cell transplantation, nor is chimeric
antigen receptors (CAR) T-cell therapy widely available.
Bispecific antibodies, combined with other drugs, are
mostly available through clinical studies, however, it of-
ten happens that patients with R/R disease do not meet
the criteria for inclusion in a study or that the studies
are unavailable. Widely used standard risk scores are
prognostic tools designed to estimate the probability
of survival before and during the rituximab treatment
era[41,42]. Furthermore, LBCL is a heterogeneous dise-
ase represented by multiple entities in the new World
Health Organization (WHO) classification [43], where
there are sometimes overlapping interpretations and
different views of the challenges, from the point of
view of pathologists and clinicians [44]. New progno-
stic scores, as well as therapeutic agents that would act
via other mechanisms, need to be developed.

Iron is necessary for many processes, including
cell proliferation [45,46]. Devin et al. developed a new
score — iron score (IS), based on the expression pro-
file of genes responsible for iron metabolism. In two
independent cohorts of LBCL patients, which includ-
ed 233 and 181 subjects, 11 genes showed prognostic
significance. High expression of eight genes defined
the poor prognosis group. IS was additionally validat-
ed in three cohorts in relation to overall survival (OS)
[47].1S was significantly higher in the activated B-cell-
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nativnog centra (engl. germinal-center B-cell-like - GCB)
[47]. Isti autori su na Celijskim linijama LBCL, odvojeno
ABC i GCB tipa, testirali efekat helatora gvozda, defer-
asiroksa i deferoksamina, na vijabilnost limfomskih
Celija i videli, u zavisnosti od koncentracije, smanjenu
vijabilnost celija nakon tretmana helatorima gvozda.
U istom radu je testiran i terapijski efekat irinomicina i
ustanovljeno da u nanomolarnim koncentracijama in-
hibira rast tumorskih celija. Suplementacija gvozdem
je inhibirala efekat helatora na limfomske ¢elije, ali ne
i efekat irinomicina, $to je sugerisalo drukdiji meha-
nizam dejstva. Naime, helatori gvozda su dovodili do
apoptoze limfomskih ¢elija a irinomicin je dovodio do
sekvestracije gvozda u lizozomima, deplecije gvozda u
Celijskom citosolu i degradacije feroportina autofagi-
jom u lizozomima, te produkcije reaktivnih kiseoni¢nih
radikala koji su vodili ka feroptozi [47].

Smit i saradnici, u radu objavljenom 2021. godine,
pokazuju da dimetilfumarat, lek odobren u terapi-
ji multiple skleroze i psorijaze, izazivajuci feroptozu i
slabeci NF-kB/STAT 3 signalni put deluje na LBCL ¢elije
i ABCi GCB tipa [48].

Grupa naucnika iz Kine je, pre godinu dana, ob-
javila da je povisen nivo glutamina povezan sa loSi-
jim ishodom kod obolelih od LBCL, a da je koncen-
tracija derivata glutamina, aketo-glutarata, obrnuto
korelirala sa agresivnos¢u LBCL [49]. Akumulacija
aketo-glutarata je dovodila do oksidativhog stresa u
dabl hit limfomu (engl. double-hit lymphoma - DHT).
Visok nivo slobodnih kiseoni¢nih radikala izazivao je
akumulaciju lipidnih peroksida, doslo je do aktivacije
TP53 i feroptoze [49].

ZAKLJUCAK

Sve je vise radova koji se bave feroptozom u razlicitim
malignitetima, pa i hematoloskim. Ispituju se poten-
cijalno nove uloge ve¢ poznatih lekova i moguénosti
njihove Sire primene i sinergistickog dejstva sa stan-
dardnom terapijom. Otkrivanje novih mehanizama ¢e-
lijske smrti i signalnih puteva koji su u taj proces uklju-
¢eni dovodi do otkrivanja potencijalno nove ciljne te-
rapije. Sve ovo iz ugla klini¢ara deluje vrlo interesantno
i ohrabrujuce, ali su neophodne dalje klinicke studije
i validacija rezultata dobijenih in vitro i na laboratorij-
skim zivotinjama.

NAPOMENA: Osnove metabolizma gvozda i feroptoze
suispitivane u okviru doktorske disertacije prvog auto-
ra, odbranjene 2022. godine.

Sukob interesa: Nije prijavljen.
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like (ABC) LBCL group, as compared to the germi-
nal-center B-cell-like (GCB) LBCL group [47]. The same
authors tested the effect of iron chelators deferasirox
and deferoxamine on the viability of lymphoma cells
on LBCL cell lines (separately ABC and GCB types) and,
depending on the concentration, observed reduced
cell viability after treatment with iron chelators. In the
same study, the therapeutic effect of irinomycin was
tested. It was found that nanomolar concentrations of
irinomycin inhibited tumor cell growth. Iron supple-
mentation inhibited the effect of chelators on lympho-
ma cells, but not the effect of irinomycin, suggesting
a different action mechanism. Namely, iron chelators
led to lymphoma cell apoptosis, while irinomycin led
to iron sequestration in lysosomes, iron depletion in
the cell cytosol, ferroportin degradation by autophagy
in lysosomes, and the production of reactive oxygen
radicals leading to ferroptosis [47].

In a study from 2021, Schmidt et al. showed that
dimethyl fumarate, a drug approved for the treatment
of multiple sclerosis and psoriasis, acted on both ABC
LBCL and GCB LBCL cells by causing ferroptosis and
weakening the NF-kB/STAT 3 signaling pathway, [48].

A year ago, a group of scientists from China an-
nounced that an elevated level of glutamine was as-
sociated with a poorer outcome in LBCL patients, and
that the concentration of the glutamine derivative,
aketo-glutarate, was inversely correlated with the ag-
gressiveness of LBCL [49]. Accumulation of a-keto-glu-
tarate led to oxidative stress in double-hit lymphoma
(DHT). A high level of free oxygen radicals caused the
accumulation of lipid peroxides, leading to the activa-
tion of TP53 and to ferroptosis [49].

CONCLUSION

There is an increasing number of studies dealing with
ferroptosis in various malignancies, including hemato-
logical malignancies. The potential new roles of alre-
ady-known drugs and the possibilities of their wider
application and synergistic effect with standard therapy
are being examined. The discovery of new cell death me-
chanisms and the signaling pathways involved in that
process leads to the discovery of potentially new tar-
get therapies. From the clinician’s point of view, all this
seems very interesting and promising, however, further
clinical studies and validation of the results obtained in
vitro and on laboratory animals are necessary.

NOTE: The basic principles of iron metabolism and
ferroptosis were investigated in the doctoral disser-
tation of the first author of this study. The thesis was
defended in 2022.

Conflict of interest: None declared.
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SAZETAK

Uvod/Cilj: Incidenca Hockinovog limfoma (HL) je visoka u reproduktivnom pe-
riodu tako da problem javljanja ovog maligniteta tokom trudnoce predstavlja
znacajan problem u svakodnevnoj klinickoj praksi. Cilj ovog rada je da se kroz
prikaz slucaja prikaze karakteristicni klinicki tok i da se kroz pregled literature
analiziraju do sada objavljeni podaci.

Prikaz slucaja: Trudnica, starosne dobi 33 godine, tokom treceq trimestra trud-
noce razvija otok vrata, nocno preznojavanje, svrab uz gubitak telesne mase.
Ultrazvucnim pregledom otkrivena je znacajna limfadenopatija u supraklaviku-
larnoj regiji. Hirurska ekstirpacija limfnog ¢vora uz patohistolosku verifikaciju
potvrdila je dijagnozu Hockinovog limfoma. S obzirom na trudnocu i ogranicenu
primenu radiografske dijagnostike, magnetna rezonanca (MR) je uradena i po-
tvrdila je generalizovanu limfadenopatiju s posledicnom hidronefrozom desnog
bubrega. Nakon postavljanja dijagnoze uznapredovalog stadijuma HL, odluceno
je da se zapocne specificno hematolosko lecenje primenom citostatske terapije.
Porodaj je sproveden u 37. nedelji gestacije prirodnim putem, bez komplikacija
po majku i novorodence. Nakon porodaja, sprovedena je kompletna reevaluacija
bolesti, uz odluku da se lecenje nastavi do ukupno 3est ciklusa hemioterapije pre-
ma ABVD (adriablastin, bleomicin, vinblastin, dakarbazin) protokolu. Nakon Sest
ciklusa hemioterapije, postignuta je metabolicka remisija bolesti.

Zakljucak: Lecenje Hockinovog limfoma tokom trudnoce predstavlja komplek-
san izazov koji zahteva koordinisan multidisciplinarni pristup i personalizovani
plan lecenja.
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ABSTRACT

Introduction/Objective: The incidence of Hodgkin lymphoma (HL) is high
during the reproductive years, making the occurrence of this malignancy during
pregnancy a significant issue in everyday clinical practice. The aim is to present a
case study demonstrating the characteristics of clinical courses and analyze pub-
lished data through a literature review.

Case report: A 33-year-old pregnant woman in her third trimester developed
neck swelling, night sweats, itching, and weight loss. Ultrasound examination
revealed significant lymphadenopathy in the supraclavicular region. Surgical ex-
cision of the lymph node and pathological verification confirmed the diagnosis of
Hodgkin lymphoma. Given the pregnancy and the limited use of radiographic di-
agnostics, magnetic resonance imaging (MR) was performed and confirmed gen-
eralized lymphadenopathy with resultant hydronephrosis of the right kidney. Af-
ter diagnosing advanced-stage HL, it was decided to initiate specifichematologic
treatment with chemotherapy. Delivery was carried out at 37 weeks of gestation
via vaginal delivery, with no complications for the mother or newborn. Following
delivery, a complete disease reevaluation was conducted, and it was decided to
continue treatment with a total of six cycles of chemotherapy according to the
ABVD (adriamycin, bleomycin, vinblastine, dacarbazine) protocol. After six cycles
of chemotherapy, metabolic remission of the disease was achieved.

Conclusion: Managing Hodgkin lymphoma during pregnancy presents a com-
plex challenge requiring a coordinated multidisciplinary approach and a person-
alized treatment plan.

Keywords: Hodgkin lymphoma, pregnancy, ABVD
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uvoD

Hockinov limfom predstavlja hroni¢no maligno lim-
foproliferativno oboljenje sa bimodalnom distribuci-
jom javljanja, i to u tre¢oj deceniji zivota, kao i u Se-
stoj deceniji [1]. Imajudi u vidu da prvi pik obuhvata i
zene u reproduktivnom periodu, literaturna incidenca
javljanja za vreme trudnoce je oko 3% ukupnih paci-
jenata. [2]. Prema sistematskom pregledu literature
objavljenom 2022. godine gde je cilj ispitivanja bio
procena krajnjeg ishoda kod trudnice i ploda nakon
postavljanja dijagnoze Hockinovog limfoma za vreme
trudnode, zaklju¢ak je bio da se incidenca kongenital-
nih malformacija kao i spontanih pobacaja statisticki
znacajno ne razlikuje kod trudnica sa HL u odnosu na
trudnice kod kojih navedena bolest nije bila dijagno-
stikovana. Od ostalih mogucih ishoda izdvojila se veca
ucestalost prevremenih porodaja, anemijskog sindro-
ma koji zahteva primenu krvnih komponenata, kao i
venskog tromboembolizma [3]. Cilj ovog rada je da se
kroz prikaz slucaja prikaze karakteristi¢ni klinicki tok i
da se kroz pregled literature analiziraju do sada objav-
lijeni podaci.

PRIKAZ SLUCAJA

Trudnica, starosne dobi 33 godine, tokom treceg trime-
stra trece trudnode razvija otok vrata, no¢no prezno-
javanje, svrab uz gubitak telesne mase. Ultrazvu¢nim
pregledom mekih tkiva vrata opisana je signifikantna
limfadenopatija dominantno u donjem jugularnom
spratu i supraklavikualrno levo, promera 30x24 mm i
43x20 mm. Tada se u laboratorijskim analizama u nala-
zu KKS izdvojila leukocitoza sa neutrofilijom i monoci-
tozom (Le 23,9x10°/L, Neu 20,3 x10°/L, Mon 1,6x10°/L),
mikrocitna anemija srednje teSkog stepena (Hgb 86 g/L,
MCV 72,4 fL), trombocitoza (Tr 626x10°/L), a u biohe-
mijskim analizama hipoalbuminemija (albumin 30g/L),
hipoferemija uz hiperferitinemiju (Fe 4,1 umol/L, TIBC
59,1 umol/L, feritin 798,7 ug/L), povisen nivo alkalne
fosfataze (ALP 274 U/L), laktat dehidrogenaze (LDH
674 U/L), beta 2 mikroglobulina (beta 2 M 3,59 mg/L),
C reaktivnog proteina (CRP 162,9 mg/L), i u testovima
hemostaze hiperfibrinogenemija (fibrinogen 8,1 g/L).
Ostali nalazi su bili u granicama referentnih vrednosti.
Ginekoloski pregled je bio uredan. Odluceno je da se
navedeni limfni nodus supraklavikularne regije levo
ekstirpira u celosti. Na osnovu pristiglog histopatolos-
kog nalaza postavljena je dijagnoza HL, tipa nodularne
skleroze, sa karakteristi¢cnim imunofenotipom: LCA-,
CKPAN-, OCT2-, BOB1-, Pax-5-/+, CD79alfa -, CD20-,
CD19-, CD15-/+, CD30+, Fascin +, MUM-1+, EBV-, bcl-
6+, CD34-, CD3-, CD5-, CD4-, CD8-, ALK-. U okviru do-
punske dijagnostike uraden je pregled vrata, grudnog
kosa, abdomena i male karlice magnetnom rezonan-

HODGKIN'S LYMPHOMA IN PREGNANCY: CASE REPORT AND REVIEW OF LITERATURE

INTRODUCTION

Hodgkin’s lymphoma is a chronic malignant lymph-
oproliferative disease with a bimodal distribution of
occurrence in the third decade of life as well as in the
sixth decade [1]. Considering that the first peak also
includes women in the reproductive period, the lit-
erature incidence of occurrence during pregnancy is
about 3% of total patients. [2]. According to a systemat-
ic review of the literature published in 2022, where the
study aimed to assess the final outcome of pregnant
women and the fetus after the diagnosis of Hodgkin’s
lymphoma during pregnancy, the conclusion was that
the incidence of congenital malformations as well as
spontaneous abortions is not statistically significant-
ly different in pregnant women with HL compared to
pregnant women in whom the mentioned disease was
not diagnosed. Among the other possible outcomes,
a higher frequency of premature births, anemic syn-
drome requiring the use of blood components, and
venous thromboembolism [3] were singled out. This
paper aims to present a characteristic clinical course
through a case report and analyze the data published
so far through a literature review.

CASE REPORT

A pregnant woman, aged 33, during the third trimester
of her third pregnancy, developed swelling of the neck,
night sweats, and itching with loss of body weight, an
ultrasound examination of the soft tissues of the neck
described significant lymphadenopathy dominantly in
thelower jugularfloor and supraclavicular left, diameter
30x24mm, and 43x20mm. Then, in the laboratory anal-
ysis, leukocytosis with neutrophilia and monocytosis
(Le 23.9x10°/L, Neu 20.3x10°/L, Mon 1.6x10°/L), micro-
cytic anemia of medium severity (Hgb 86 g/L, MCV 72.4
fL) were distinguished., thrombocytosis (Tr 626x10°/L),
and in biochemical analyzes hypoalbuminemia (albu-
min 30g/L), hypoferremia with hyperferritinemia (Fe
4.1 umol/l, TIBC 59.1 umol/L, ferritin 798.7 ug/L), ele-
vated level of alkaline phosphatase (ALP 274 U/L), lac-
tate dehydrogenase (LDH 674 U/L), beta 2 microglob-
ulin (beta 2 M 3.59 mg/L), C reactive protein (CRP 162.9
mg/L), and in hemostasis tests hyperfibrinogenemia
(fibrinogen 8.1 g/L). Other findings were within refer-
ence values. The gynecological examination was in or-
der. It was decided to extirpate the said lymph node of
the left supraclavicular region in its entirety. Based on
the received histopathological findings, a diagnosis of
HL, a type of nodular sclerosis, with a characteristic im-
munophenotype: LCA-, CKPAN-, OCT2-, BOB1-, Pax-5-
/+, CD79alfa -, CD20-, CD19-, CD15-/+, CD30+, Fascin +,
MUM-1+, EBV-, bcl-6+, CD34-, CD3-, CD5-, CD4-, CD8-,
ALK-. As part of additional diagnostics, an examination
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com (MR), gde je uoc¢ena limfadenopatija supraklaviku-
larno (najveéeg promera do 44x22 mm, medijastinalno
u svim grupama (najve¢eg promera do 28x15 mm),
abdominalno u vidu konglomerata dominantno u hi-
lusu jetre (promera 61x28x46 mm), paraaortalno (pro-
mera 55x24x39 mm) i parailija¢no (promera 31x18x30
mm), sa opisanom hidronefrozom gr. Il desnog bubre-
ga. Ehokardiografski pregled je bio uredan uz ocuva-
nu globalnu sistolnu funkciju leve komore (ejekciona
frakcija 70%). Odluka o specifitnom hematoloskom
leCenju je nakon sprovedene dijagnostike bila odloze-
na zbog SARS-CoV-2 pozitivnosti i blaze klinicke slike
Covid-19. Pacijentkinja je le¢ena primenom empirijske
antibiotske terapije Sirokog spektra uz tromboprofilak-
su niskomolekularnim heparinom i ostalu simptomat-
sko - suportivnu terapiju. Po oporavku, kod pacijent-
kinje sa dijagnozom HL, tipa nodularne skleroze, u llIB
klinickom stadijumu, EORTC/LYSA i GHSG - “advanced
stage’, odluceno je da se zapocne le¢enje osnovne bo-
lesti prema protokolu ABVD, inicijalno primenom dva
ciklusa nakon ¢ega je planirana procena interim PET/
CT pregledom, uz redovno pracenje sa perinatoloske
strane (biometrija, cervikometrija i pracenje stanja plo-
da) neposredno pre primene antineoplasti¢ne terapije.
Dve nedelje nakon sprovedenog d15 Il ciklusa ABVD
protokola bio je planiran porodaj carskim rezom u 37.
nedelji gestacije, ali se pacijentkinja u tom terminu po-
rodila prirodnim putem, bez prate¢ih komplikacija. Od
strane neonatologa konstatovan je uredan i klinicki i
laboratorijski nalaz kod ploda. Interim PET/CT pregled
je uraden februara 2024. i ukazao je na diskretno po-
visen metabolizam glukoze u limfnim ¢vorovima u IV
jugularnoj grupi u vratu obostrano, medijastinalnim
limfnim ¢vorovima retrosternalno i limfnim ¢vorovima
hepatogastri¢no — Deauville skor 3. Imajudi u vidu na-
vedeni nalaz, kao i inicijalni stadijum bolesti, odlu¢eno
je da se leCenje nastavi sa jo$ Cetiri ciklusa hemiote-
rapije prema ABVD protokolu. Terapiju je dobro pod-
nosila i nije bilo prate¢ih komplikacija niti indikovanih
hospitalizacija izmedu ciklusa. LeCenje je kompletirano
sa ukupno Sest ciklusa ABVD protokola, a po zavrsetku
leCenja kontrolni PET/CT je ukazao na metaboli¢ku re-
misiju osnovne bolesti.

