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ABSTRACT

Background: Treatment of Philadelphia chromosome negative myeloproliferative neoplasms (Ph
— MPNs) requires individualized approach depending on multiple factors. Novel pegylated Interferon
(IFN) formulations have become an attractive therapeutic option in young Ph- MPN patients associated
with better patient compliance.

Methods: In this retrospective observational study a total of 16 high-risk Ph- MPN patients treated off-la-
bel with ropeginterferon alfa-2b given twice monthly, were included. Median follow-up was 24 months.
High-risk patients were defined using the IPSET score. Response to treatment was evaluated using ELN,
IWG-MET EUMNET standardized criteria and occurrence of side effects was documented.

Results: 11 patients were female (68.8%) and 5 male (31.2%); average age at diagnosis was 36 years (17-
51); 12 patients (75%) had ET, one (6.2%) PV and three (18.8%) hypercellular phase of PMF. JAK2V617F
mutation was detected in 10 patients (62.5%), CALR in three (18.8%), and three (18.7%) were triple-neg-
ative cases. In 7 patients (43.7%), ropeginterferon alfa-2b was used in first-line, and 9 (56.3%) were
previously treated with HU and/or standard IFN. Among initially ropeginterferon alfa-2b treated patients,
complete haematological response was observed in 4/7 (57.1%), partial in 2/7 (28.6%) and suboptimal in
one (14.3%). Complete haematological response was observed in 8/9 (88.9%) among previously treated
patients. Average time to blood count normalization was 8 weeks, at a dose ranging between 100mcg and
300mcg. Side effects were observed in one patient (6.2%).

Conclusion: Our experience is in support of previous studies regarding ropeginterferon alfa-2b efficacy
and safety profile in the treatment of young patients with Ph- MPNss.

Keywords:Essential Thrombocythemia, Polycythemia Vera, Primary Myelofibrosis, myeloproliferative
neoplasms, ropeginterferon alfa-2b
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INTRODUCTION

Philadelphia chromosome negative (Ph-
) myeloproliferative neoplasms (MPNs) com-
prise a group of heterogeneous clonal diseases
of myeloid origin characterized by uncontrolled
production of terminally differentiated myeloid
cells. Hallmark of the disease is the presence of
mutually exclusive Janus kinase (JAK), calretic-
ulin (CALR) and myeloproliferative leukemia
virus oncogene (MPL) mutations, referred as
“phenotypic driver” mutations because of their
role in promoting myeloproliferative phenotype
[1].

Classical Ph - MPNs include three major
subtypes: Essential Thrombocythemia (ET),
Polycythemia Vera (PV) and Primary Myelofi-
brosis (PMF). Each of them is defined by their
own unique genotypic abnormalities, symptom
profile, complications and prognosis [2]. Al-
though clinically they share similar constellation
of symptoms including constitutional symptoms
and propensity towards thrombosis or bleeding,
the rates of disease transformation into acute
leukemia or secondary myelofibrosis (for ET and
PV) differ among each other. While best prog-
nosis is seen in the ET setting where the medi-
an survival is similar to age-matched controls,
myelofibrosis (MF) either primary or secondary
from ET or PV, is the most debilitating MPN
subtype with worst prognosis [3].

For more than three decades Interferon
(IFN) has been acknowledged as an effective
treatment option in patients with Ph- MPNs. Un-
like other available drugs like hydroxyurea (HU),
and anagrelide (ANA), Interferon was shown to
induce not only clinico-haematological but also
molecular responses in a significant proportion
of MPN patients, thus modifying the course of
the disease [4]. This unique IFN feature is based
on its ability to suppress clonal hematopoiesis
in this setting of patients. However, because of
HU capability to normalize blood counts, with
subsequent reduction of the risk of thrombohe-
morrhagic events, it is still considered as con-
ventional and reasonable therapeutic option used
widely, especially in older patients [5]. Still, real
world experience has shown that long-term ex-
posure to HU is associated with multiple side
effects leading to drug cessation in half of the
MPN patients [6]. On the other hand, ANA, al-
though frequently used in young patients or alter-

natively to HU, has been associated with higher
rates of progression to bone marrow fibrosis so
its potential impact remains controversial [7, 8].
Both, HU and ANA have an established potential
teratogenicity and infertility, and are not rec-
ommended in pregnancy, so treatment of young
Ph- MPN patients with reproductive potential is
often challenging [6, 7, 8].

