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Abstract

To prevent thrombosis in patients with polycythemia vera (PV), achieving a complete

hematologic response (CHR) is highly recommended in practice. In addition, a reduced

JAK2 V617F mutation burden is expected to have a disease-modifying effect, and its

molecular response (MR) is currently of significant interest. This study aimed to assess

the association between CHR and MR in patients with PV following treatment with

ropeginterferon alfa-2b. This phase 2, single-arm, open-label, investigator-initiated trial

Abbreviations: CHR, complete hematologic response; ECOG, Eastern Cooperative Oncology Group; ELN, European LeukemiaNet; Hct, hematocrit; ICTRP, International Clinical Trials Registry

Platform; IFNα, interferon-α; MPNs, myeloproliferative neoplasms; MPN-SAF TSS, MPN Symptoms Assessment Form Total Symptom Score; MR, molecular response; PV, polycythemia vera;

SAE, serious adverse event; TEAE, treatment-emergent adverse event; TRAE, treatment-related adverse event; WBCs, white blood cells; WHO, World Health Organization.
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was conducted at 16 sites in South Korea. Ninety-nine patients were treated with

ropeginterferon alfa-2b subcutaneously every 2 weeks, at doses of 250 μg (week 1),

350 μg (week 3), and 500 μg (week 5), until week 48. CHRs were 27% (25/94), 46%

(40/87), 56% (47/84), and 63% (51/81) at 12, 24, 36, and 48 weeks, respectively. The

MR rates were 32% (28/88), 36% (29/81), 49% (38/77), and 57% (42/74) at 12, 24,

36, and 48 weeks, respectively. The Phi Coefficient for the association between CHR

and MR was 0.6146 (p < .0001) at 48 weeks. In the subgroup analysis, patients with

hydroxyurea resistance or intolerance, and those who were hydroxyurea-naïve, had

similar results in terms of the CHR. In conclusion, CHR and MR were observed to be

associated in patients with PV treated with ropeginterferon.

K E YWORD S

association, CHR, MR, polycythemia vera, ropeginterferon alfa-2b

What's New?

Current treatment goals for polycythemia vera, a myeloproliferative neoplasm characterized by

JAK2 mutations, are mainly to prevent thrombosis. While ropeginterferon alfa-2b treatment also

reduces JAK2 mutation burden, the correlation between the hematologic and molecular

responses remains to be clarified. This single-arm phase 2 study investigated the treatment

response to ropeginterferon alfa-2b as assessed by hematologic parameters and molecular

markers and evaluated their association in patients with polycythemia vera requiring cytoreduc-

tive therapy. Patients who achieved a hematologic response exhibited a substantially reduced

JAK2 mutation burden compared to non-responders. Molecular response was also associated

with hydroxyurea-naïve status and being female.

1 | INTRODUCTION

Polycythemia vera (PV) is one of the most prevalent myeloprolifera-

tive neoplasms (MPNs), identified by the presence of activating

somatic mutations in the JAK2 gene and characterized by excessive

production of red blood cells, platelets, and neutrophils. The JAK2

Val617Phe point mutation was discovered in 2005.1 This point

mutation replaces valine with phenylalanine at codon 617 of the

JAK2 gene and is present in 90% or more of patients with PV. It has

a significant impact on the manifestation of clinical symptoms and

disease progression. Current treatment goals for PV are to prevent

thrombosis and manage symptoms. Phlebotomy, with a hematocrit

(Hct) target of <45%, and daily low-dose acetylsalicylic acid are con-

sidered standards of care for initial therapy regardless of disease

risk.2–4 Ropeginterferon alfa-2b is a recommended regimen for low-

risk patients, as well as high-risk patients, who require cytoreductive

therapy.3,5

The mechanism of interferon-α (IFNα) action remains unclear;

however, IFNα has an apoptotic effect on JAK2 V617F progenitor

cells, leading to a significant and durable reduction in the JAK2 muta-

tion burden.6–11 Increasing evidence suggests that IFNα treatment

may have disease-modifying potential,12 likely attributable to its abil-

ity to reduce JAK2 mutation burdens, which are integral to the patho-

genesis of PV.13–15 A meta-analysis revealed a robust positive

association between JAK2 V617F allele burden and white blood

cells (WBCs) and an increased risk of disease progression to

myelofibrosis.16

Several studies with IFNα, including the ropeginterferon alfa-2b,

have reported an association between hematologic response and

molecular response (MR).17,18 However, the correlation between

molecular and clinical response remains to be clarified. Therefore, this

study investigated the hematologic response and MR in patients with

PV requiring cytoreductive therapy with ropeginterferon alfa-2b. We

analyzed the associations between these responses and the safety

and tolerability of ropeginterferon alfa-2b.