DISKUSLJA

Hockinov limfom je jedan od najc¢esc¢ih maligniteta u
trudnodi, s obzirom na ¢injenicu da je incidenca njego-
vog javljanja naj¢esSca u reproduktivnom periodu. Pre-
ma Korkontzelos I. i saradnicima [4], incidence javljanja
je 1 slu¢aj HL na 6000 trudnoca. Karakteristike ovog
maligniteta se ne razlikuju kod trudnica, u odnosu na
opstu populaciju. Pacijentkinje sa dijagnozom HL u
trudnodi imaju trogodisnje prezivljavanje od 85% [5].

of the neck, chest, abdomen, and pelvis was performed
with magnetic resonance imaging (MR), where lymph-
adenopathy was observed supraclavicularly (with the
largest diameter up to 44x22 mm, mediastinally in all
groups (with the largest diameter up to 28x15 mm),
abdominally in the form of conglomerates, dominantly
in hilus of the liver (diameter 61x28x46 mm), paraaor-
tic (diameter 31x18x30 mm), with described hydrone-
phrosis gr. Il of the right kidney. The echocardiographic
examination was regular, with a preserved global sys-
tolic function (ejection fraction of 70%). Hematological
treatment was postponed due to SARS-CoV-2 positivi-
ty and a milder clinical picture of COVID-19.The patient
was treated with empiric broad-spectrum antibiotic
therapy, thromboprophylaxis, low molecular weight
heparin, and other symptomatic-supportive therapy.
Type of nodular sclerosis, in the llIB clinical stage, EO-
RTC/LYSA and GHSG - “advanced stage,” it was decid-
ed to start the treatment of the underlying disease
according to the ABVD protocol, initially by applying
two cycles, after which an interim PET/CT examination
is planned, with regular monitoring from the perinato-
logical side (biometry, cervicometry and monitoring
of the condition of the fetus) immediately before the
application of antineoplastic therapy. Two weeks after
the d15 Il cycle of the ABVD protocol, cesarean deliv-
ery was planned in the 37th week of gestation, but
the patient gave birth naturally at that time without
complications. The neonatologist noted that the clin-
ical and laboratory findings of the fetus were normal.
An interim PET/CT examination was performed in Feb-
ruary 2024 and indicated discretely elevated glucose
metabolism in lymph nodes in the IV jugular group
in the neck bilaterally, mediastinal lymph nodes ret-
rosternal and hepatogastric lymph nodes - Deauville
score 3. Considering the above finding, as well as the
initial stage of the disease, it was decided to continue
the treatment with four more cycles of chemothera-
py according to the ABVD protocol. She tolerated the
therapy well, and there were no accompanying com-
plications or indicated hospitalizations between cycles.
The treatment was completed with a total of six cycles
of the ABVD protocol. At the end of the treatment, the
control PET/CT indicated a metabolic remission of the
underlying disease.

DISCUSSION

Hodgkin’s lymphoma is one of the most common ma-
lignancies in pregnancy, considering the fact that the
incidence of its occurrence is most common in the re-
productive period. According to Korkontzelos I. and
colleagues [4], the incidence of occurrence is 1 case
of HL per 6000 pregnancies. The characteristics of this
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Samo postavljanje dijagnoze HL tokom trudno-
¢e moze biti znacajno prolongirano, imajuci u vidu
da simptomi koji ukazuju na postojanje HL mogu biti
pripisani tegobama koje se i inace javljaju u trudnodi
(zamaranje, malaksalost, dispneja, no¢no preznojava-
nje). Slican sled dogadaja se desio i kod nase pacijent-
kinje, imajudi u vidu da je od pojave prvih simptoma
do definitivnog postavljanja dijagnoze proteklo nesto
manje od dva meseca. Drugi problem predstavlja li-
mitiranost dostupnosti razli¢itih dijagnostickih proce-
dura. Dok biopsija limfne Zlezde ne predstavlja rizik ni
za majku, ni za fetus, odredene radiografske metode,
poput kompjuterizovane tomografije (CT) i pozitron-
ske emisione tomografije (PET) mogu u odredenoj
meri biti rizicne, pre svega za fetus [6]. Bezbednim se
smatra primena magnetne rezonance i ultrazvuénih
metoda, a eventualna radiografija se moZze razmotriti u
cilju procene prosirenosti bolesti ili kod nekih akutnih
stanja, uz obaveznu upotrebu zastitne kecelje. Ipak, od
krucijalne vaznosti je sprovesti planiranu dijagnostiku
i evaluaciju hematoloskog statusa, u cilju adekvatne
odluke o lecenju. Multidisciplinarni pristup je neop-
hodan radi procene optimalnog trenutka zapocinjanja
specificnog hematoloskog le¢enja, uz personalizovan
pristup svakom pacijentu i koordinaciju hematologa,
ginekologa i neonatologa, gde je potrebno uzeti u ob-
zir potencijalnu korist i rizik od primene ili odlaganja
ciljane terapije. Svakako je neophodno postovati zelju
pacijentkinje za nastavkom ili prekidom trudnoce u da-
tom trenutku. Ukoliko se pacijentkinja odluci za prekid
trudnoce, pristup lec¢enju je identi¢an kao i kod opste
populacije.

Kod ranih stadijuma bolesti (IA i lIA po Ann Arbor
klasifikaciji), ne postoji zvanican konsenzus o primeni
antineoplasti¢ne terapije. Preporuke su da, ukoliko je
to moguce, lec¢enje bude odloZzeno do porodaja. Tho-
mas, P.R. i saradnici [7] su pokazali na studiji od 19 pa-
cijentkinja da odlaganje terapije do porodaja zaista
predstavlja adekvatan izbor, ne ugrozavajuci ni majku
ni fetus. Sa druge strane, Aviles, A. i saradnici [8] su u
svojoj studiji koja je obuhvatila 44 pacijentkinje sa di-
jagnozom HL tokom trudnoée u ranom stadijumu bo-
lesti, ukazali na znacaj primene ABVD protokola, koji
predstavlja zlatni standard u leCenju HL. Rezultati stu-
dije su pokazali da nije bilo kongenitalnih malforma-
cija, kao i da su PFS (period do progresije bolesti) i OS
(ukupno prezivljavanje) tokom medijane pracenja od
120,4 meseca iznosili 95%, odnosno 93%, redom.

Kod uznapredovalih stadijuma bolesti, odlaganje
primene specificne terapije moze, pak, predstavljati
vedi rizik od zapocinjanja specificnog lecenja. | u ovoj
grupi pacijenata, ABVD protokol jo$ uvek predstavlja
terapiju izbora. Alternativu moze predstavljati A-AVD

HODGKIN'S LYMPHOMA IN PREGNANCY: CASE REPORT AND REVIEW OF LITERATURE

malignancy do not differ in pregnant women com-
pared to the general population. Patients diagnosed
with HL during pregnancy have a three-year survival
rate of 85% [5].

Making a diagnosis of HL during pregnancy can be
significantly prolonged, bearing in mind that symp-
toms indicating the existence of HL can be attributed to
complaints that also occur during pregnancy (fatigue,
weakness, dyspnea, night sweats). A similar sequence
of events happened with our patient, bearing in mind
that less than two months passed from the appearance
of the first symptoms to the definitive diagnosis. An-
other problem is the limited availability of various di-
agnostic procedures. While biopsy of the lymph gland
poses no risk to either the mother or the fetus, certain
radiographic methods, such as computed tomography
(CT) and positron emission tomography (PET), can be
somewhat risky, primarily for the fetus [6]. The appli-
cation of magnetic resonance and ultrasound meth-
ods is considered safe, and possible radiography can
be considered to assess the spread of the disease or,
in some acute conditions, with the mandatory use of a
protective apron. Nevertheless, it is crucial to carry out
planned diagnostics and evaluation of the hematolog-
ical status to make an adequate decision on treatment.
A multidisciplinary approach is necessary to assess the
optimal moment of starting a specific hematological
treatment, with a personalized approach to each pa-
tient and the coordination of hematologists, gynecolo-
gists, and neonatologists, where it is necessary to take
into account the potential benefits and risks of apply-
ing or delaying targeted therapy. It is certainly essen-
tial to respect the patient’s wish to continue or termi-
nate the pregnancy at a given moment. If the patient
decides to terminate the pregnancy, the approach to
treatment is identical to that of the general population.

In the early stages of the disease (IA and lIA, ac-
cording to the Ann Arbor classification), there is no
official consensus on the use of antineoplastic thera-
py. Recommendations are that, if possible, treatment
should be delayed until childbirth. Thomas, PR. et al.
[7] showed in a study of 19 patients that postponing
therapy until childbirth really represents an adequate
choice without endangering either the mother or the
fetus.Onthe otherhand, Aviles, A.etal.[8] in their study,
which included 44 patients diagnosed with HL during
pregnancy in the early stages of the disease, pointed
out the importance of applying the ABVD protocol,
which represents the gold standard in the treatment of
HL. The study’s results showed no congenital malfor-
mations and that PFS (period to disease progression)
and OS (overall survival) during a median follow-up of
120.4 months were 95% and 93%, respectively.
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protokol (brentuksimab vedotin, adriablastin, vinbla-
stin, dakarbazin), ali za sada ne postoji dovoljno po-
dataka o potencijalnom teratogenom efektu brentuk-
simaba [9,10]. Alkiliraju¢i agensi su poznati kao izu-
zetno teratogeni, te njih svakako treba izbegavati kod
trudnica, posebno u prvom trimestru trudnoce [11].
Imajuci u vidu cinjenicu da se tokom prvog trime-
stra odvija organogeneza i da je tada fetus izuzetno
vulnerabilan, ne preporucuje se primena bilo kakve
antineoplasti¢ne terapije u ovom periodu. U veéem
broju studija, primena ABVD protokola u drugom i
trecem trimestru trudnoce kod trudnica sa HL poka-
zala se bezbednom, ne izazivajuc¢i komplikacije kako
kod majke, tako ni kod fetusa [12-18]. Ipak, Cotteret,
C. i saradnici su dosli do zaklju¢ka da primena dok-
sorubicina tokom trudnoc¢e moze dovesti do prolazne
disfunkcije leve komore kod novorodenceta, uz kom-
pletnu restituciju mesec dana nakon porodaja [19].
Studija [20] koja je obuhvatila 405 pacijentkinja sa di-
jagnozom HL le¢enih BEACOPP (bleomicin, etopozid,
doksorubicin, ciklofosfamid, vinkristin, prokarbazin,
prednison) protokolom, dosla je do zaklju¢ka da je
¢ak 51,4% pacijentkinja razvilo permanentnu ameno-
reju, s viSom stopom kod pacijentkinja leCenih eska-
liraju¢im BEACOPP protokolom u odnosu na standar-
dni. Zbog svega navedenog, ABVD protokol se smatra
relativno bezbednim za le¢enje HL u trudnodi.

Radioterapija nosi sledstveni rizik od kongenital-
nih anomalija kod odojc¢adi i adolescenata koji su bili
izlozeni zraenju in utero, i to uglavnom ako uzmemo u
obzir doze veée od 50 Gy. Samim tim, primena radiote-
rapije u trudnodi ne predstavlja apsolutnu kontraindi-
kaciju, posebno kada se radi o supradijafragmalnoj lo-
kalizaciji tumora, ali i ovo je jedna od odluka koja mora
biti multidisciplinarno sagledana zbog potencijalnih
rizika koje nosi [21].

Jos jedan od izazova predstavlja i izmenjena farma-
kokinetika tokom trudnoce. Hipoalbuminemija, koja se
moze javiti u trudnoci, povecava slobodnu frakciju le-
kova u plazmi, te tako menja njihovu distribuciju. Treba
imati u vidu da se brojni citostatici izlu¢uju putem mle-
ka, te je dojenje tokom primene citostatika kontraindi-
kovano. Odredeni antineoplasti¢ni lekovi mogu perzi-
stirati u mleku odredeni period nakon primene leka, te
se savetuje da se dojenje odlozi minimum 3-6 nedelja
po kompletiranju lecenja.

Prilikom odluke o idealnom terminu porodaja ne-
ophodan je personalizovan pristup. Ukoliko je to mo-
guce, porodaj treba odloziti najmanje do 35. nedelje
gestacije. Takode, zbog mijelosupresivnog efekta odre-
denih citostatika i potencijalne jatrogene aplazije ko-
Stane srzi, porodaj treba planirati minimum tri nedelje
po kompletiranju terapije, odnosno, kada se postigne

In advanced stages of the disease, delaying the
application of specific therapy may, on the other
hand, represent a greater risk than starting specific
treatment. Even in this group of patients, the ABVD
protocol is still the therapy of choice. An alternative
may be the A-AVD protocol (brentuximab vedotin,
adriablastine, vinblastine, dacarbazine), but for now,
there is not enough data on the potential teratogen-
ic effect of brentuximab [9,10]. Alkylating agents are
known to be highly teratogenic and should be avoid-
ed in pregnant women, especially in the first trimester
of pregnancy [11]. Given the fact that organogenesis
takes place during the first trimester and that then
the fetus is highly vulnerable, it is not recommend-
ed to use any antineoplastic therapy during this pe-
riod. In a large number of studies, the application of
the ABVD protocol in the second and third trimesters
of pregnancy in pregnant women with HL has been
shown to be safe without causing complications in
either the mother or the fetus [12-18]. Nevertheless,
Cotteret, C., and co-workers concluded that the ad-
ministration of doxorubicin during pregnancy can
lead to transient left ventricular dysfunction in the
newborn, with complete restitution one month after
delivery [19]. A study [20] that included 405 patients
diagnosed with HL treated with BEACOPP (bleo-
mycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine, prednisone) protocol con-
cluded that as many as 51.4% of patients developed
permanent amenorrhea, with a higher rate in female
patients treated with an escalating BEACOPP proto-
col compared to the standard one. Because of all the
above, the ABVD protocol is considered relatively safe
for the treatment of HL in pregnancy.

Radiotherapy carries a consequent risk of congen-
ital anomalies in infants and adolescents who were
exposed to radiation in utero, especially if we consider
doses higher than 50 Gy. Therefore, the use of radio-
therapy during pregnancy does not represent an ab-
solute contraindication, especially when it comes to
supradiaphragmatic tumor localization, but this is also
one of the decisions that must be considered multidis-
ciplinary because of the potential risks it carries [21].

Another challenge is the altered pharmacokinetics
during pregnancy. Hypoalbuminemia, which can oc-
cur in pregnancy, increases the free fraction of drugs
in plasma, thus changing their distribution. Many cy-
tostatics are excreted through milk, so breastfeeding
during the use of cytostatics is contraindicated. Certain
antineoplastic drugs can persist in milk for a certain
period after the drug is administered, so it is advised
to postpone breastfeeding for at least 3-6 weeks after
completing the treatment.
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odgovaraju¢i oporavak hematoloskih parametara.
Porodaj je kod nase pacijentkinje planiran prema ak-
tuelnim preporukama, tri nedelje nakon primene d15
drugog ciklusa ABVD protokola, u 37. nedelji gestacije,
kada je po uvidu u klinicki i laboratorijski status zavr-
Sen prirodnim putem, bez pratecih komplikacija.

Sistematski pregled Houlihana i saradnika [3] je
ukazao da ne postoji statisticki znacajna razlika u ste-
penu javljanja kongenitalnih malformacija i spontanih
pobacaja kod trudnica sa dijagnozom HL u odnosu na
trudnice u opstoj populaciji. Ipak, kod pacijentkinja sa
dijagnozom HL ce3¢e se javljaju prevremeni porodaji,
$to moze biti povezano sa planiranim preterminskim
zavrsavanjem trudnoce, ¢e3¢e nego spontanim, bilo
kao odluka tima lekara ili odluka same pacijentkinje
kako bi se izbegla primena terapije tokom trudnoce.
Takode, ¢ed¢i su venski tromboembolijski dogadaji
(VTE), $to je ocekivano, s obzirom na ¢injenicu da sama
trudnoca doprinosi hiperkoagulabilnosti i venskoj sta-
zi. Kod nase pacijentkinje je po zapocinjanju lecenja
primenjivana i profilakticka doza niskomolekularnog
heparina, imajudi u vidu i dobro poznat pojam trom-
boza udruzenih sa kancerom, gde aktivni malignitet i
primena antineoplasti¢ne terapije dodatno povecava-
jurizik od VTE.