Recent studies have turned the spotlight on
the novel pegylated IFN formulations because
of their association with fewer treatment related
adverse events, and less frequent administra-
tion leading to better patient compliance, making
them superior to classical IFNs [9]. In addition,
given that many systematic reviews have shown
no increase in adverse pregnancy outcomes using
IFN, this therapeutic modality is the treatment of
choice in young MPN patients [9, 10].

Ropeginterferon alfa-2b is a third gen-
eration, site-specific, monopegylated, stable
IFN-alfa analog that has emerged as an import-
ant therapeutic tool, currently approved only for
treatment of patients with Polycythaemia Vera
(PV)[11]. However, many studies are evaluating
the efficiency of the drug in patients with ET
and PMF with final intention to expand its usage
in other MPNs as well [12]. In order to clarify
these observations, we present our experience
with off-label use of ropeginterferon alpha-2b
in 16 young patients with MPN, diagnosed and
treated at the University Clinic of Haematology
in Skopje, Republic of North Macedonia.

MATERIAL AND METHODS

This is a retrospective observational study in
which 16 Ph- MPNs patients treated with ropegin-
terferon alfa-2b were included. The starting dose
of the drug was 100mcg with allowed dose es-
calation of 50mcg every two weeks if needed.
Median follow-up of the patients was 24 months.
Diagnosis of Ph- MPN was made according to
WHO 2016 criteria. For diagnosis confirmation
purpose, bone marrow biopsy before treatment
initiation was performed in all patients. The pres-
ence of JAKV617F, CALR and MPL mutations
from peripheral blood DNA was performed with
multiplex fluorescent allele-specific polymerase
chain reaction (PCR) technique using custom de-
signed primers. Patients were classified as high-
risk according to the revised IPSET (Internation-
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al Prognostic Score for ET) score. Response to
treatment was evaluated using ELN, IWG-MET
EUMNET standardized criteria sets and occur-
rence of side effects was recorded. The study was
approved by the local Institutional Review Board
at the clinic and all patients provided written in-
formed consent.

RESULTS

In our cohort 11 were female (68.8%) and
5 were male (31.2%) patients, with average age
at diagnosis of 36 years (17-51). In terms of di-
agnosis, 12 patients (75%) had ET, one (6.2%)
had PV and three patients (18.8%) had hypercel-
lular phase of PMF according to the European
consensus on grading bone marrow fibrosis and
assessment of cellularity. According to the muta-
tional status, JAK2V617F mutation was detected
in 10 patients (62.5%), CALR mutation in three
(18.8%), and three patients were designated as
triple-negative cases (18.7%). Th average He-
moglobin (Hb) count before the initiation of the

treatment in all of the patients was 136 (101-
159) g/L, white blood cell count (WBC) was
9.8 (5-23) x109/L and platelet (PIt) count was
996 (161-2699) x109/L. In 7 high-risk patients
(43.7%), ropeginterferon alfa-2b was used as
first-line treatment, and the remaining 9 patients
(56.3%) were previously treated with HU and/or
standard interferon alfa-2a, of which two entered
the study with already attained haematological
response. Splenomegaly assessed by physical
examination and ultrasound was present in four
patients (25%), while three patients underwent
splenectomy because of splenic vein thrombosis
which was MPN associated. Evaluation of the
clinico-haematological response was performed
every two weeks along with the drug adminis-
tration. Among the patients in which ropegin-
terferon alfa-2b was used as first-line treatment,
complete haematological response was observed
in 4/7 (57.1%), 2/7 (28.6%) patients achieved
partial haematological response with >50% re-
duction from the baseline blood values and one
(14.3%) patient exhibited suboptimal therapeutic
response with <25% reduction of the baseline
blood values. A complete haematological re-