ZAKLJUCAK

Hockinov limfom predstavlja hematoloski malignitet
sa dobrom prognozom i visokom stopom izlecenja.
Lecenje pacijentkinja sa HL tokom trudnoce nosi sa
sobom brojne izazove, polazedi od dijagnostike, preko
izbora odgovarajuce terapije i momenta zapocinjanja
leCenja, do donosenja odluke o terminu zavriavanja
trudnoce. Kompleksnost le¢enja potvrduje i Cinjenica
0 neophodnosti prisustva multidisciplinarnog tima u
cilju razmatranja prethodno navedenih odluka. Studije
ukazuju na obecavajuce rezultate kod trudnica leCenih
ABVD protokolom. Ipak, dodatna istrazivanja su ne-
ophodna za dalja saznanja, kao i dugoro¢no praéenje
potencijalnih postterapijskih posledica kod dece rode-
ne od majki sa dijagnozom HL koje su le¢ene tokom
trudnoce.

Sukob interesa: Nije prijavljen.
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A personalized approach is necessary when de-
ciding on the ideal date of birth. If possible, childbirth
should be postponed until at least the 35th week of
pregnancy. Also, due to the myelosuppressive effect of
certain cytostatics and potential iatrogenic bone mar-
row aplasia, childbirth should be planned at least three
weeks after the completion of therapy; that is when
appropriate recovery of hematological parameters is
achieved. The birth of our patient was planned accord-
ing to current recommendations, three weeks after the
application of d15 of the second cycle of the ABVD pro-
tocol, in the 37th week of gestation, when, according
to the clinical and laboratory status, it was completed
naturally, without accompanying complications.

A systematic review by Houlihan et al. [3] indicat-
ed that there is no statistically significant difference in
the incidence of congenital malformations and spon-
taneous abortions in pregnant women diagnosed
with HL compared to pregnant women in the general
population. However, in patients diagnosed with HL,
premature births occur more often, which may be re-
lated to planned premature termination of pregnancy,
more often than spontaneous, either as a decision of
the medical team or the decision of the patient herself
to avoid the use of therapy during pregnancy. Also,
venous thromboembolic events (VTE) are more com-
mon, which is expected, given the fact that pregnan-
cy itself contributes to hypercoagulability and venous
congestion. Our patient was given a prophylactic dose
of low-molecular-weight heparin after the start of
treatment, bearing in mind the well-known concept of
thrombosis associated with cancer, where active ma-
lignancy and the use of antineoplastic therapy addi-
tionally increase the risk of VTE.

CONCLUSION

Hodgkin’s lymphoma is a hematological malignancy
with a good prognosis and a high cure rate. Treatment
of patients with HL during pregnancy brings with it nu-
merous challenges, starting from diagnosis, through
the selection of appropriate therapy and the moment
of starting treatment, to deciding on the date of termi-
nation of pregnancy. The complexity of the treatment
confirmed the fact of the necessity of the presence of
a multidisciplinary team to review the aforementioned
decisions. Studies indicate promising results in preg-
nant women treated with the ABVD protocol. However,
additional research is necessary for further knowledge,
as well as long-term monitoring of potential post-ther-
apy consequences in children born to mothers diag-
nosed with HL who were treated during pregnancy.

Conflict of interest: None declared.

450

Septembar 2024. | Volumen 5/ Broj 3 | SRPski MEDICINSKI CASOPIS LEKARSKE KOMORE



HOCKINOV LIMFOM U TRUDNOCI: PRIKAZ SLUCAJA | PREGLED LITERATURE

Ivanovic J. et al.

HODGKIN'S LYMPHOMA IN PREGNANCY: CASE REPORT AND REVIEW OF LITERATURE

LITERATURA / REFERENCES

1.

Eichenauer DA, Engert A, Diehl V. Hodgkin lymphoma: clinical manifestati-
ons, staging and therapy. In: Hoffman R, Benz EJ, Silberstein LE, Heslop HE,
Weitz JI, Anastasi J, editors. Hematology: basic principles and practice. 6th
ed. Philadelphia (PA): Elsevier Saunders; 2013. p. 1138-56.

Bachanova V, Connors JM. Hodgkin lymphoma in pregnancy. Curr Hematol
Malig Rep. 2013 Sep;8(3):211-7. doi: 10.1007/s11899-013-0163-4.

Houlihan OA, Buckley D, Maher GM, McCarthy FP, Khashan AS. Maternal and
perinatal outcomes following a diagnosis of Hodgkin lymphoma during or
prior to pregnancy: A systematic review BJOG. 2023 Mar;130(4):336-47. doi:
10.1111/1471-0528.17347.

Korkontzelos I, Antoniou N, Akritidis N, Demou A, Zagaliki A, Lykoudis S. Hod-
gkin’s disease during pregnancy: a case report and review of the literature.
Clin Exp Obstet Gynecol. 2005;32(4):259-62.

Evens AM, Advani R, Press OW, Lossos IS, Vose JM, Hernandez-llizaliturri FJ,
et al. Lymphoma occurring during pregnancy: antenatal therapy, complica-
tions, and maternal survival in a multicenter analysis. J Clin Oncol. 2013 Nov
10;31(32):4132-9. doi: 10.1200/JC0.2013.49.8220.

Dell’Aquila K, Hodges H, Moshiri M, Katz DS, Elojeimy S, Revzin MV, et al.
Imaging evaluation of lymphoma in pregnancy with review of clinical asse-
ssment and treatment options. Abdom Radiol (NY). 2023 May;48(5):1663-78.
doi: 10.1007/500261-022-03779-9.

Thomas PR, Biochem D, Peckham MJ. The investigation and management
of Hodgkin’s disease in the pregnant patient. Cancer. 1976 Sep;38(3):1443-
51. doi: 10.1002/1097-0142(197609)38:3<1443::aid-cncr2820380352>3.0.
0;2-d.

Avilés A, Nambo MJ, Neri N. Treatment of early stages Hodgkin lymphoma
during pregnancy. Mediterr J Hematol Infect Dis. 2018 Jan 1;10(1):e2018006.
doi: 10.4084/MJHID.2018.006.

Connors JM, Jurczak W, Straus DJ, Ansell SM, Kim WS, Gallamini A, et al.; EG-
HELON-1 Study Group. Brentuximab vedotin with chemotherapy for stage
[l or IV Hodgkin’s lymphoma. N Engl J Med. 2018 Jan 25;378(4):331-44. doi:
10.1056/NEJMoa1708984.

Ramachandran R, Advani RH, Ansell SM, Bartlett NL, Chen R, Connors JM, et
al. Brentuximab vedotin plus chemotherapy in North American subjects with
newly diagnosed stage IIl or IV Hodgkin lymphoma. Clin Cancer Res. 2019
Mar 15;25(6):1718-26. doi: 10.1158/1078-0432.C(R-18-2435.

. Bachanova V, Connors JM. How is Hodgkin lymphoma in pregnancy best tre-

ated? ASH evidence-based review 2008. Hematology Am Soc Hematol Educ
Program. 2008:33-4. doi: 10.1182/asheducation-2008.1.33.

—_
No

13.

14.

15.

16.

17.

18.

19.

20.

21.

Iriyama N, Horikoshi A, Tanaka T, Hirabayashi Y, Kodaira H, Hatta Y, et al.
Successful treatment of Hodgkin lymphoma in the second trimester of pre-
gnancy: feasibility of ABVD regimen. IntJ Hematol. 2011 Jul;94(1):104-7. doi:
10.1007/512185-011-0876-X.

Maggen G, Dierickx D, Lugtenburg P, Laenen A, Cardonick E, Shmakov RG,
et al.; International Network on Cancer, Infertility and Pregnancy. Obstetric
and maternal outcomes in patients diagnosed with Hodgkin lymphoma du-
ring pregnancy: a multicentre, retrospective, cohort study. Lancet Haematol.
2019 Nov;6(11):e551-61. doi: 10.1016/52352-3026(19)30195-4.

Eyre TA, Lau 1), Mackillop L, Collins GP. Management and controversies of cla-
ssical Hodgkin lymphoma in pregnancy. Br J Haematol. 2015 Jun;169(5):613-
30. doi: 10.1111/bjh.13327.

Moshe Y, Bentur 0S, Lishner M, Avivi |. The management of Hodgkin lymp-
homas in pregnancies. Eur J Haematol. 2017 Nov;99(5):385-91. doi: 10.1111/
ejh.12956.

Gurevich-Shapiro A, Avivi I. Current treatment of lymphoma
in pregnancy. Expert Rev Hematol. 2019 Jun;12(6):449-59. doi:
10.1080/17474086.2019.1615878.

Brenner B, Avivi |, Lishner M. Haematological cancers in pregnancy. Lancet.
2012 Feb 11;379(9815):580-7. doi: 10.1016/50140-6736(11)61348-2.
Delzotto J, Naqvi TS, Opara NU, Delzotto A, Morgan A. Unusual presentation
of Hodgkin’s lymphoma in pregnancy: a case report and systematic review
of literature. Hematol Rep. 2022 Nov 3;14(4):322-34. doi: 10.3390/hema-
tolrep14040046.

Cotteret C, Pham YV, Marcais A, Driessen M, Cisternino S, Schlatter J. Mater-
nal ABVD chemotherapy for Hodgkin lymphoma in a dichorionic diamniotic
pregnancy: a case report. BMC Pregnancy Childbirth. 2020 Apr 19;20(1):231.
doi: 10.1186/512884-020-02928-6.

Behringer K, Breuer K, Reineke T, May M, Nogova L, Klimm B, et al.; German
Hodgkin’s Lymphoma Study Group. Secondary amenorrhea after Hodgkin’s
lymphoma is influenced by age at treatment, stage of disease, chemothe-
rapy regimen, and the use of oral contraceptives during therapy: a report
from the German Hodgkin’s Lymphoma Study Group. J Clin Oncol. 2005 Oct
20;23(30):7555-64. doi: 10.1200/)€0.2005.08.138.

Klieger-Grossmann C, Djokanovic N, Chitayat D, Koren G. In utero exposure
to therapeutic radiation for Hodgkin lymphoma. Can Fam Physician. 2009
0ct;55(10):988-91.

SERBIAN JOURNAL OF THE MEeDIcAL CHAMBER | Volume 5/ No. 3 | September 2024

451



MULTIPLI MIJELOM SA DISEMINACIJOM U CENTRALNI
NERVNI SISTEM - PRIKAZ SERIJE SLUCAJA

CASE REPORT

MULTIPLE MYELOMA WITH CENTRAL NERVOUS

SYSTEM INVOLVEMENT — CASE SERIES

Andrijana Koji¢', Mila Puric¢’

! Institut za onkologiju i radiologiju Srbije, Beograd, Srbija

SAZETAK

Uvod: Multipli mijelom sa diseminacijom u centralni nervni sistem (CNS-MM)
predstavlja veoma redak entitet koji ¢ini manje od 1% ekstramedularnih multi-
plih mijeloma, a manifestuje se spektrom neuroloskih deficita. Modaliteti lecenja
mogu biti lokalni, ukljucujudi intratekalnu hemioterapiju i radioterapiju, kao i
sistemski, ukljucujuci autolognu/alogenu transplantaciju mati¢nih celija hema-
topoeze (ATMCH).

Cilj: Prikazujemo iskustvo naSeg centra u leCenju ovog retkog entiteta.

Prikaz bolesnika: Kod prve pacijentkinje sa dijagnozom multiplog mijeloma 8/
lambda CS llIA R-ISS 2, verifikovana je tumorska masa u bazi lobanje sa destrukci-
jom desne sfenoidne i temporalne kosti, koja se manifestovala paralizom n. facia-
lis-a. Pacijentkinja je lecena po (VD (ciklofosfamid, bortezomib, deksametazon)
protokolu sa postignutom parcijalnom remisijom, tumorska promena je palija-
tivno ozratena, potom je sprovedena autologna transplantacija maticnih celija
hematopoeze. LeCenje je nastavljeno po DaraRd (daratumumab, lenalidomid,
deksametazon) protokolu sa ciljem sprovodenja druge autologne transplantaci-
je maticnih celija hematopoeze po produbljivanju remisije. Dosadasnje ukupno
preZivljavanje iznosi 20 meseci. Kod druge pacijentkinje sa dijagnozom multiplog
mijeloma BJ kappa CS IlIA 1SS 2, diseminacija u CNS se desila u prvom relapsu bo-
lesti. Sprovedena je zracna terapija endokranijuma, potom je ordinirano sedam
ciklusa po PAD (bortezomib, doksorubicin, deksametazon) protokolu sa efektom
progresije bolesti i kasnije smrtnim ishodom. Ukupno prezivljavanje iznosilo je 48
mesedi; preZivljavanje od dijagnostikovanja infiltracije C(NS-a je bilo 25 meseci.

Zakljucak: Uprkos napretku u dijagnostici i lecenju, prognoza za C(NS-MM ostaje
lo3a zbog kompleksnog i agresivnog klinickog ponasanja, a zbog niske incidencije
i ogranicenosti podataka, postoji potreba za daljim studijama sa ovom malom
grupom pacijenata.

Kljucne reci: ekstramedularni multipli mijelom, radioterapija, hemioterapija,
transplantacija maticnih celija hematopoeze
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ABSTRACT

Introduction: Central nervous system involvement in multiple myeloma (CNS-
MM) is a very rare entity accounting for less than 1% of all extramedullary mul-
tiple myeloma, which manifests as a variety of neurological deficits. Treatment
modalities can be locally administered therapy, including intrathecal chemother-
apy and radiotherapy, as well as systemic therapy, including autologous/alloge-
neic hematopoietic stem cell transplantation (AHSCT).

The aim: This article aims to present the experience of our center in the treat-
ment of this rare entity.

Case reports: The first patient was diagnosed with multiple myeloma BJ lamb-
da CSIIA R-1SS 2 with a tumor mass located at the base of the skull, causing right
facial nerve paralysis. The patient underwent six treatment cycles of the CVD
(cyclophosphamide, bortezomib, dexamethasone) regimen, achieving partial
remission, followed by palliative radiation and autologous stem cell transplan-
tation. The treatment was continued with the DaraRd (daratumumab, lenalido-
mide, dexamethasone) regimen aimed at a second stem cell transplant which is
to be carried out upon deepening remission. The overall survival of the patient,
so far, is 20 months. The second patient with multiple myeloma BJ kappa CS IlIA
1SS 2 developed CNS involvement with the first recurrence of the disease. Cranial
radiation and seven cycles of the PAD (bortezomib, doxorubicin, dexamethasone)
regimen were carried out, leading to disease progression and death. The overall
survival of the patient was 48 months, with 25 months survival since the diagno-
sis of CNS infiltration.

Conclusion: Despite advances in diagnosis and treatment, the prognosis for
(NS-MM remains poor because of its complex and aggressive clinical behavior.
Due to its low incidence, available data are limited indicating the need for further
studies involving this small group of patients.

Keywords: extramedullary multiple myeloma, radiotherapy, chemotherapy,
hematopoietic stem cell transplantation
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uvoD

Multipli mijelom sa diseminacijom u centralni nervni
sistem (CNS-MM) predstavlja veoma redak entitet sa
incidencijom manjom od 1% svih ekstramedularnih
multiplih mijeloma [1]. U toku protekle decenije prime-
¢en je porast incidencije ovog entiteta, prevashodno
zbog poboljsanja dijagnostike, lecenja i posledi¢nog
produZenja prezivljavanja obolelih [2]. Moze se dija-
gnostikovati na pocetku bolesti, ali se ¢es¢e utvrduje
u relapsu, odnosno, tokom progresije bolesti [1]. Dise-
minacija moze biti hematogenim putem ili direktnom
invazijom, a lezije mogu biti intraparenhimalne i/ili lep-
tomeningealne, sa spektrom neuroloskih manifestacija
[3]. Pokazano je da je zahvac¢enost mozdanih ovojnica
povezana sa najlosijom prognozom, sa medijanom
ukupnog prezivljavanja (engl. median overall survival —
mOS) od dva do sest meseci [1,3,4], dok u ostalim slu-
¢ajevima mOS iznosi do 25 meseci [5,6].

Dijagnosti¢cka obrada, pored one standardne za
multipli mijelom, podrazumeva CT/MR endokranijuma
i kicme, lumbalnu punkciju i analizu cerebrospinalne
tecnosti, kao i biopsiju tumorskog tkiva [4,7]. Modali-
teti le¢enja mogu biti lokalni, ukljucujudi intratekalnu
hemioterapiju i radioterapiju, te sistemski, ukljucujudi
autolognu/alogenu transplantaciju mati¢nih celija he-
matopoeze (ATMCH) [4].

Uprkos napretku u dijagnostici i leCenju, prognoza
za CNS-MM ostaje losa zbog kompleksnog i agresiv-
nog klinickog ponasanja, nastalog najc¢esce na terenu
progresivne bolesti i usled prethodno sprovedenih te-
rapijskih modaliteta [4,8-10]. Zbog niske incidencije,
dostupni podaci su ograniceni, $to ukazuje na potrebu
za daljim studijama usmerenih na ovu malu grupu pa-
Cijenata.

Cilj ovog rada je da prikaze iskustvo naseg centra u
lecenju ovog retkog entiteta.

Prikaz slucaja 1

Kod pacijentkinje starosti 62 godine se bolest mani-
festovala patoloskom frakturom leve klavikule i levog
humerusa decembra 2022. godine. Na u¢injenom CT
pregledu opisane su difuzne osteoliticke promene
na dugim kostima, vratnim i torakalnim ki¢menim
priljenovima i lobanji. Istog meseca je na Institutu
za ortopediju Banjica ucinjena resekcija i stabilizacija
levog humerusa sa biopsijom. Patohistoloskim nala-
zom postavljena je dijagnoza dobro diferentovanog
plazmocitoma. Na Institutu za onkologiju i radiologi-
ju Srbije je sprovedena dopunska dijagnostika, mar-
ta 2023. godine. U bioptatu koStane srzi utvrdena je
infiltracija sa 60% patoloskih plazmocita. Elektrofore-
zom i imunofiksacijom seruma i urina registrovani su
monoklonski lambda laki lanci. Citogenetskom FISH

INTRODUCTION

Central nervous system involvement in multiple my-
eloma (CNS-MM) is a very rare entity with an incidence
lower than 1% of all extramedullary multiple myeloma
[1]. Over the past decade, an increase in the incidence
of this entity was observed, primarily due to the im-
provement of diagnostics, treatment, and consequent
prolongation of survival time of the affected patients
[2]. It can be diagnosed at the onset of the disease, but
it is more often determined in recurrence, i.e., during
the progression of the disease [1]. Dissemination can
be hematogenous or by direct invasion, and the le-
sions can be intraparenchymal and/or leptomeningeal,
with an array of neurological manifestations [3]. It has
been shown that meningeal involvement is associated
with the worst prognosis, with a median overall sur-
vival (mQOS) of two to six months [1,3,4], while in other
cases mOS is up to 25 months [5,6].

Diagnostics, in addition to the standard proce-
dures for multiple myeloma, include CT/MR of the en-
docranium and spine, lumbar puncture and analysis
of cerebrospinal fluid, as well as tumor tissue biopsy
[4,7]. Treatment modalities can be local, including in-
trathecal chemotherapy and radiotherapy, or systemic,
including autologous/allogeneic hematopoietic stem
cell transplantation (HSCT) [4].

Despite developments in diagnostics and treat-
ment, the prognosis for CNS-MM remains poor due to
its complex and aggressive clinical behavior, stemming
most often from the progression of the disease and
previously applied therapeutic modalities [4,8-10].
Due to low incidence, available data are limited, indi-
cating the need for further studies aimed at this small
group of patients.

This paper aims to present the experience of our
center in the treatment of this rare entity.

Case report 1

In the case of a 62-year-old patient, the disease man-
ifested as a pathological fracture of the left clavicle
and left humerus, in December 2022. CT imaging re-
vealed diffuse osteolytic lesions in the long bones,
cervical and thoracic spinal vertebrae, and the skull.
In the same month, resection and stabilization of the
left humerus with biopsy were performed at the Insti-
tute for Orthopedic Surgery Banjica. Pathohistological
findings verified the diagnosis of well-differentiated
plasmacytoma. Additional diagnostic procedures were
carried out at the Institute of Oncology and Radiology
of Serbia, in March 2023. Bone marrow biopsy revealed
a 60% pathological plasma cell infiltration. Monoclonal
lambda light chains were registered with electropho-
resis and immunofixation of serum and urine. Cytoge-

SERBIAN JOURNAL OF THE MEeDIcAL CHAMBER | Volume 5/ No. 3 | September 2024

453



Koji¢ A.isar.

MULTIPLI MIJELOM SA DISEMINACIJOM U CENTRALNI NERVNI SISTEM — PRIKAZ SERIJE SLUCAJA

MULTIPLE MYELOMA WITH CENTRAL NERVOUS SYSTEM INVOLVEMENT — CASE SERIES

analizom (engl. fluorescence in situ hybridization) de-
tektovane su delecija 13q u 80% nukleusa i delecija
TP23 u 25% nukleusa. Postavljena je definitivna dija-
gnoza multiplog mijeloma BJlambda CS llIA, R-ISS 2. U
daljem toku bolesti doslo je do razvoja periferne pa-
ralize desnog n. facialis-a, zbog ¢ega je ucinjen CT en-
dokranijuma na kome je opisana tumorska promena
baze lobanje sa destrukcijom dela desne sfenoidne
i temporalne kosti. Otpoceto je le¢enje po CVD pro-
tokolu (ciklofosfamid, bortezomib, deksametazon);
ordinirano je Sest ciklusa zaklju¢no sa septembrom
2023. godine. Pri reevaluaciji bolesti, u bioptatu ko-
$tane srzi utvrdeni su: infiltracija sa 25% patoloskih
plazmocita, vrednosti lambda lakih lanaca u seru-
mu, proteinurija, te vrednost beta2 mikroglobulina
u padu za vise od 50%. Terapijski efekat procenjen je
kao parcijalna remisija. Sprovedena je palijativna ra-
dioterapija zaostale promene baze lobanje sa 25 Gy
u 10 frakcija, zaklju¢no sa oktobrom 2023. godine. U
daljem toku lec¢enja, pacijentkinja je podvrgnuta au-
tolognoj transplantaciji mati¢nih ¢elija hematopoeze,
koja je sprovedena februara 2024. godine. Na proceni
terapijskog efekta nakon sprovedene transplantaci-
je, odrzava se parcijalna remisija. Juna 2024. godine,
po ulasku monoklonskog anti-CD38 antitela daratu-
mumaba na pozitivnu listu lekova Republi¢kog fon-
da za zdravstveno osiguranje u nasoj zemlji, leCenje
je nastavljeno po DaraRd protokolu (daratumumab,
lenalidomid, deksametazon) sa ciljem produbljivanja
remisije i sprovodenja druge ATMCH. U toku je drugi
ciklus pomenute terapije. Dosadasnje ukupno preziv-
ljavanje iznosi 20 meseci.

Prikaz slucaja 2

Kod pacijentkinje starosti 40 godina, bolest se mani-
festovala naglo nastalom paraparezom, 2012. godine.
Ucinjen je MR pregled kicme na kome je opisana in-
filtracija Th4 prsljenskog tela sa ekstraosealnom pa-
ravertebralnom i epiduralnom propagacijom, znacaj-
nom stenozom lumena vertebralnog kanala i posle-
dicnom kompresijom ki¢mene mozdine. Tokom jula
meseca 2012. godine, na Institutu za ortopediju Ba-
njica, u€injena je dekompresija i stabilizacija segmen-
ta torakalne ki¢me Th3-5 uz biopsiju infiltrisanog tela
Th4. Patohistoloski je verifikovan dobro diferentovani
plazmocitom. Na Institutu za onkologiju i radiologiju
Srbije, sprovedena je kompletna dijagnosti¢ka obra-
da i u bioptatu kostane srzi utvrdena je infiltracija
patoloskim plazmocitima od 80%. Elektroforezom i
imunofiksacijom seruma i urina detektovani su mo-
noklonski laki kappa lanci. Citogenetska FISH analiza
nije radena. Postavljena je dijagnoza multiplog mije-
loma BJ kappa, CS llIA, ISS 2. Avgusta i septembra iste

netic FISH analysis (fluorescence in situ hybridization)
detected 13q deletion in 80% of nuclei and TP23 dele-
tion in 25% of nuclei. A definitive diagnosis of multiple
myeloma BJ lambda CS IlIA, R-ISS 2 was established.
In the further course of the disease, peripheral paral-
ysis of the right n. facialis developed, which is why a
CT scan of the endocranium was performed, reveal-
ing a tumorous lesion in the base of the skull with
the destruction of a segment of the right sphenoid
and temporal bones. The patient was treated with six
cycles of the CVD (cyclophosphamide, bortezomib,
dexamethasone) regimen, ending in September 2023.
Upon reevaluation of the disease, the following were
found in the bone marrow biopsy: infiltration with
25% of pathological plasma cells, values of lambda
light chains in the serum, proteinuria, and a value of
beta2 microglobulin reduced by more than 50%. The
therapeutic effect was evaluated as partial remission.
Palliative radiotherapy of residual changes in the base
of the skull was carried out with 25 Gy in 10 fractions,
concluding in October 2023. In the further course of
treatment, the patient underwent autologous hema-
topoietic stem cell transplantation, which was carried
out in February 2024. When the therapeutic effect
after transplantation was evaluated, the patient was
found to be in partial remission. In June 2024, after the
monoclonal anti-CD38 antibody daratumumab was
added to the positive list of drugs of the Republic Fund
of Health Insurance of Serbia, the treatment of this pa-
tient was continued with the DaraRd (daratumumab,
lenalidomide, dexamethasone) regimen, with the aim
of deepening remission and conducting a second cy-
cle of AHSCT. The second cycle of this therapy is now
in progress. The patient’s overall survival to date is 20
months.

Case report 2

In a 40-year-old female patient, the disease manifested
as sudden paraparesis, in 2012. An MRl examination of
the spine was performed, which revealed infiltration
of the Th4 vertebral body with extraosseous paraver-
tebral and epidural propagation, significant stenosis
of the lumen of the vertebral canal, and consequent
compression of the spinal cord. In July 2012, at the In-
stitute of Orthopedic Surgery Banjica, decompression
and stabilization of the Th3-5 thoracic spine segment
were performed, along with a biopsy of the infiltrated
Th4 body. A well-differentiated plasmacyte was veri-
fied pathohistologically. A complete diagnostic work-
up was carried out at the Institute of Oncology and
Radiology of Serbia. Bone marrow biopsy showed an
80% pathological plasma cell infiltration. Monoclonal
light kappa chains were detected with electrophoresis
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godine, sprovedena je palijativna radioterapija za-
hvacenog prsljena sa 40 Gy u 20 frakcija. Otpoceta je
sistemska terapija po CTD protokolu (ciklofosfamid,
talidomid, deksametazon); ordinirano je osam ciklusa
sa postignutom parcijalnom remisijom (infiltracija ko-
Stane srzi sa 40% patoloskih plazmocita; pad vredno-
sti kappa lanaca za 50%). Usledila je terapija odrzava-
nja talidomidom u trajanju od 10 meseci. U junu 2014.
godine, dolazi do razvoja neuroloskih simptoma u
vidu glavobolja, diplopije i nestabilnosti pri hodu.
Zbog klinicke sumnje na diseminaciju u CNS ucinje-
na je kompletna dijagnosticka obrada; radiografski
su opisane difuzne fokalne lezije lobanje uz progre-
siju nalaza na torakalnim i lumbalnim kicmenim pr-
$ljenovima. Na MR pregledu endokranijuma opisana
je mekotkivna tumorska promena fronto-parijetalno
levo sa infiltracijom mozdanog parenhima. U daljem
toku je sprovedena zrana terapija endokranijuma u
pet frakcija. Lecenje je nastavljeno po PAD protokolu
(bortezomib, doksorubicin, deksametazon), ordini-
rano je sedam ciklusa sa efektom progresije bolesti.
Smrtni ishod nastupio je jula 2016. godine. Ukupno
prezivljavanje iznosilo je 48 meseci, dok je prezivlja-
vanje od dijagnoze infiltracije centralnog nervnog si-
stema do smrtnog ishoda bilo 25 meseci.

DISKUSLJA

Uvidom u dostupnu literaturu ustanovljeno je da u ve-
¢ini studija medijana starosti iznosi preko 60 godina
sto korelira sa predilekcionom zZivotnom dobu za na-
stanak multiplog mijeloma u op3stoj populaciji [11,12].
Medutim, nekoliko studija je pokazalo da se CNS-MM
moze javiti i kod mladih pacijenata [1,5,13,14]. U studiji
Cena i saradnika, medijana starosti je iznosila 53 godi-
ne [4]. Kod nase pacijentkinje je bolest dijagnostikova-
na u 40. godini Zivota, $to je ¢ini jednom od najmladih
pacijenata sa dijagnostikovanim CNS-MM-om u litera-
turi. Obolevanje u mladem zivotnom dobu moze biti
povezano sa agresivnijim tokom bolesti. Bolest se do-
minantno javlja kod Zzenskog pola [14].

Infiltracija centralnog nervnog sistema se, u
vecini sluCajeva, vida u relapsu/progresiji bolesti
[4,5,7,9,10,13], medutim, u malom broju studija je kod
veceg broja pacijenata dijagnostikovana inicijalno
[14]. Ono 3to ovaj entitet Cini terapijskim izazovom u
slu¢ajevima javljanja u kasnijem toku bolesti jeste re-
fraktornost na prethodno primenjeno lec¢enje. Agre-
sivnijem klinickom toku doprinosi i postojanje visoko
rizicnih citogenetskih mutacija od kojih su delecija
13q i delecija 17p naj¢esce [15]. Cang i saradnici su u
svojoj studiji dokazali deleciju 17p kod 89% pacijena-
ta [10], dok su Durcisin i saradnici otkrili deleciju 13q
kod 39%, a deleciju 17p kod 23% pacijenata [9]. Kod

and immunofixation of serum and urine. Cytogenetic
FISH analysis was not performed. A diagnosis of mul-
tiple myeloma BJ kappa, CS llIA, ISS 2 was established.
In August and September of the same year, palliative
radiotherapy of the affected vertebra with 40 Gy in 20
fractions was performed. The patient was put on sys-
temic therapy with the CTD regimen (cyclophospha-
mide, thalidomide, dexamethasone) - she underwent
eight cycles achieving partial remission (infiltration
of the bone marrow with 40% of pathological plasma
cells; decrease in the value of kappa chains by 50%).
This was followed by maintenance thalidomide ther-
apy for 10 months. In June 2014, the patient devel-
oped neurological symptoms - headaches, diplopia,
and unsteady gait. Due to the clinical suspicion of CNS
involvement, a complete diagnostic work-up was per-
formed. Radiographically, diffuse focal lesions of the
skull were described with progression to the thoracic
and lumbar spinal vertebrae. MRl examination of the
endocranium revealed a soft tissue tumorous lesion in
the left frontoparietal area with infiltration of the brain
parenchyma. In the further course, radiation therapy
of the endocranium was carried out in five fractions.
The patient was treated with seven cycles of the PAD
protocol (bortezomib, doxorubicin, dexamethasone),
resulting in disease progression. In July 2016, the dis-
ease ended in a fatal outcome. The overall survival of
the patient was 48 months, while her survival time
from diagnosis of central nervous system involvement
until death was 25 months.

DISCUSSION

Areview of the currently available literature reveals that
in most studies the median age of patients is above 60
years, which correlates with the predilection age for the
onset of multiple myeloma in the general population
[11,12]. However, several studies have shown that CNS-
MM can occur in younger patients as well [1,5,13,14].In
a study by Chen et al.,, the median age was 53 years [4].
Our patient was diagnosed with the disease at the age
of 40, which makes her one of the youngest patients
diagnosed with CNS-MM documented in literature.
The onset of CNS-MM at a younger age may be associ-
ated with a more aggressive course of the disease. The
disease predominantly occurs in women [14].
Infiltration of the central nervous system is, in
most cases, seen in relapse/progression of the disease
[4,5,7,9,10,13]. However, a small number of studies
show it being diagnosed at the onset in a larger num-
ber of patients [14]. What makes this entity a therapeu-
tic challenge in its late stage is its refractoriness to pre-
viously applied treatment. The presence of high-risk
cytogenetic mutations contributes to a more aggres-

SERBIAN JOURNAL OF THE MEeDIcAL CHAMBER | Volume 5/ No. 3 | September 2024

455



MULTIPLI MIJELOM SA DISEMINACIJOM U CENTRALNI NERVNI SISTEM — PRIKAZ SERIJE SLUCAJA

Koji¢ A.isar.

MULTIPLE MYELOMA WITH CENTRAL NERVOUS SYSTEM INVOLVEMENT — CASE SERIES

jedne od nasih pacijentkinja otkrivena je delecija 13q,
dok kod druge pacijentkinje, u vreme dijagnostikova-
nja, citogenetska analiza nije spadala u dijagnosticki
standard. Na agresivniji tok bolesti i potencijalnu di-
seminaciju u CNS moze ukazati i povisena vrednost
laktat-dehidrogenaze (LDH) koja je jedan od parame-
tara R-ISS sistema bodovanja (engl. Revised Internati-
onal Staging System) [16]. Nasa druga pacijentkinja je
imala inicijalno visestruko povisenu vrednost LDH, ali
zbog nedostatka FISH analize, R-ISS skor nije bilo mo-
guce izraCunati.

Klinickom slikom moze da dominira spektar ne-
uroloskih deficita, kao posledica infiltracije kicmene
mozdine, kicmenih korenova, mozdanih ovojnica ili
mozdanog parenhima. Kod polovine pacijenata, do-
minantni simptom je glavobolja pra¢ena vizuelnim
smetnjama [14], $to je bila manifestacija bolesti jedne
od nasih pacijentkinja. Neuroloska simptomatologija
moze biti povezana sa metaboli¢kim stanjem, najce-
$¢e hiperkalcemijom, sto je cesto inicijalna manife-
stacija novodijagnostikovanog multiplog mijeloma
[17,18].

Standard lecenja nije jasno definisan i zasniva se na
iskustvima sa malim brojem pacijenata. Osim niske in-
cidencije, infiltracija CNS-a Cesto predstavlja kriterijum
za iskljucivanje iz velikih studija koje su usmerene na
ispitivanje novih terapijskih modaliteta u leCenju mul-
tiplog mijeloma [2,8,14]. Okosnicu sistemskog le¢enja
¢ine monoklonska antitela i imunomodulatori koji, za
razliku od najc¢edce koris€enih inhibitora proteazoma,
prolaze hematoencefalnu barijeru [19-22]. Radiote-
rapija, kao lokalna terapija, ima najvecu primenu u
brzoj kontroli neuroloskih simptoma [23]. Transplan-
tacija mati¢nih celija hematopoeze predstavlja stan-
dard le¢enja kod novodijagnostikovanih pacijenata sa
multiplim mijelomom koji ispunjavaju kriterijume za
transplantaciju, ali u ovoj ograni¢enoj grupi pacijenata
njena efikasnost, nacin i vieme sprovodenja nisu jasno
definisani. Razlog za to jesu kratko vreme prezivljava-
nja, efikasnost kondicionih rezima u pogledu penetra-
cije hematoencefalne barijere i o¢ekivane komplikacije
same procedure [24,25].

Medijana ukupnog prezivljavanja se razlikuje medu
studijama i u dostupnoj literaturi se krece od dva do 40
meseci [3,6,9]. Razlike u mOS-u su posledica vremena
javljanja infiltracije CNS-a, kao i lokalizacije bolesti. U
GIMEMA studiji je pokazano da su bolje prezivljavanje
imali pacijenti sa osteoduralnom infiltracijom (mOS 25
meseci) naspram pacijenata sa leptomeningealnom
infiltracijom (mOS 6 meseci) [6]. Kod nasih pacijentki-
nja mOS iznosi 34 meseca, dok mOS od momenta dija-
gnostikovanja infiltracije CNS-a iznosi 22,5 meseca, $to
korelira sa podacima o prezivljavanju pacijenata koji

sive clinical course, of which 13q deletion and 17p de-
letion are the most common [15]. In their study, Chang
et al. demonstrated a 17p deletion in 89% of patients
[10], while Jurczyszyn et al. found a 13q deletion in
39% and a 17p deletion in 23% of patients [9]. In one of
our patients, a 13q deletion was detected, while in the
other patient, at the time of diagnosis, the cytogenet-
ic analysis did not fall within the diagnostic standard.
An increased value of lactate dehydrogenase (LDH),
which is one of the parameters of the R-ISS scoring sys-
tem (Revised International Staging System) [16], can
also indicate a more aggressive course of the disease
and potential CNS involvement. Initially, our second
patient had a multiply elevated LDH level, but due to
the lack of FISH analysis, the R-ISS score could not be
calculated.