Table 1. Baseline characteristics of patients that underwent treatment with ropeginterfeon alfa-2b

Dosage of ;. . ;. Control
Patients initials Age Sex Diagnosis .Year of. Mutation [ Spleen (cm) | ropeginterferon Initial Hb |Initial WBC| Initial Plt | Control Hb WBC Control Pit
diagnosis alfa-2b g/L 10/9L 10/9L g/L 10/91 10/9L
EJ 29 f ET 2016 JAK2+ 11 300mg 133 6.3 1138 141 5.4 435
ST 34 f ET 2011 JAK2+ 17 100mg 126 8 213 133 11 423
MS 17 f PRV 2021 triple neg | splenectomy 250mg 136 8 998 125 14 612
MS 43 f ET 2016 JAK2+ 15 100mg 149 8 1035 125 10 355
AA 51 m ET 2016 triple neg 11 150mg 139 5.6 161 157 7.5 241
AG 30 m ET 2021 CALR+ 12 150mg 159 10 1160 150 6 369
EA 37 f ET 2015 JAK2+ 16 100mg 146 10 820 145 6 285
KK 34 f PMF 2017 triple neg 11 150mg 109 7 611 113 6 846
ISM 31 f PMF 2016 JAK2+ 12 250mg 151 15 895 143 7 375
JK 39 f PMF 2021 JAK2+ 14 150mg 155 15 1000 147 9 517
EA 20 m ET 2022 CALR+ 11 100mg 126 8.4 1270 115 4 330
FR 25 f ET 2019 CALR+ 12 150mg 131 9 1263 136 4 512
SM 19 f ET 2022 JAK2+ splenectomy 150mg 132 6.5 632 126 6.9 577
Bl 23 m ET 2022 JAK2+ 11 250mg 155 11 1213 135 8 300
ZK 34 m ET 2021 JAK2+ splenectomy 300mg 101 23 2699 131 13 727
MJ 25 f ET 2016 JAK2+ 11 300mg 140 7 835 138 4 290
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Figure 1. Mean hemoglobin (Hb) values dynamics from treatment start over the first 12 weeks and after 24
months follow-up in those patients in which ropeginterferon alfa-2b was used as first line treatment.
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Figure 2. Mean platelet (Plt) values dynamics from treatment start over the first 12 weeks and after 24
months follow-up in those patients in which ropeginterferon alfa-2b was used as first line treatment.
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Figure 3. White Blood Cell (WBC) values dynamics from treatment start over the first 12 weeks and after 24
months follow-up in those patients in which ropeginterferon alfa-2b was used as first line treatment.

sponse was observed in 8/9 (88.9%) among the
previously treated patients, and a partial response
inone (11.1%) patient. The average time to blood
count normalization was at 8 weeks, at a dose
ranging between 100mcg and 300mcg without
dose limiting toxicities. In terms of side effects,
only mild flu-like symptoms were observed in
one patient (6.2%) without need of drug discon-
tinuation or dose modification. During the fol-
low-up period, none of the patients experienced
disease progression.