The clinical presentation can be dominated by an
array of neurological deficits, resulting from an infiltra-
tion of the spinal cord, spinal roots, meninges, or brain
parenchyma. In half of the patients, the dominant
symptom is headache accompanied by visual distur-
bance [14], which was the manifestation of the disease
in one of our patients. Neurological symptomatology
can be related to the metabolic state, most often hy-
percalcemia, which is often the initial manifestation of
newly diagnosed multiple myeloma [17,18].

The standard of treatment is not clearly defined
and is based on experience with a small number of
patients. Apart from low incidence, CNS involvement
is often an exclusion criterion for large studies aimed
at investigating new therapeutic modalities in the
treatment of multiple myeloma [2,8,14]. The basis of
systemic treatment consists of monoclonal antibod-
ies and immunomodulators, which, unlike the most
commonly used proteasome inhibitors, can cross the
blood-brain barrier [19-22]. Radiotherapy, as a lo-
cal therapy, is mostly applied in the rapid control of
neurological symptoms [23]. Hematopoietic stem cell
transplantation represents the standard of treatment
in newly diagnosed patients with multiple myeloma
who are eligible for transplantation, however, in this
limited group of patients, its effectiveness, as well as
its method and time of administration, are not clearly
defined. The reason for this is the short survival time,
the effectiveness of conditioning regimens in terms of
penetration of the hematoencephalic barrier, and the
expected complications of the procedure itself [24,25].

Median overall survival varies among studies and
ranges from two to 40 months in the available liter-
ature [3,6,9]. Differences in mOS are the result of the
time of occurrence of CNS infiltration, as well as the lo-
calization of the disease. In the GIMEMA study, it was
shown that patients with osteodural infiltration (mOS
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nisu imali leptomeningealnu infiltraciju.

S obzirom na nisku incidenciju javljanja infiltracije
CNS-a, ali agresivnu i prirodu brze progresije, potreb-
no je svaki novonastali neuroloski simptom detaljno
evaluirati. Poseban diferencijalno dijagnosticki izazov
predstavlja neurotoksi¢nost sistemske terapije. Kod
nase pacijentkinje kod koje se diseminacija u CNS ja-
vila u relapsu bolesti, neuroloska manifestacija je di-
ferencijalno dijagnosti¢ki mogla odgovarati i neuro-
toksi¢nosti primenjene terapije. U literaturi je opisano
nekoliko sluc¢ajeva razvoja progresivne multifokalne
leukoencefalopatije (PML) tokom primene daratumu-
maba [21]. Najulestalija neurotoksi¢nost inhibitora
proteazoma i imunomodulatora je periferna neuro-
patija [26,27], posebno tokom kombinovane primene.
Trombocitopenije i protrombogena stanja izazvana
imunomodulatorima mogu, u retkim slucajevima, biti
neposredno povezane sa simptomatologijom mozda-
nog udara [28].

ZAKLJUCAK

lako redak entitet, CNS-MM predstavlja veliki dijagno-
sticki, klinicki i terapijski izazov koji iziskuje dalja ispiti-
vanja u cilju produzetka prezivljavanja obolelih.

Sukob interesa: Nije prijavljen.

25 months), compared to patients with leptomen-
ingeal infiltration (mOS 6 months), had a better sur-
vival time [6]. In our patients, the mOS is 34 months,
while the mOS from the moment of diagnosis of CNS
involvement is 22.5 months, which correlates with the
survival data of patients who did not have leptomen-
ingeal infiltration.

Given the low incidence of CNS involvement, but
also the aggressive nature of its rapid progression, it
is necessary to evaluate each new neurological symp-
tom in detail. The neurotoxicity of systemic therapy
is a particular differential diagnostic challenge. In our
patient, in whom CNS involvement occurred during
the relapse of disease, the neurological manifestation
could also correspond to the neurotoxicity of the ad-
ministered therapy. Several cases of the development
of progressive multifocal leukoencephalopathy (PML)
during the administration of daratumumab have been
described in literature [21]. The most common neuro-
toxicity of proteasome inhibitors and immunomod-
ulators is peripheral neuropathy [26,27], especially
during combined administration. Thrombocytopenia
and prothrombogenic states caused by immunomod-
ulators can, in rare cases, be directly related to stroke
symptomatology [28].

CONCLUSION

Although a rare entity, CNS-MM represents a major
diagnostic, clinical, and therapeutic challenge that
requires further investigation for the purpose of pro-
longin the survival time of patients.
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SAZETAK

Uvod: Medijana prezivljavanja (0S) pacijenata sa primarnom mijelofibrozom
(PMF) niskog rizika je preko 15 godina, ali prema ,MOST” prospektivnoj studiji,
progresiju bolesti ima skoro 60% ovih pacijenata.

Cilj: Predstaviti tok bolesti i lecenje pacijenata sa PMF-om niskog rizika.

Prikaz slucajeva: Svi pacijenti suimali utvrdenu PMF, medunarodni prognostic-
ki skoring sistem (IPSS) niskog rizika i normalnu pocetnu citogenetiku.

Slucaj 1: Pacijent, muskarac starosti 61 godina, primljen je u maju 2016. godine
saTr772x10°/L, LDH 566U/L, bez splenomegalije, JAK2V617F+. Prvobitno je lecen
hidroksiureom (HU) od 2016. do 2020. godine. Od 2021. godine uveden je rukso-
litinib zbog razvoja splenomegalije i leukocitoze, uz progresiju bolesti 18 meseci
kasnije (slezina 26¢m, PIt 20x10°/L, 10% blasta u srZi, slozen kariotip: -5, del 7q,
mar-+). Uveden je azacitidin, ali zbog sepse dolazi do smrtnog ishoda u oktobru
2022. godine. 0S je 66 meseci.

Slucaj 2: Pacijentkinja, Zena starosti 47 godina, primljena je u julu 2011. godine
sa Tr 899x107/L, LDH 899U/L, slezinom 15x7cm, JAk2V617F+, ASXL-+. Inicijalno je
lecena sa HU, a od oktobra 2013. godine ruxolitinibom, zbog progresije spleno-
megalije (slezina 19,3cm, LDH 1881U/L), uz potonju normalizaciju velicine slezine,
broja Tri LDH. Pacijentkinja je u remisiji. 0S je 126 meseci.

Slucaj 3: Pacijent, muskarac starosti 64 godine, primljen je u maju 2012. godine
sa Tr 1457x10°/L, LDH 631U/L, grani¢nom splenomegalijom, JAk2V617F-, MPL+,
SRSF2+, U2AF1+, ASXL1+- Inicijalno je lecen sa HU (maj 2012. godine), a od aprila
2019. godine danazolom zbog pojave transfuzione zavisnosti. Zbog sréane insufi-
cijencije, smrtni ishod je nastupio u februaru 2020. godine. 0S je 96 meseci.
Zakljucak: Neki pacijenti sa PMF-om niskog rizika imaju progresiju bolesti, a
buduca istraZivanja ¢e pokazati da li rana sekvencioniranja sledece generacije
(NGS) analiza non-driver mutacija i rano uvodenje terapije doprinose promeni
toka bolesti.

Kljucne reci: mijeloproliferativna neoplazma, primarna mijelofibroza, prognoza
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ABSTRACT

Introduction: The median survival (0S) of patients with low-risk primary my-
elofibrosis (PMF) is over 15 years, but according to the “MOST” prospective study,
disease progression occurs in almost 60% of these patients.

Aim: to present the disease course and treatment outcome of patients with low-
risk PMF.

Case report: All patients were diagnosed with PMF, low-risk International Prog-
nostic Scoring System (IPSS), and normal initial cytogenetics.

Case 1: A 61-year-old male patient was admitted in May 2016 with Tr 772x10°/L,
LDH 566U/L, no splenomegaly, JAK2V617F+. He was initially treated with hy-
droxyurea (HU) from 2016 to 2020. In 2021, he was introduced to ruxolitinib due
to the development of splenomegaly and leukocytosis, with disease progression
18 months later (spleen 26cm, Pt 20x10%/L, 10% blasts in the marrow, complex
karyotype: -5, del 7q, mar+). Azacitidine was introduced, but death occurred due
to sepsis in October 2022. 0S is 66 months.

Case 2: A 47-year-old female patient was admitted in July 2011 with Tr 899x10°/L,
LDH899U/L, spleen 15x7cm, JAk2V617F+, and ASXL+. She was initially treated with
HU and has been treated with ruxolitinib since October 2013 due to the progression
of splenomegaly (spleen 19.3cm, LDH 1881U/L), with subsequent normalization of
spleen size, number of Tr, and LDH. The patient is in remission. 0S is 126 months.
Case 3: A 64-year-old male patient was admitted in May 2012 with Tr 1457x10°/L,
LDH 631U/L, borderline splenomegaly, JAK2V617F-, MPL+, SRSF2+, U2AF1+,
ASXL1+. He was initially treated with HU (May 2012) and since April 2019 with
danazol due to the emergence of transfusion dependence. Due to heart failure,
death occurred in February 2020. 0S is 96 months.

Conclusion: Some patients with low-risk PMF have disease progression and fu-
ture studies will show whether early Next Generation Sequencing (NGS) analysis
of non-driver mutations and early initiation of therapy contribute to changing
the course of the disease.
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uvoD

Primarna mijelofibroza (PMF) predstavlja steceni klo-
nalni poremecaj mati¢ne celije hematopoeze uz ab-
normalnu proliferaciju mijeloidnih ¢elija. PMF je Bcr-
Abl (Breakpoint cluster region protein-Abelson tyrosi-
ne-protein kinase, eng.) negativna mijeloproliferativ-
na neoplazma (MPN) [1,2]. Karakterise se prisustvom
konsitucionalnih simptoma, splenomegalijom usred
ekstramedularne hematopoeze i mogucénoséu razvoja
leukemijske transformacije [1]. Vecina pacijenata ima
prisutnu mutaciju gena za Janus kinazu (JAK)2/V617F)
[3]. Dijagnoza PMF se odreduje prema ICC kriterijumi-
ma (2022.). Prisustvo nukleiranih eritrocita, nezrelih
granulocita i dakriocita je tipi¢no, ali prefibroti¢ni
PMF ne mora da pokaze jasnu leukoeritroblastozu. Fi-
broza kostane srzi je obi¢no povezana sa mutacijama
JAK2, CALR ili MPL mutacijama. Kariotip najcesce po-
kazuje abnormalnosti po tipu +9, del(13k), del(20k) i
hromozoma br 1 [4-6]. Prognosti¢ki model baziran je
na razvoju medunarodnog prognosti¢kog skoring si-
stema (IPSS) iz 2009. godine, koji se koristi u inicijalnoj
dijagnostici i uklju¢uje starost >65god., hemoglobin
<100g/1, Le >25x10%/I, prisustvo > 1% cirkulisu¢ih bla-
sta i razvoj konstitucionih simptoma. U zavisnosti od
broja prisustnih Stetnih faktora, pacijenti su statifiko-
vani u grupe niskog, srednjeg-1, srednjeg-2 i visokog
rizika bolesti [7]. DIPSS (dinamicki IPSS skor) koristi
iste prognosticke varijable, ali je primenljiv bilo kad
u toku bolesti [8]. Konvencionalni tretman je ograni-
¢enog uticaja na prezivljavanje pacijenata i ukljucuje
“watch and wait” za asimptomatske pacijente, stimu-
latore eritropoeze, androgene ili imunomodulatore
za anemiju, primenu citoreduktivnih lekova (hidrok-
siurea kod razvoja splenomegalije i konstitucionalnih
simptoma), u pojedina¢nim slu¢ajevima i splenekto-
miju ili radioterapiju [9]. Ciljana molekularna terapija
(JAK inhibitori) je efikasna i kod JAK2+ i JAK2- pacije-
nata. Ruksolitinib je terapija izbora za PMF sa spleno-
megalijom i/ili razvojem konstitucionalnih simptoma.
Alogena transplantacija mati¢nih celija ostaje jedini
nacin izle¢enja PMF, ali je ogranicena na pacijente sa
visokim i srednjim 2 rizikom. U toku su mnoge stu-
dije kombinacije JAK inhibitora sa drugim agensima
[9]. Vise studija je pokazalo da lec¢enje mijelofibroze
u ranijem toku bolesti, dok je pacijent niskog, ili sred-
njeg-1 rizika ili $to je pre moguce ukoliko ima srednji
i visoki rizik, rezultira ve¢om relativnom efikasnoscu i
manjom toksi¢nosc¢u u poredenju sa kasnijim zapoci-
njanjem le¢enja [10]. Cilj ovog rada je bio da prikaze-
mo bolesnike sa PMF niskog stepena rizika, kod kojih
je doslo do bioloske progresije bolesti, i da istaknemo
njihove klin¢ke i bioloske karakteristike.

INTRODUCTION

Primary myelofibrosis (PMF) is an acquired clonal dis-
order of hematopoietic stem cells with abnormal pro-
liferation of myeloid cells. PMF is a Bcr-Abl (Breakpoint
cluster region protein-Abelson tyrosine-protein kinase,
Eng.) negative myeloproliferative neoplasm (MPN)
[1,2].1tis characterized by the presence of constitution-
al symptoms, splenomegaly in the midst of extramed-
ullary hematopoiesis, and the possibility of leukemic
transformation [1]. Most patients have a Janus kinase
gene mutation (JAK)2/V617F) [3]. The diagnosis of PMF
is determined according to the ICC criteria (2022). The
presence of nucleated erythrocytes, immature granu-
locytes, and dacryocytes is typical, but prefibrotic PMF
does not necessarily show clear leukoerythroblastosis.
Bone marrow fibrosis is usually associated with JAK2,
CALR, or MPL mutations. The karyotype most often
shows abnormalities of type +9, del(13k), del(20k), and
chromosome number 1 [4-6]. The prognostic model is
based on the development of the International Prog-
nostic Scoring System (IPSS) from 2009, which is used
in the initial diagnosis and includes age >65 years,
hemoglobin <100g/l, Le >25x10%/I, presence > 1% of
circulating blasts and development of constitutional
symptoms. Depending on the number of harmful fac-
tors present, patients were stratified into groups of low,
medium-1, medium-2, and high risk of the disease [7].
DIPSS (dynamic IPSS score) uses the same prognostic
variables but is applicable at any time during the dis-
ease [8]. Conventional treatment has a limited impact
on patient survival and includes “watch and wait” for
asymptomatic patients, erythropoiesis stimulators, an-
drogens or immunomodulators for anemia, the use of
cytoreductive drugs (hydroxyurea in the development
of splenomegaly and constitutional symptoms), and in
individual cases, splenectomy or radiotherapy [9]. Tar-
geted molecular therapy (JAK inhibitors) is effective in
both JAK2+ and JAK2- patients. Ruxolitinib is the ther-
apy of choice for PMF with splenomegaly and/or the
development of constitutional symptoms. Allogeneic
stem cell transplantation remains the only cure for PMF
but is limited to high- and intermediate-2-risk patients.
Many studies of the combination of JAK inhibitors
with other agents are underway [9]. Several studies
have shown that treatment of myelofibrosis earlier in
the course of the disease, while the patient is at low
or intermediate-1 risk, or as early as possible if he has
intermediate and high risk, results in greater relative
efficacy and less toxicity compared to later initiation
of treatment [10]. This work aimed to present patients
with low-risk PMF, in whom biological progression of
the disease occurred, and to highlight their clinical and
biological characteristics.
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PRIKAZI SLUCAJEVA
Prvi slucaj

Kod pacijenta, muskog pola, starosti 61 godinu, u maju
2016. godine u krvnoj slici konstatovana je leukocitoza
i trombocitoza (Hb 158 g/L, MCV 90fl, Le 12,9x10°/L, Tr
792x10%L, u diferencijalnoj formuli neutrofili 66%, lim-
fociti 26%, bez leukoeritroblastoze), a u biohemijskim
analizama povisen LDH (556U/L). Ultrazvuk abdomena
nije pokazao prisustvo splenomegalije. Pacijent nije
imao nikakve tegobe na prikazu. U sprovedenoj hema-
toloskoj dijagnostici, nalaz bioptata kostane srZi poka-
zao je fibrozu gr |, uocen je spontani razvoj formacija
eritroidnih kolonija, konvencionalna citogenetika je
bila uredna (20 metafaza). Konstatovana je JAK2V617F
mutacija (PCR). Nivo serumskog eritropetina bio je ure-
dan. Postavljena je dijagnoza prefibroti¢cnog PMF-a, ni-
skog stepena rizika prema IPSS skoru, uz MPN 10 skor
10/100.

Uz primenu acetilsalicilne kiseline od 100 mg per
os dnevno, po sprovednoj dijagnostici i daljoj progre-
siji trombocitoze i leukocitoze, zapoceto je (jun 2016.
godine) le¢enje hidroksiureom (HU), 500 mg per os
dnevno, u periodu 2016. do 2020. godine. Decembra
2019. godine, kontrolni ultrazvuk abdomena i dalje je
bio uredan. Medutim, u avgustu 2020. godine (53 me-
seca od dijagnoze PMF) konstatovana je progresija le-
ukocitoze (30x10%1, uz Hb 129g/L i Tr 161x10%/L), te je
doza HU eskalirana na 1000 mg per os dnevno. Oktobra
2020. godine (55 meseci od dijagnoze PMF) pacijent
prijavljuje mucninu, gubitak od 5 kg telesne teZine za
mesec dana, no¢no znojenje i preznojavanje. Konstan-
tovana je dalja progresija leukocitoze (50x10°/L, 3%
blasta u perifernom razmazu) i porast LDH (1627 U/L).
Doza HU je eskalirana na 1500 mg per os dnevno, uz
potonju pojavu trombocitopenije.

U oktobru 2020. godine sprovedena je hemato-
loska reevaluacija. Aspiraciona punkcija nije pokazala
akutnu transformaciju MPN-a (2% blasta). U bioptatu
kostane srzi uocena je fibroza gr Il, 4% CD34+ celija.
Nalaz konvencionalne citogenetike u 20 mitoza bio je
uredan. Konstatovano je prisustvo PMF-a, intermedi-
jarnog-2 rizika prema DIPSS skoru, MPN skor 19/100.
U februaru 2021. godine radiografski je konstatovana
dalja progresija splenomegalije (22,2 cm), bez splah-
ni¢ne tromboze. Uveden je Ruxolitinib® u dozi 2x20 mg
per os dnevno, a mesec dana kasnije, zbog leukocitoze
146x10%/1 (uz Hb 120 g/L i Tr 101x10%1), ponovo je do-
data HU (500 mg per os dnevno). Nakon 18 meseci od
pocetka primene ruksolitiniba (avgust 2022. godine),
konstatovana je dalja progresija bolesti (produbljiva-
nje trombocitopenije, progresija splenomegalije do
26 cm), uz pojavu aberantnog kariotipa sa 2 nezavisna

CASE REPORTS
First case

In a patient, male, age 61, in May 2016, leukocytosis
and thrombocytosis were found in the blood count
(Hb 158 g/L, MCV 90fl, Le 12.9x10%/L, Tr 792x10%/L, in
the differential formula neutrophils 66%, lymphocytes
26%, without leukoerythroblastosis), and in biochem-
ical analyzes elevated LDH (556U/L). Abdominal ultra-
sound did not show the presence of splenomegaly.
The patient did not have any symtoms during the ex-
amination. In the performed hematological diagnosis,
the findings of the bone marrow biopsy showed fibro-
sis gr |, spontaneous development of erythroid colony
formations was observed, and conventional cytoge-
netics was normal (20 metaphases). JAK2V617F mu-
tation was detected (PCR). The serum erythropoietin
level was average. A diagnosis of prefibrotic PMF, low
risk according to the IPSS score, with an MPN 10 score
of 10/100, was made.

Along with the use of acetylsalicylic acid of 100 mg
per body per day, after the implementation diagnosis
and further progression of thrombocytosis and leuko-
cytosis, treatment with hydroxyurea (HU), 500 mg per
body per day, was started (June 2016), in the period
from 2016 to 2020. In December 2019, the follow-up
abdominal ultrasound was still normal. However, in
August 2020 (53 months after the diagnosis of PMF),
a progression of leukocytosis was noted (30x10%L,
with Hb 129 g/L and Tr 161x10%1), and the dose of
HU was escalated to 1000 mg per person per day. In
October 2020 (55 months after the diagnosis of PMF),
the patient reported nausea, weight loss of 5 kg in one
month, night sweats, and sweating. Further progres-
sion of leukocytosis (50x10%/L, 3% blasts in peripheral
smear) and LDH increase (1627 U/L) were constant. The
dose of HU was escalated to 1500 mg per os per day,
with the subsequent occurrence of thrombocytopenia.

In October 2020, a hematological reevaluation
was carried out. Aspiration puncture showed no acute
transformation of MPN (2% blasts). In the bone mar-
row biopsy, fibrosis grade Il was observed in 4% CD34+
cells. The findings of conventional cytogenetics in 20
mitoses were normal. The presence of PMF, intermedi-
ate-2 risk, according to the DIPSS score, and the MPN
score of 19/100 was established. In February 2021, fur-
ther progression of splenomegaly (22.2 cm) was de-
tected radiographically, without splenic thrombosis.
Ruxolitinib® was introduced at a dose of 2x20 mg per
body per day, and a month later, due to leukocytosis
146x10%/1 (with Hb 120 g/L and Tr 101x10%1), HU was
added again (500 mg per os per day). After 18 months
from the start of ruxolitinib administration (August
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klona (-5, del 7qg, +mar). Ponovljena aspiracija srzi po-
kazala je 10% blasta u srzi. Kod pacijenta je zapoceto
leCenje primenom azacitidina, ali usled pojave septic-
nog stanja sa razvojem septi¢nog $oka dolazi do letal-
nog ishoda u oktobru 2022. godine. Period ukupnog
prezivljavanja (OS, Overall Survival, eng.) je iznosio 66
meseci.

Drugi slucaj

Pacijentkinja starosti 47 godina javila se hematologu u
julu2011. godine zbog pojave priritusa i abdominalnog
bola, kao i nalaza krvne slike (Hb 128 g/L, MCV 89fL, Le
8.7x10%/L, Tr 772x10%/1, u diferencijalnoj formuli neutro-
fili 66%, limfociti 25%, monociti 5%, bez leukoeritrobla-
stoze). U laboratorijskim analizama LDH je iznosio 899
U/L. Inicijalni ultrazvuk abdomena pokazao je slezinu
promera 15x7cm. Sprovedena je hematoloska dijagno-
stika. U bioptatu kostane srzi uocena je fibroza Gr |, bio
je pozitivan spontani razvoj formacija eritroidnih kolo-
nija, a konvencionalna citogenetika bila je uredna (u 4
analizirane metafaze- nizak mitotski indeks). Konsta-
tovana je JAK2V617F mutacija-homozigot (PCR). NGS
(Next Generation Sequencing- mutacioni panel Prof.
Skode) analiza utvrdila je prisustvo ASXL1 mutacije.
Nivo serumskog eritropoetina je bio uredan. Konstato-
vana je dijagnoza prefibroti¢cnog PMF, niskog stepena
rizika prema IPSS skoru, MPN 10 skor 25/100.

Inicijalno je uvedena acetilsalicilna kiselina (100
mg per os dnevno), a od jula 2012. godine je uvedena
HU (500mg per os dnevno), s obzirom na progresivnu
splenomegaliju (18x7cm) i porast LDH (1221U/L). Tada
je utvrdeno prisustvo intermedijarnog-1 rizika prema
DIPSS skoru. U oktobru 2013. godine pacijentkinja pri-
javljuje malaksalost, no¢no znojenje, preznojavanje i
ponovnu pojavu abdominalnog bola. Slezina se palpi-
rala do nivoa umbilikusa. U krvnoj slici Hb 130x10%L,
Le 13x10%I, Tr 563x10%/L, postoji tendencija daljeg ra-
sta LDH (1881U/L), uz uredne druge zapaljenske para-
metre. Kontrolni ultrazvuk abdomena pokazao je dalju
progresiju splenomegalije (19,3x7,5cm). Pacijentkinja
nije bila motivisana za rebiopsiju kostane srzi. Kon-
statovano je i dalje prisustvo intermedijarnog-1 rizika
(DIPSS), uz porast MPN 10 skora na 36/100.

Istog meseca je uveden ruxolitinib u dozi od 2x20
mg per os dnevno (u okviru “compassionate” progra-
ma). U daljem toku le¢enja ruxolitinibom dolazi do
potpune regresije splenomegalije (13x5 ¢cm februara
2015. godine), uz potpunu laboratorijskih parametara.
Na poslednjoj kontroli, u januaru 2024. godine (i dalje
ruxolitinib 2x20 mg per os dnevno), u krvnoj sliciHb 124
g/L, Le 4.2x10%I1, Tr 413x10%1. LDH 478U/L. Poslednji
ultrazvuk abdomena je pokazao promer slezine 10x3
cm. Pacijentkinja nije prijavljivala tegobe na poslednjoj

2022), further progression of the disease was noted
(deepening thrombocytopenia, progression of spleno-
megaly up to 26 cm), with the appearance of an aber-
rant karyotype with 2 independent clones (-5, del 7q,
+mar). A repeat marrow aspiration showed 10% blasts
in the marrow. The patient started treatment with azac-
itidine, but due to the appearance of a septic condition
with the development of septic shock, the patient died
in October 2022. The overall survival (OS) period was
66 months.

Second case

A 47-year-old patient consulted a hematologist in July
2011 due to the appearance of pruritus and abdomi-
nal pain, as well as blood count findings (Hb 128 g/L,
MCV 89fL, Le 8.7x10°/L, Tr 772x10%/, in the differential
formula neutrophils 66%, lymphocytes 25%, mono-
cytes 5%, without leukoerythroblastosis). In laboratory
analyses, LDH was 899 U/L. The initial abdomen ultra-
sound showed a spleen with a diameter of 15x7cm. A
hematological diagnosis was carried out. In the bone
marrow biopsy, Gr | fibrosis was observed, there was a
positive, spontaneous development of erythroid colony
formations, and conventional cytogenetics were normal
(metaphase in 4 analyzed - low mitotic index). JAK2V617F
mutation-homozygote was established (PCR). NGS (Next
Generation Sequencing - Prof. Skoda mutation panel)
analysis determined the presence of ASXL1 mutation.
The serum erythropoietin level was average. The diag-
nosis of prefibrotic PMF, low risk, according to the IPSS
score, and MPN 10 score 25/100 was established.
Acetylsalicylic acid (100 mg per os per day) was ini-
tially introduced, and from July 2012, HU (500 mg per os
per day) was introduced, considering progressive sple-
nomegaly (18x7cm) and an increase in LDH (1221U/L).
Then, the presence of intermediate-1 risk was deter-
mined according to the DIPSS score. In October 2013,
the patient reported malaise, night sweats, sweating,
and the recurrence of abdominal pain. The spleen was
palpated up to the level of the umbilicus. In the blood
count, Hb 130x10%/L, Le 13x10%/1, Tr 563x10%/L, there is
a tendency for further growth of LDH (1881U/L), along
with normal other inflammatory parameters. Control
ultrasound of the abdomen showed further progres-
sion of splenomegaly (19.3x7.5 cm). The patient was
not motivated to undergo a bone marrow rebiopsy. The
presence of intermediate-1 risk (DIPSS) was still estab-
lished, with an increase in the MPN 10 score to 36/100.
In the same month, ruxolitinib was introduced at
a dose of 2x20 mg per os per day (within the “compas-
sionate” program). In further treatment with ruxolitinib,
there is a complete regression of splenomegaly (13x5
cm in February 2015), with complete laboratory pa-
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kontroli. Pacijentkinja je u stabilnoj remisiji osnovne
bolesti. Period bez progresije bolesti iznosi 126 meseci.
Dalje pracenje uz nastavak ruxolitiniba je u toku.

Tredi slucaj

Pacijent muskog pola, starosti 64 godine, inicijalno se
javio hematologu u maju 2012. godine zbog nalaza
trombocitoze u krvnoj slici, uz podatak da je za povise-
ne trombocite znao od novembra 2010. godine (tada
Tr 989x10%/L), ali se nije ispitivao. Prilikom pregleda,
u krvnoj slici su registrovani Hb 107g/L, MCV 82fl, Le
11,2x10%/L, Tr 1457x10%/1, u diferencijalnoj formuli ne-
utrofili 62%, limfociti 20%, monociti 5%. U laboratorij-
skim nalazima LDH je iznosio 631U/L, a feritin 9 ugL,
uprkos prethodnoj primeni oralnih preparata gvozda.
Ultrazvuk abdomena iz maja 2012. godine pokazao je
slezinu veli¢ine 12x5 cm. Pacijent, izuzev blagog svra-
ba koze, nije imao druge tegobe.

U sprovedenoj hematoloskoj dijagnostici, nalaz
bioptata kostane srzi pokazao je fibrozu gr |, uocen
je spontani razvoj formacija eritroidnih kolonija. Kon-
vencionalna citogenetika bila je uredna (4 metafaze-
nizak mitotski indeks). PCR metodom nije potvrdena
JAK2V617F mutacija. NGS metodom (mutacioni panel
Profesora Skode) utvrdeno je prisustvo MPL, SRSF2,
U2AF1i ASXL1 mutacije. Nivo serumskog eritropoetina
bio je uredan. Postavljena je dijagnoza prefibroti¢nog
PMF, niskog stepena rizika prema IPSS skoru, uz MPN
10 skor 5/100.

Inicijalno je uvedena acetilsalicilna kiselina (100
mg per os dnevno), ali je obustavljena u maju 2012. go-
dine zbog pojave izrazene epistakse (utvrdena aktiv-
nost Von Willebrand-ovog faktora 34%). Istog meseca
je uvedena HU (500 mg per os dnevno), Cije je doziranje
u daljem toku le¢enja bilo korigovano u zavisnosti od
parametara krvne slike. HU je primenjivana sve do apri-
la 2019. godine, kada je konstatovano prisustvo tran-
sfuziono zavisnog anemijskog sindroma, te je lecenje
nastavljeno Danazolom (2x200 mg per os dnevno).

U oktobru 2019. godine uradena je hematoloska
reevaluacija. Rebiopsija kostane srzi pokazala je prisu-
stvo fibroze, sada gr lll, dok aspiraciona punkcija nije
pokazala akutnu transformaciju (8% blasta). Uoceno je
prisustvo kompleksnog kariotipa, 46 XY, del (20)q11/
(5), 46 XY/15/. PCR za JAK2V617F mutaciju je i dalje bio
negativan. U krvnoj slici su zabelezeni Hb 72g/L, Le
19.1x10%/1, Tr 487x10°%/L, u perifernom razmazu krvi 6%
blasta sa leukoeritroblastozom, retikulociti 5.2%. LDH
je iznosio 2498 U/L, a feritin 247,8 mg/L. Ultrazvucni
nalaz iz oktobara 2019. godine pokazao je slezinu ve-
licine 14 cm.

U daljem toku lecenja pacijent je prijavljivao izra-
Zenu malaksalost i zamor, te je nastavljena transfuzi-

rameters. At the last control, in January 2024 (still rux-
olitinib 2x20 mg per os per day), in the blood count Hb
1244g/L, Le 4.2x10%1, Tr 413x10°%/1. LDH 478U/L. The last
abdomen ultrasound showed a diameter of the spleen
of 10x3 cm. The patient did not report any complaints
at the last check-up. The patient is in stable remission
of the underlying disease. The period without disease
progression is 126 months. Further follow-up with the
continuation of ruxolitinib is ongoing.

Third case

A male patient, aged 64, initially consulted a hematolo-
gist in May 2012 due to the findings of thrombocytosis
in the blood count, with the information that he had
known about elevated platelets since November 2010
(then Tr 989x10°/L), but he did not examine it. During
the initial examination, the blood count showed Hb
107 g/L, MCV 82fl, Le 11.2x10%/L, Tr 1457x10%/I, in the
differential formula neutrophils 62%, lymphocytes
20%, monocytes 5%. In the laboratory findings, LDH
was 631U/L, and ferritin was 9 ugL, despite previous ad-
ministration of peroral iron medications. An abdominal
ultrasound from May 2012 showed a spleen measuring
12x5 cm. The patient, except for mild skin itching, had
no other complaints.

In the performed hematological diagnosis, the find-
ings of the bone marrow biopsy showed fibrosis grade |,
and spontaneous development of erythroid colony for-
mations was observed. Conventional cytogenetics was
normal (metaphase 4 - low mitotic index). The PCR meth-
od did not confirm the JAK2V617F mutation. The pres-
ence of MPL, SRSF2, U2AF1, and ASXL1 mutations was
determined using the NGS method (Professor Skoda’s
mutation panel). The serum erythropoietin level was av-
erage. A diagnosis of prefibrotic PMF, low risk according
to IPSS score, with an MPN 10 score of 5/100, was made.

Acetylsalicylicacid (100 mg per os per day) was initial-
ly introduced, but it was discontinued in May 2012 due to
severe epistaxis (Von Willebrand factor activity was de-
termined to be 34%). In the same month, HU (500 mg per
os per day) was introduced, the dosage of which was cor-
rected in the further course of treatment depending on
the blood count parameters. HU was applied until April
2019, when the presence of transfusion-dependent ane-
mia syndrome was established, and the treatment was
continued with Danazol (2x200 mg per os per day).

In October 2019, a hematological reevaluation
was performed. Bone marrow rebiopsy showed the
presence of fibrosis, now gr lll, while aspiration punc-
ture showed no acute transformation (8% blasts). The
presence of a complex karyotype, 46 XY, part (20)q11/
(5), 46 XY/15/, was observed. PCR for the JAK2V617F
mutation was still negative. The blood count showed
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ona subsitutcija koncentratima eritrocitma, dva puta
mesec¢no. | pored navedene terapije, konstitucionalni
simptomi su se pogorsavali, uz odrzavanje transfuzi-
one zavisnosti. Nastavljeno je sa primenom Danazola,
medutim, usred razvoja srcane insuficijencije, doslo je
do smrtnog ishoda u februaru 2020 godine. OS je izno-
silo 96 meseci.

DISKUSLJA

Mnogi pacijenti kod kojih je postavljena dijagnoza PMF
niskog/ nizeg stepena rizika manifestuju jasne klinicke
znake i simptome osnovne bolesti i stoga bi imali kori-
sti od primene aktivhog lec¢enja [10]. Na prikazu ovi pa-
cijenti najces¢e imaju malaksalost (30%), LDH je pove-
¢ana kod "4 pacijenata, slezina je palpabilna kod 19%, a
leukocitoza je prisutna u 15% slu¢ajeva [10]. Prema na-
lazima ,MOST” observacione studije (The Myelobrosis
and Essential Thrombocythemia Observational Study;
NCT02953704), u trenutku ukljucivanja u studiju 41%
pacijenata (od 232 ispitanika) pripadalo je grupi ni-
skog rizika prema DIPSS skoru, a 59% grupi intermedi-
jarnog-1 rizika ali je splenomegalija konstatovana kod
41% pacijenta sa niskim rizikom, a manje (31%) kod
pacijenata sa intermedijarnim-1 rizikom [11]. Samo je-
dan pacijent u nasoj miniseriji je imao jasne simptome
na prikazu, drugi samo blagi pruritus. Interesantno, svi
nasi pacijenti imali su znaajnu trombocitozu na pri-
kazu i samo blagu leukocitozu u dva slucaja. Dva nasa
pacijenta prikazala su se splenomegalijom, u jednom
slucaju grani¢nom.