DISCUSSION

In ideal circumstances, the treatment of
ET patients should provide adequate control of
platelet count, amelioration of ET-related symp-
tom burden, decrease of thrombotic and haem-
orrhagic risk and prevention of disease progres-
sion to post-ET myelofibrosis at the same time
[13]. Low-dose aspirin with hydroxyurea (HU)
is long established first-line therapy for high-risk
ET patients. However, studies have shown that
approximately 25% of ET patients become HU
resistant or intolerant over time which makes
them to be at an increased risk of thrombosis and
disease transformation [5]. Long-term exposure

to HU has been associated with secondary can-
cers including skin cancers [6] .There are data
that currently approved second-line treatment op-
tion anagrelide (ANA) is associated with higher
incidence of myelofibrosis transformation which
underlines the importance of periodic monitoring
for the presence of bone marrow fibrosis and
careful use in young patient population [7, 8,
14]. Both, HU and anagrelide as previously men-
tioned have shown teratogenicity and effects on
fertility, so when making treatment decisions
in young patients with a perspective to be life-
long exposed to HU or anagrelide, it is crucial
to consider both efficacy and long-term side ef-
fects [7, 8]. Since studies have already proven
the disease modifying properties of IFN by its
ability to eliminate malignant clones harboring
JAK2V617F or CALR mutations in MPN pa-
tients, great efforts to produce more tolerable IFN
formulations have been made [4]. Our experience
is encouraging and in parallel with previously
reported results regarding ropeginterferon al-
fa-2b efficiency and safety profile with complete
haematological response observed in 57.1% of
the patients in which ropeginterferon was used as
first-line. Additionally, complete haematological
response was achieved in 88.9% of the patients
previously treated with other drugs. Adverse
events were noted in only one patient experi-
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encing mild flu-like symptoms (6.2%). Since
currently ropeginterferon alfa-2b is approved
only for PV patients, results from its off-label use
in high-risk young ET patients and ET patients
who are HU intolerant or resistant are promising,
further imposing the need to broaden its use and
finally fill the paucity of guiding treatment in ET
and PMF [15].

CONCLUSION

In summary, our results suggest that ropegin-
terferon alfa-2b is safe in the administered dose
range and exhibits profound efficacy, regarding
normalization of blood parameters and subsequent
vascular event reduction. Since this novel IFN
formulation allows a more convenient treatment
schedule accompanied by low toxicity while ob-
taining high haematologic and molecular response
rates, we support the necessity to expand its use
in the treatment of young high-risk patients with
ET and PMF.
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Pe3ume

E®UKACHOCT HA ROPEGINTERFERON ALFA-2B KAJ ITIAHIMEHTH

CO PUITAAETDPUIA XPOMO3O0OM HETATUBHU MUEJIOITPOJIMPEPATUBHU
HEOIIJIA3MU CO BUCOK-PU3UK - EBAJIYALIMJA HA KJIMHNYKO-
XEMATOJOMIKNOT OATOBOP U BE3BEJHOCEH MPODNJI: HAIIIK NCKYCTBA

Mapuja [lonoBa-JladaueBcka, Munue LiBeranocku, HeBenka PuioBa,
Cama TpajkoBa, Cumona CrojanoBcka-JaknMoBcka, Tapa MojcoBcka,
3aare Crojanocku, Anexcanapa [lnBkoBa-Besjanoscka, Upuna Ilanoscka-CraBpuanc

VYHUBEp3UTEeTCKa KIMHUKA 3a XeMarojoruja, YHuBepsuteT ,,CB. Kupumn m Meroauj“, Menununckn
(akynret, Cromje, PC Makenonuja

Bosen: Tpermanot Ha marueHTHTe co prmtasesnduja XpoMo30M HETaTUBHI MUEIONPOIH(EepaTHBHA
neortazmu (MITH) co Bucok pusnk: ecennmjania rpombonntemuja (ET), Bucturcka monuuremuja (BIT)
1 mpuMapHa muenopuodposa (IIMD), mpeTcraByBa mpeau3BUK. A IMUHUCTpaIlHjaTa Ha ropeginterferon alfa-
2b ce cripoBeayBa HA MOAOIT BPEMEHCKH MHTEPBAI U € acOIMpaH CO MOMaJ IPOIEHT HecakaHu e(eKTH,
HO BO MOMEHTOT O(HITHjaTHa T03BOJIA 3a yIoTpeda uMa camo 3a TpeTMaH Ha BIL.