Prema aktuelnim preporukama NCCN-a (Natio-
nal Comprehensive Cancer Network, eng.), ruxolitinib
predstavlja dobru terapijsku opciju za rano lecenje
pacijenata sa PMF nizeg stepena rizika, $sto dokazuju i
podaci JUMP | ROBUST studija pacijenata sa intermedi-
jarnim-1 rizikom, i koje potvrduju benefit rane primene
ruxolitiniba, uz 50% ili vecu redukciju splenomegalije
kod ¢ak 61% pacijenata (nakon 48 nedelja terapije), uz
znacajnu redukciju inicijalne simptomatologije [12,13].
Rezultati COMBI studije ukazali su na to da je u pod-
grupi pacijenata sa PMF (dominantno niskog ili inter-
medijarnog-1 stepena rizika), kombinovana primena
ruxolitiniba i malih doza pegilovanog interferona alfa
23, dovela do remisije u 44% slucajeva, uz prihvatlji-
vu toksi¢nost [14]. Svi nasi pacijenti imali su inicijalnu
dijagnozu prefibroticnog PMF niskog stepena rizika,
svi su inicijalno le¢eni primenom antiagregacione tera-
pije, a potom sa HU zbog progresije splenomegalije ili
leukocitoze ili trombocitoze. Kod dva pacijenta je uve-
den ruxolitinib, uz kompletni odgovor u jednom slu-
¢aju i aktuelno odrzavanje remisije bolesti nakon vise
od 10 godina primene ruxolitiniba, ali i dalje progresi-
je bolesti do smrtnog ishoda u drugom slucaju. Treba

Hb 72g/L, Le 19.1x10%I, Tr 487x10%/L, in the peripheral
blood smear 6% blasts with leukoerythroblastosis, re-
ticulocytes 5.2%. LDH was 2498 U/L, and ferritin was
247.8 mg/L. The ultrasound findings from October
2019 showed a spleen measuring 14 cm.

In the further course of treatment, the patient re-
ported severe weakness and fatigue, and transfusion
substitution with erythrocyte concentrates was con-
tinued twice a month. Despite the mentioned thera-
py, the constitutional symptoms worsened, while the
transfusion dependence was maintained. The use of
Danazol was continued; however, amid the develop-
ment of heart failure, there was a fatal outcome in Feb-
ruary 2020. OS was 96 months.

DISCUSSION

Many patients diagnosed with low/low-risk PMF man-
ifest clear clinical signs and symptoms of the underly-
ing disease and would, therefore, benefit from active
treatment [10]. At presentation, these patients most
often have weakness (30%), LDH is increased in 4 of
patients, the spleen is palpable in 19%, and leukocy-
tosis is present in 15% of cases [10]. According to the
findings of the “MOST" observational study (The Mye-
lobrosis and Essential Thrombocythemia Observation-
al Study; NCT02953704), at the time of inclusion in the
study, 41% of patients (out of 232 subjects) belonged
to the low-risk group according to the DIPSS score, and
59% to the intermediate-1 risk group, but splenomeg-
aly was noted in 41% of patients with low risk, and less
(31%) in patients with intermediate-1 risk [11]. Only
one patient in our miniseries had apparent symptoms
at presentation; the other had only mild pruritus. Inter-
estingly, all our patients had significant thrombocyto-
sis at presentation and only mild leukocytosis in two
cases. Two of our patients presented with splenomeg-
aly, in one case borderline.

According to the current NCCN (National Compre-
hensive Cancer Network) recommendations, ruxoli-
tinib represents an excellent therapeutic option for the
early treatment of patients with PMF of lower risk, as
evidenced by the data of the JUMP and ROBUST stud-
ies of patients with intermediate-1 risk, which confirm
the benefit early administration of ruxolitinib, with a
50% or more significant reduction of splenomegaly in
as many as 61% of patients (after 48 weeks of thera-
py), with a substantial reduction of initial symptoms
[12,13]. The results of the COMBI study indicated that
in a subgroup of patients with PMF (predominantly
low or intermediate-1 risk), the combined use of rux-
olitinib and low-dose pegylated interferon alfa 2a led
to remission in 44% of cases, with acceptable toxicity
[14]. All our patients had an initial diagnosis of low-risk
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napomenuti da je kod drugog pacijenta bila prisutna
progresivna leukocitoza koja znacajno smanjuje uku-
pno prezivljavanje sa medijanom OS od 13,3 meseca.
U ovakvim slucajevima, prema rezultatima nekih re-
trospektivnih analiza, primena ruxolitiniba pokazala je
najvedi benefit, sa produzenjem medijane OS na 21,2
meseci [15], Sto ugrubo odgovara i medijani OS kod
naseg pacijenta, a po uocenoj progresiji prethodne
blage leukocitoze.

Non-driver mutacije imaju znacajan uticaj na Kkli-
ni¢ki tok bolesti, ali i ishod le¢enja. ASXL1 non-driver
mutacije imaju znacajnu ulogu u progresiji pre-PMF
u pravi PMF, kao i u stepenu fibroze, ali i leukemijskoj
transformaciji PMF [15]. SRSF2 mutacije pokazale su
tendenciju redukcije klonske proliferacije u toku uoce-
ne progresije bolesti. ASXL1 mutacije nisu direktno od-
govorne za leukemogenezu, ali dovode do akceleracije
akumulacije direktnih leukemogenih faktora, npr. mu-
tiranih produkata RAS-signalnog puta. Stoga, aktuelni
literaturni podaci idu u prilog tome da ASXL1 mutaci-
ja ima kriti¢nu ulogu u klinickom toku PMF, uz uticaj
na pogorsanje fibroze i povec¢anje moguc¢nosti leuke-
mijske transformacije. Obzirom na svoju znacajnu fre-
kventnost u PMF, ASXL1 mutacije bi u budu¢nosti mo-
gle biti znacajne za target-terapiju [16]. Kod dva nasa
pacijenta je raden NGS, uz ASXL1 prisutvo mutacije u
oba slucaja sa potpuno drugacijim klini¢ckim ishodom.
Naime, jedna pacijentkinja je u dugogodisnjoj remisji
uz primenu ruxolitiniba, dok je drugi pacijent imao
smrtniishod, ali nije leCen sa JAK inhibitorom, ve¢ anti-
gregacionom terapijom, HU i danazolom po postizanju
transfuzione zavisnosti. Ni kod jednog naseg pacijenta
nije dokazana leukemijska transformacija.

Klini¢ki tok bolesti kod pacijenata sa PMF nizeg rizi-
ka pokazuje nepredvidljivost, Sto potvrduju prethodni,
ali i najnoviji rezultati,MOST" observacione studije pre-
ma kojima 60% pacijenata (medijana pracenja grupe
od 232 pacijenta sa MF niskog/intermedijernog-1 rizi-
ka je bila 52,9 meseci) ima znakova progresije bolesti,
dok je 8.3% pacijenta imalo leukemijsku transforma-
ciju ili umrlo [11,17]. Treba napomenuti da je 84 paci-
jenta imalo PMF niskog rizika, a kriterijumi progresije
bolesti su bili Hb <100 g/L, Tr <100x10°/L, konstituci-
onalni simptomi, pojava ili progresija splenomegalije,
prisutvo blasta >1% u perifernoj krvi, Le >25x10%L,
smrtniishod usled progresije bolesti, leukemijska tran-
sformacija i vise od jedne transfuzije Er. U nasoj minise-
riji se uoCava jasna progresija bolesti u sva tri slucaja, ali
uz razlic¢ite terapijske odgovore i klini¢ki ishod bolesti.
Dva pacijenta su imala smrtni ishod, OS su iznosili 66 i
96 meseci, dok je treca pacijentkinja u stabilnoj remisiji
sa OS od 156 meseci. Ona je takode nosilac ASXL1 mu-
tacije (Tabela 1).

prefibrotic PMF; all were initially treated with antiplate-
let therapy and then with HU due to the progression
of splenomegaly or leukocytosis or thrombocytosis. In
two patients, ruxolitinib was introduced, with a com-
plete response in one case and current maintenance
of disease remission after more than 10 years of rux-
olitinib administration, but still disease progression to
death in the other case. Of note, another patient had
progressive leukocytosis, which significantly reduced
overall survival with a median OS of 13.3 months. In
such cases, according to the results of some retrospec-
tive analyses, the use of ruxolitinib showed the most
significant benefit, with an extension of the median
OS to 21.2 months [15], which roughly corresponds to
the median OS in our patient, and according to the ob-
served progression of the previous mild leukocytosis.

Non-driver mutations have a significant impact on
the clinical course of the disease as well as the outcome
of treatment. ASXL1 non-driver mutations play an es-
sential role in the progression of pre-PMF to true PMF,
as well as in the degree of fibrosis and the leukemic
transformation of PMF [15]. SRSF2 mutations tended to
reduce clonal proliferation during the observed disease
progression. ASXL1 mutations are not directly respon-
sible for leukemogenesis but lead to an acceleration of
the accumulation of direct leukemogenic factors, e.g.,
mutated products of the RAS signaling pathway. There-
fore, current literature data supports that ASXL1 mu-
tation plays a critical role in the clinical course of PMF,
affecting worsening fibrosis and increasing the possi-
bility of leukemic transformation. Considering its sig-
nificant frequency in PMF, ASXL1 mutations could be
important for target therapy in the future [16]. In two of
our patients, NGS was performed, with ASXL1 mutation
in both cases, resulting in a completely different clinical
outcome. Namely, one patient s in long-term remission
with the use of ruxolitinib, while the other patient had
a fatal outcome but was not treated with a JAK inhibi-
tor but with antiaggregation therapy, HU, and danazol
after achieving transfusion dependence. No leukemic
transformation was proven in any of our patients.

The clinical course of the disease in patients with
lower-risk PMF shows unpredictability, which is con-
firmed by the previous and the most recent results of
the “MOST” observational study, according to which
60% of patients (the median follow-up of a group of
232 patients with low/intermediate-1 risk MF was
52.9 months) have signs of disease progression, while
8.3% of patients had leukemic transformation or died
[11,17].1t should be noted that 84 patients had low-risk
PMF, and the criteria for disease progression were Hb
<100 g/L, Tr <100x10%/L, constitutional symptoms, the
appearance or progression of splenomegaly, the pres-

SERBIAN JOURNAL OF THE MEeDIcAL CHAMBER | Volume 5/ No. 3 | September 2024

465



PROGRESIJA BOLESTI KOD PACIJENATA SA PRIMARNOM MIJELOFIBROZOM NISKOG RIZIKA — PRIKAZ SLUCAJA

Smiljani¢ M. isar.

DISEASE PROGRESSION IN PATIENTS WITH LOW-RISK PRIMARY MYELOFIBROSIS — CASE REPORT

Tabela 1. Dijagnoza, lecenje i ishod bolesti u nasoj grupi pacijenata

ASA

Table 1. Diagnose, treatment, and disease outcomes in our group of our pts

prePMIf - Progresija 18m nakon
IPSS,, nizak rizik / . e .
i " HU uvodenja rukolitiniba Smrtni
IPSS low risk Nije uraden / . ) 66 ;
Br.1/NoT + Not done / Disease progression ishod /
Rukoslitinib | 78mts after ruxo intro- Death
duction
MPN 10- 10/100 Azacitidin
ASA,
prePMF
IPSS, nizak rzik/ HU, " 26 fe"n'?i‘s’i'.‘;t;'a
Br.2/No2 | IPSS low risk” + ASKL1+ oo o lJe i
Ruksolitinib/ o
MPN 10- 25/100 Ruxolitinib
Epistaksa / Epistaxis
prePMF ASA Transfuziona zavisnost
IPSS,,nizak rizik/ [ Transfusion depen- Smrtni
Br.3/No3 | IPSS low risk” - MPL+, SRSF2+ HU dence 9% ishod /
U2AF1+ ASXLT+
Death
MPN 10- 5/100 Danazol Sréana insuficijencija /
Cardiac insufficiency

Legenda: PMF— Primarna mijelofibroza; IPSS — Internacionalni Prognosticki Skor sistem;
MPN 10 — skor procene simptoma mijeloproliferativne neoplazme 10; JAK2V617F — Janus
kinaza2 V617F; NGS — Sekvencioniranje sledece generacije; ASA — Acetilsalicilna kiselina;
HU- Hidrokisurea; m- meseci

ZAKLJUCAK

Aktuelni podaci idu u prilog znacajnom prisustvu pro-
gresije bolesti i kod pacijenata sa incijalnim PMF ni-
skog rizika, Sto zahteva regularno pracenje ovih paci-
jenata uz blagovremeno ukljucivanje/izmenu aktuelne
terapije u slucaju progresije. Nasi podaci takode potvr-
duju da je PMF niskog rizika jedan entitet sa mnogo
razlicitih lica. Buduca istrazivanja ¢e pokazati da li rana
NGS analiza non-driver mutacija, kao i rano uvodenje
terapije doprinose promeni toka bolesti, kao i da li ¢e
non-driver mutacije biti nova meta u ciljanoj terapiji za
PMF.

Sukob interesa: Nije prijavljen.

Legend: PMF- Primary myelofibrosis; IPSS — International Prognostic Score System; MPN 10
— Myeloproliferative neoplasm symptom assessment 10; JAK2V617F — Janus kinase2 V617F;
NGS — Next Generation Sequencing; ASA — Acetilsalicylic acid; HU-Hydroxyurea; m- months

ence of blasts >1% in peripheral blood, Le >25x10°%/L,
death due to disease progression, leukemic trans-
formation and more than one transfusion Er. In our
miniseries, a clear progression of the disease can be
observed in all three cases, but with different thera-
peutic responses and clinical outcomes of the disease.
Two patients had a fatal outcome: OS was 66 and 96
months, while the third was a patient in stable remis-
sion with an OS of 156 months. She is also a carrier of
the ASXL1 mutation (Table 1).

CONCLUSION

Current data supports the significant presence of disease
progression in patients with low-risk initial PMF, which
requires regular monitoring of these patients with time-
ly inclusion/change of current therapy in case of pro-
gression. Our data confirm that low-risk PMF is one en-
tity with many different faces. Future research will show
whether early NGS analysis of non-driver mutations and
early therapy introduction contribute to changing the
course of the disease and whether non-driver mutations
will be a new target in targeted therapy for PMF.

Conflict of interest: None declared
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title should not be repeated, and the key words should be relevant and descriptive.
The Medical Subject Headings - MeSH thesaurus (http://www.nlm.nih.gov/mesh)
should be used for selecting the key word. The abstract should be submitted in
both Serbian and English language.

The fourth page should contain the translation of the text from the third
page (abstract). This page must have the identical structure as the third page.

The number of pages provided for the appropriate structure of the paper is
counted from the fifth page.

STRUCTURE OF THE PAPER. Capital bold letters should be used for all sub-
headings. Original papers, meta-analyses, preliminary and short communications
must have the following subheadings: Introduction (the objective of the paper
should be stated in the last paragraph of the Introduction), Methodologies, Results,
Discussion (concise and clear, it represents the interpretation and comparison of
study results with relevant studies published in domestic and international liter-
ature), Conclusion (it must derived solely from the results of the research), List of
acronyms (if used in the text), Acknowledgment, and Literature (listed using Arabic
numerals, in the order in which they appear in the text, in square brackets, see
below). The structure of literature review papers should be: Introduction, a number
of subheadings, Conclusion, and Literature. The authors of the reviews should list
at least three papers (as authors or co-authors) published in peer-reviewed jour-
nals. The structure of the paper presenting one or more cases should consists of:
Introduction (the objective of the paper should be given as the last paragraph of
the Introduction), Case Report, Discussion, and Literature. Patient names, initials,
and medical history numbers should not be used, especially in illustrations. Case
reviews should not have more than five authors.

STATISTICAL METHODS, PRESENTATION AND INTERPRETATION OF RESULTS

If possible, all numbers should be rounded to one decimal place. The display of
results in tables and graphs should not be repeated. When presenting results in
tables and text, it is recommended that numerical data with normal distribution
and without extreme values be presented as arithmetic mean + standard devia-
tion; that numerical data whose distribution deviates from normal distribution or
when there are extreme values, and ordinal data, be presented as the median and
range (minimum—maximum value); that nominal data and ordinal data with a
small number of categories be displayed as n (%).

When describing the applied statistical methods, presentation and interpre-
tation of results in the paper, follow the SAMPL Guidelines (Lang TA, Altman DG.
Basic statistical reporting for articles published in biomedical journals: The “Sta-
tistical Analyses and Methods in the Published Literature” or the SAMPL Guide-
lines. Int J Nurs Stud 2015; 52(1):5-9.). The applied statistical methods should be
described in sufficient detail so that the reader may repeat them using own data.
Indicate the statistical test used and the level of significance. Report the correct
p-value to the third decimal place.

ATTACHMENTS (tables, graphs, pictures, etc.) should be placed at the end
of the manuscript, while clearly indicating in the text the place that refers to the
given attachment. The final position of the attachment will be defined during the
preparation of the paper for publication.

ACRONYMS should be used only when necessary, i.e. for very long names
of chemical compounds and names that are already commonly used as acronyms
(standard acronyms, such as DNA, AIDS, HIV). For each acronym, the full term
should be given at the first appearance in the text, unless it is a standard unit of
measure. Acronym should not be used in the title. Avoid using acronyms in the
abstract, but if necessary, explain each acronym at the first appearance in the text.

DECIMAL NUMBERS. In the English text of the paper, in tables, graphs and
other appendices decimal numbers are written with a point (e.g. 12.5 + 3.8), and
in the text in Serbian with a comma (e.g. 12.5 = 3.8). Whenever possible, round
the number to one decimal place.
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(mol), a pritisak krvi u milimetrima Zivinog stuba (mm Hg). Sve rezultate hema-
toloskih, klinickih i biohemijskih merenja navoditi u metrickom sistemu prema
Medunarodnom sistemu jedinica (SI).

PRILOZI su tabele, slike (fotografije, crtezi, sheme, grafikoni), do Sest po
radu. Svaki prilog se dostavlja kao poseban dokument, obelezen na isti nacin kao
u tekstu. Ako su tabele, grafikoni, sheme ili slike vec objavljene, navesti originalni
izvor i priloZiti pisano odobrenje autora za njihovo koriScenje

TABELE. Svaka tabela treba da bude sama po sebi lako razumljiva. Naslov
treba otkucati iznad tabele, a objaSnjenja ispod nje. Tabele se oznacavaju arap-
skim brojevima prema redosledu navodenja u tekstu. Tabele crtati iskljucivo u
programu Word, kroz meni Table— Insert—Table, uz definisanje tacnog broja kolo-
na i redova koji Ce ciniti mrezu tabele. Desnim klikom na miSu — pomocu opcija
Merge Cells i Split Cells — spajati, odnosno deliti celije. Kucati fontom Times New
Roman, veli¢inom slova 12 pt, s jednostrukim proredom i bez uvlaenja teksta.
KoriScene skracenice u tabeli treba objasniti u legendi ispod tabele. Ukoliko je
rukopis na srpskom jeziku, priloZiti nazive tabela i legendu na oba jezika. Takode,
u jednu tabelu, u okviru iste Celije, uneti i tekst na srpskom i tekst na engleskom
jeziku (nikako ne praviti dve tabele na dva jezika!).

SLIKE. Slike su svi oblici grafickih priloga. Objavljuju se fotografije, crteZi,
sheme i grafikoni. Slike se oznacavaju arapskim brojevima prema redosledu na-
vodenja u tekstu. Primaju se iskljucivo digitalne fotografije (crno-bele ili u boji)
rezolucije najmanje 300 dpi i formata zapisa tiff ili jpg (male, mutne i slike lo3eg
kvaliteta nece se prihvatati za Stampanje!). Ukoliko autori nemaju ili nisu u mo-
gudnosti da dostave digitalne fotografije, onda originalne slike treba skenirati u
rezoluciji 300 dpi i u originalnoj velicini. Ukoliko je rad neophodno ilustrovati sa
vise slika, u radu ce ih biti objavljeno nekoliko, a ostale ce biti u e-verziji ¢lanka
kao PowerPoint prezentacija (svaka slika mora biti numerisana i imati legendu). U
legendi slika treba napisati koris¢eno uvelicanje okulara i objektiva mikroskopa.
Svaka fotografija treba da ima vidljivu skalu. Potrebno je priloZiti nazive slika i
legendu na srpskom i engleskom jeziku.

GRAFIKONL. Grafikoni treba da budu uradeni i dostavljeni u programu Excel,
da bi se videle pratece vrednosti rasporedene po Celijama. Iste grafikone preko-
pirati i u Word-ov dokument. Grafikoni se oznacavaju arapskim brojevima prema
redosledu navodenja u tekstu. Svi podaci na grafikonu kucaju se u fontu Times New
Roman. Koris¢ene skracenice na grafikonu treba objasniti u legendi ispod grafiko-
na. PriloZite nazive grafikona i legendu na srpskom i engleskom jeziku.

SHEME | CRTEZI. CrteZi i sheme se dostavljaju u jpg ili tiff formatu. Svi po-
daci na shemi kucaju se u fontu Times New Roman, velicina slova 10 pt. Koris¢ene
skracenice na shemi treba objasniti u legendi ispod sheme. Ukoliko je rukopis na
srpskom jeziku, priloZiti nazive shema i legendu na oba jezika.

ZAHVALNICA. Navesti sve saradnike koji su doprineli stvaranju rada a ne
ispunjavaju kriterijume za autorstvo, kao $to su osobe koje obezbeduju tehnicku
pomo¢, pomoc u pisanju rada ili rukovode odeljenjem koje obezbeduje opstu po-
drsku. Finansijska i materijalna pomoc, u obliku sponzorstva, stipendija, poklona,
opreme, lekova i drugo, treba takode da budu navedene.

LITERATURA. Spisak referenci je odgovornost autora, a citirani ¢lanci treba
da budu lako pristupacni ¢itaocima asopisa. Reference numerisati rednim arap-
skim brojevima prema redosledu navodenja u tekstu. Broj referenci ne bi trebalo
da bude vedi od 30, osim u pregledu literature, u kojem je dozvoljeno da ih bude
do 50, a u meta-analizi do 100.

Broj citiranih originalnih radova mora biti najmanje 80% od ukupnog broja
referenci, odnosno broj citiranih knjiga, poglavlja u knjigama i preglednih ¢la-
naka manji od 20%. Nije dozvoljeno citiranje apstrakata. Ukoliko je bitno ko-
mentarisati rezultate koji su publikovani samo u vidu apstrakta, neophodno je
to navesti u samom tekstu rada. Reference ¢lanaka koji su prihvaceni za Stampu,

INSTRUCTIONS FOR AUTHORS

UNITS OF MEASURE. Express length, weight and volume in metric units
(meter—m, kilogram (gram) —kg (g), liter — ) or their parts. Express temperature
in degrees Celsius (°C), amount of substance in moles (mol), and blood pressure
in millimeters of mercury (mmHg). All results of hematological, clinical and bio-
chemical measurements should be reported using the metric system, according to
the International System of Units (SI).

ATTACHMENTS are tables, pictures (photographs, drawings, diagrams,
graphs), up to six per paper. Each attachment is submitted as a separate docu-
ment, labeled the same way as it appears in the text. If tables, graphs, charts or
figures have already been published, the original source should be indicated, and
written consent for their use attached.

TABLES. Tables should be easily comprehensible. The caption should be typed
above the table, with an explanation below it. Tables are labeled with Arabic numer-
als, according to the order of appearance in the text. Tables should be drawn only in
MS Word, using the Insert Table function, defining the exact number of columns and
rows that will form the table grid. Use Merge Cells and Split Cells options to merge or
split cells. Use Times New Roman font, size 12 pt, with single spacing and no inden-
tation. The acronyms used in the table should be explained in the legend below the
table. If the manuscript is in Serbian, attach the names of the tables and the legend
in both languages. Also, enter the Serbian text and English text in the same table,
within a single cell (never make two tables in two languages).

IMAGES. All forms of graphic attachments are images. Photographs, drawings,
diagrams and graphs can be published. Images are labeled using Arabic numerals,
according to the order of appearance in the text. Only digital photos (black-and-
white or color) of at least 300 dpi resolution, in TIFF or JPG format are accepted (small,
blurry and poor-quality images will not be accepted for print). If the authors do not
have or are not able to submit digital photos, then the original images should be
scanned at a resolution of 300 dpi and in original size. If the paper requires multiple
images for illustration, several will be published in the paper, and the rest will be
included in the e-version of the article, as a MS PowerPoint presentation (each image
must be numbered and include a legend). The used microscope magnification should
be noted in the image legend. Each photo should include the scale. The image names
and the legend should be provided in both Serbian and English language.

GRAPHS. Graphs should be provided and submitted in MS Excel, in order
to show the accompanying values arranged by cell. The same graphs should be
copied into a MS Word document. Graphs are labeled with Arabic numerals, ac-
cording to the order of appearance in the text. All data in the graphs should be
displayed using the Times New Roman font. Acronyms used on the graph should
be explained in the legend below the graph. Include the names of the graphs and
the legend in both Serbian and English language.

DIAGRAMS AND DRAWINGS. Diagrams and drawings can be submitted in
JPG or TIFF format. All data in the diagram should be displayed using the Times
New Roman font, size 10 pt. The acronyms used in the diagram should be ex-
plained in the legend below the diagram. If the manuscript is submitted in Serbi-
an, the names of the diagrams and the legends should be provided in both Serbian
and English language.

ACKNOWLEDGEMENTS. List all associates who contributed to the production of
the paper but do not meet the authorship criteria, such as persons providing technical
assistance, assistance in writing the paper, or managing the department that provided
general support. Financial and material assistance, in the form of sponsorships, schol-
arships, donations, equipment, medicine, etc., should also be listed.

LITERATURE. The list of references is the responsibility of the author, and
the cited articles should be easily accessible to the readers of the Journal. Ref-
erences should be numbered using Arabic numerals, according to the order of
appearance in the text. The number of references should not exceed 30, except in
the case of literature reviews, in which case it may be up to 50, and up to 100 in
the case of meta-analyses.
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INSTRUCTIONS FOR AUTHORS

ali jos nisu objavljeni, treba oznaciti sa in press i priloZiti dokaz o prihvatanju
rada za objavljivanje.

Podaci o koriScenoj literaturi u tekstu oznacavaju se arapskim brojevima u
uglastim zagradama — npr. [1,2], i to redosledom kojim se pojavljuju u tekstu.
Reference se citiraju prema Vankuverskom stilu (uniformisanim zahtevima
za rukopise koji se predaju biomedicinskim ¢asopisima), koji je uspostavio
Medunarodni komitet urednika medicinskih ¢asopisa (http://www.icmje.org),
Ciji format koriste U.S. National Library of Medicine i baze naucnih publikaci-
ja. Primeri navodenja publikacija (¢lanaka, knjiga i drugih monografija, elek-
tronskog, neobjavljenog i drugog objavljenog materijala) mogu se pronaci na
internet-stranici  http://www.nlm.nih.gov/bsd/uniform_  requirements.html.
Prilikom navodenja literature veoma je vazno pridrZavati se pomenutog stan-
darda, jer je to jedan od najbitnijih faktora za indeksiranje prilikom klasifikacije
naucnih casopisa. Podaci sa interneta citiraju se uz navodenje datuma pristupa
tim podacima.

PREDVIDEN BROJ STRANICA ZA RAD SA SVIM PRILOZIMA

1. Uvodnici — do 5 strana: miljenja ili diskusiju o posebno znacajnoj temi za
Casopis, kao i 0 podacima koji su $tampani u ovom ili nekom drugom ¢asopisu.
Obicno ih pide jedan autor po pozivu.

2. Originalni clanci — do 12 strana. Predstavljaju rezultate istraZivanja autora
rada i njihovo tumacenje. IstraZivanje treba da bude obradeno i izloZeno na
nacin da se mozZe ponoviti, a analiza rezultata i zakljudci jasni da bi se mogli
proveriti.

3. Pregledni clanci — do 10 strana. Predstavljaju sistematsko, sveobuhvatno i
kriticko izlaganje problema na osnovu analiziranih i diskutovanih podataka iz
literature, a koji oslikavaju postojecu situaciju u odredenom podrudju istrazi-
vanja. Literatura koja se koristi u radu mora da sadrZi najmanje 3 rada autora
¢lanka iz uze naucne oblasti koja je opisana u radu.

4. Prethodna ili kratka saopstenja — do 4 strane. SadrZe izuzetno vazne na-
ucne rezultate koje bi trebalo objaviti u Sto kratem vremenu. Ne moraju da
sadrZe detaljan opis metodologije rada i rezultata, ali moraju da imaju sva
poglavlja kao originalni ¢lanci u sazetoj formi.

5. Stru¢ni ¢lanci — do 10 strana. Odnose se na proveru ili prikaz prethodnog
istraZivanja i predstavljaju koristan izvor za Sirenje znanja i prilagodavanja ori-
ginalnog istraZivanja potrebama postojece nauke i prakse.

6. Prikazi slucajeva — do 6 strana. Opisuju retke slucajeve iz prakse. Sli¢ni su
strucnim ¢lancima. U ovim radovima prikazuju se neuobicajeni oblici i tokovi
oboljenja, neocekivane reakcije na primenjenu terapiju, primene novih dija-
gnostickih procedura ili retke i nove bolesti.

7. Clandi iz istorije medicine — do 10 strana. Ovi ¢landi opisuju dogadaje iz
proslosti sa ciliem da omoguce ocuvanje medicinske i zdravstvene kulture.
Imaju karakter strunih ¢lanaka.

8. Ostali clanci — prikazi knjiga, izvodi iz strane literature, izvestaji sa kongresa
i strucnih sastanaka, saopstenja o radu pojedinih zdravstvenih organizacija,
podruznica i sekcija, saop3tenja Urednistva, pisma Urednistvu, novosti u me-
dicini, pitanja i odgovori, strucne i naucne vestii ¢lanci napisani u znak secanja
(In memoriam).

Original papers must account for at least 80% of the total number of ref-
erences, i.e. the number of cited books, book chapters, and reviews must be less
than 20%. Citing abstracts is not permitted. If it is important to comment on re-
sults that have been published only in the form of an abstract, it is necessary to
cite this in the text of the paper. References to articles that have been accepted for
publication but have not yet been published should be marked “in press”and proof
of acceptance of the paper for publication should be attached.

Information about the literature used in the paper is indicated in the text
by Arabic numerals in square brackets, e.g. [1,2], in the order in which they ap-
pear in the text. References are cited according to the Vancouver style (Uniform
Requirements for Manuscripts Submitted to Biomedical Journals), established by
the International Committee of Medical Journal Editors (http.//www.icmje.org),
whose format is used by the U.S. National Library of Medicine and scientific publi-
cation databases. Examples of citations of publications (articles, books and other
monographs, electronic, unpublished and other published material) are available
at http://www.nlm.nih.gov/bsd/uniform_ requirements.html. When citing litera-
ture, it is very important to abide by the mentioned standard, because it is one of
the most important indexing factors when classifying scientific journals. Online
data is cited with the date of access to that data.

NUMBER OF PAGES FOR THE PAPER (WITH ALL ATTACHMENTS)

1. Editorials (up to 5 pages) present opinions or discussions on a particularly rele-
vant topic for the Journal, as well as on data published in this or other journals.
They are usually written by one author, by invitation.

2. Original articles (up to 12 pages) present the results of the research of the
authors of the paper and their interpretation. The research should be processed
and presented in a way that can be repeated, and the analysis of results and
conclusions should be clear so that they can be verified.

3. Reviews (up to 10 pages) represent the systematic, comprehensive and critical
presentation of a problem on the basis of analyzed and discussed data from
literature, which reflect the state of the science in a particular area of research.
The literature used in the paper must contain at least 3 papers by the author of
the article from the specific scientific field addressed in the paper.

4. Preliminary and short communications (up to 4 pages) contain extremely
important scientific results that should be published as soon as possible. They do
not have to contain a detailed description of the methodology and results, but
they must contain all the same sections as original articles, in a concise form.

5. Professional articles (up to 10 pages) refer to the verification or presentation of
previous research; they represent a useful means of disseminating knowledge and
adapting original research to the needs of existing science and practice.

6. Case report (up to 6 pages) describe rare cases from practice and are similar
to professional articles. These papers present unusual forms and courses of dis-
ease, unexpected reactions to the applied therapy, application of new diagnos-
tic procedures, or rare and new diseases.

7. History of medicine articles (up to 10 pages) describe developments from
the past, with the aim of preserving medical and health culture. They have the
same form as professional articles.

8. Other articles — book reviews, excerpts from foreign literature, reports from
congresses and professional conferences, statements on the operation of health
organizations, branches and sections, editorial statements, letters to the edi-
torial board, medical news, questions and answers, professional and scientific
news and articles written in commemoration (in memoriam).
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U POSTUPKU PRIJAVE

U postupku prijave neophodno je da se naglasi kojoj kategoriji rad pripada: uvod-
nik, stru¢ni rad, originalni rad, prethodna ili kratka saopstenja, pregledni ¢lanak,
prikaz slucaja, prikaz serije slucajeva, lanak iz istorije medicine i drugo.

Uz rad neophodno je da se posalje:

1) saglasnost svih autora, da rad nije delimicno ili u celini objavljen, poslat ili pri-
hvacen za Stampu u drugom Casopisu,

2) potpisana izjava svih autora da su rukopis procitali i odobrili za objavljivanje u
Casopisu sa navodenjem njihovog doprinosa u realizaciji istraZivanja i pisanja
rada,

3) izjava o0 nepostojanju sukoba interesa.

Autori su duzni da se pridrZavaju etickih standarda koji se odnose na naucnoistra-
Zivacki rad. (The Declaration of Helsinki, The Basel Declaration, Good Laboratory
Practice, Good Clinical Practice, ICMJE guidelines).

INSTRUCTIONS FOR AUTHORS

INTHE SUBMISSION PROCEDURE

in the submission procedure it is necessary to point out which category the paper

belongs to: editorial, professional paper, original paper, preliminary or short com-

munications, review article, case review, case series review, paper on the history
of medicine, or other.
Together with the paper, it is necessary to include:

1) singed statements of all the authors that the work has not been partially or
entirely published, sent or accepted for publication in another journal;

2) signed statements of all authors that they have read the manuscript and ap-
proved it for publication in the Journal, stating their contribution to the study
or the writing of the paper,

3) a declaration on absence of conflict of interest.

It is the responsibility of each author to ensure that manuscripts submitted to
Srpski medicinski casopis Lekarske komore are written in accordance with ethical
standards (The Declaration of Helsinki, The Basel Declaration, Good Laboratory Prac-
tice, Good Clinical Practice, ICMJE quidelines).

472

Septembar 2024. | Volumen 5/ Broj 3 | Srpski MEDICINSKI CASOPIS LEKARSKE KOMORE



CIP - Katanorusauuja y nyénukauumju
HapopHa 6ubnunoteka Cpbuje, beorpan

61

SRPSKI medicinski ¢asopis Lekarske komore
= Serbian journal of the Medical chamber / glavni i odgovorni urednik Milena Santri¢-Milicevié. - [Stampano
izd.].-Vol. 1, br. 1 (sep. 2020)- .- Beograd : Lekarska komora Srbije, 2020- (Novi Sad : Sajnos).-30 cm

Tromesecno. - Tekst na srp. i engl. jeziku. - Drugo izdanje na drugom medijumu: Srpski medicinski ¢asopis
Lekarske komore (Online) = ISSN 2737-9752

ISSN 2737-971X = Srpski medicinski ¢asopis Lekarske komore (Stampano izd.)

COBISS.SR-ID 19685641