Marepujaau u metoau: Bo oBaa peTpocrekTuBHa, ONCcepBaIyicka CTyArja 6ea BKIy4eHH BKYITHO
16 nmanent co MITH co Bucok pu3uk u Oea moctaBeHH Ha Teparnuja co ropeginterferon alfa-2b nanaru
MECEUHO, Ha/IBOP 07 0100pPEHOTO MHMKAIMCKO roapadje. [IpocedHOTo Bpeme Ha clie/ienhe Ha MallueHTH-
Te u3HecyBaile 24 Mecenu. Bucokopusznunnte MITH-nanuenTn 6ea neguHupanu criopes pu3nK-CKOpOT
IPSET. Onrosopor Gemre esanmyupan ciopex ELN, IWG-MET EUMNET crannapauzupanu KpUTepuyMu
U nanueHTtuTe Oea ClICICHN 3a eBeHyTallHa [10jaBa Ha HECAKaHW HACTAHMU.

Pesyararu: Op BkynHo 16 manumenTy, 11 (68,8 %) Oea xenu, a 5 (31,2 %) Oea Maxku, co MpoceyHa
Bo3pact ox 36 (17-51); 12 (75 %) nanumentu umaa ET, enen (6,2 %) BII, a tpu (18,8 %) manuentu xu-
nepuenyiapaa ¢gasza Ha [IM®. JAK2V617F myranujara oemie nerekrupana kaj 10 (62,5 %) naruenrwu,
CALR xaj tpu (18,8 %), a Tpu (18,7 %) nanmenTn Oea HETaTWBHU 3a CUTE TPH BOJCUKM MyTauuu. Kaj 7
(43,7 %) nmanentu ropeginterferon alfa-2b Gemie ynorpedeH kako nmpBoJIUHKCKA Tepanuja, a 9 (56,3 %)
Oea MPEeTXOHO JIEKyBaHH CO PYTH TEPATMCKU MOAAIUTETH. Mely OHHMe MaIllMeHTH TOo Oea JeKyBaHH CO
ropeginterferon alfa-2b Bo npBa iMHMja, KOMIUIETEH XeMaTOJIOMIKH OATOBOP Oelie nocturHar kaj 4/7 (57,1
%), mapuujaineH kaj 2/7 (28,6 %) a cydontumaneH onropop Oerire 3abenexan kaj eneH (14,3 %) nanueHT.
KomMriieTeH xemMarosionky oAroBop oete nmocturHar kaj 8/9 (88,9 %) manueHTy mpeTxoIHo JEKYBaHU CO
npyra tepanuja. [IpocedHoTo Bpeme 3a HOpMasiM3alyja Ha KpBHATa CiIMKa Oelle 8 Heleu off TOYHYBambe
Ha Tepamnujara, Bo 031 o JiekoT mery 100 mcg u 300 mcg. Hecakanu edextu 6ea HOTHpaHH Kaj caMo
eneH manuet (6,2 %).

3akay4yok: Hamero nCKycTBO NOKaka JeKa, OKPaj KIMHUKO-XEMATOJIOMIKUOT OJIrOBOP BO MOTJIE]
Ha HOpMaJM3alyjaTa Ha XeMaToJIOIIKUTe apameTpH, ropeginterfeon alfa-2b nma u anexBaren 6e36enHo-
ceH npoduil, 0TBapajKku ja MOXKHOCTA 3a MPOIIUPYBakbe HA HEeroBara yrnorpeda He caMo Kaj MalueHTUTE
co BII tyky u kaj onue co ET u [IM®.

Kiyunu 360poBu:eceHIijaHa TpoMOOIMTEMH]ja, BACTHHCKA TTOMHIIUTEMH]a, TPUMapHa MUEIO(DH-
Opo3a, MuenonponrdepaTiBHN HeoIuta3Mu, ropeginterferon alfa-2b