2 | METHODS

2.1 | Study design

This phase 2, single-arm, open-label, investigator-initiated trial was con-

ducted at 16 sites in South Korea. The primary endpoint was the hema-

tologic response and MR to ropeginterferon alfa-2b and the association

between the hematological response and MR. The study was designed

to enroll 93 patients. The study was originally planned for 48 weeks

but has been extended to 168 weeks (3 years) and is ongoing during

the extension period. Further information regarding the study protocol,

the clinical laboratory, the endpoints of the trial, the interruption of

dosing, and additional results can be found in Appendix S1.
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2.2 | Inclusion and exclusion criteria

Patients who were diagnosed with PV according to the 2016 World

Health Organization (WHO) criteria and requiring cytoreductive ther-

apy, regardless of risk and previous treatment, were eligible if they

were ≥19 years of age, were historically confirmed JAK2 V617F posi-

tive, and had an elevated hematocrit of over 45% at screening. The

exclusion criteria included contraindications to the use of any inter-

feron and pregnant or lactating women. For a comprehensive list of

inclusion and exclusion criteria, please refer to Appendix S1.

2.3 | Treatment schedule

Patients were treated with ropeginterferon alfa-2b, subcutaneously every

2 weeks, at a starting dose of 250 mcg, followed by 350 mcg at week

2, 500 mcg at week 4, and then until week 48 for the Core study period.

Self-injection was allowed, and patients were required to maintain a self-

injection diary to monitor compliance. Dose interruptions and reductions

were permitted according to tolerability. Treatment was discontinued in

cases of unresolved treatment-related toxicity, loss of treatment efficacy,

or withdrawal of consent. All patients received a low dose of acetylsa-

licylic acid during the study unless contraindicated. Other cytoreductive

therapies were not permitted; however, the combination of phlebotomy

with P1101 was allowed at the discretion of the investigator.

2.4 | Patient evaluation

Patients were assessed every 12 weeks. Hematological parameters and

chemistry were assessed in a local laboratory at each site. Quantitative

JAK2 V617F allele burden (JAK2 Val617Phe Ipsogen® JAK2 MutaQuant

kit) was assessed centrally. The hydroxyurea resistance and intolerance cri-

teria defined by modified European LeukemiaNet (ELN) criteria were

applied in this study. Patient quality of life was evaluated using the Eastern

Cooperative Oncology Group (ECOG) score and MPN Symptoms Assess-

ment Form Total Symptom Score (MPN-SAF TSS). Safety was assessed at

each patient visit on the basis of reported adverse events, hematology,

clinical chemistry, electrocardiography, and chest radiography.

2.5 | Hematologic response criteria

A complete hematologic response (CHR) was defined by ELN

criteria category B: durable (lasting at least 12 weeks) peripheral blood

count remission, defined as hematocrit lower than 45% without phle-

botomies; a platelet count ≤400 � 109/L, WBC count <10 � 109/L.

2.6 | Molecular response criteria

MR was defined as a partial response on the basis of the 2009 ELN

response criteria: (1) a reduction of ≥50% from the baseline value in

patients with <50% mutant allele burden at baseline or (2) a reduction

of ≥25% from the baseline value in patients with >50% mutant allele

burden at baseline (applies only to a patient with a baseline value of

mutant allele burden greater than 10%).

2.7 | Statistical analyses

Primary analyses of the associations between MR and CHR at the last

time point in the core study (48 weeks) were performed using the

Chi-squared test. Furthermore, the Phi coefficient was calculated to

determine the degree of association between CHR and MR. Similarly,

a comparison of decreased percentages of JAK2 V617F in hematologi-

cal responders and non-responders was performed using a two-

sample t-test or Wilcoxon's rank sum test at every assessment time

point. Univariate and multivariate logistic regression analyses were

performed to identify associations between clinical factors and

MR. Variables with a p value <.05 in the univariable analysis were con-

sidered for multivariable analysis. Time-to-event outcomes as second-

ary endpoints were analyzed using Kaplan–Meier survival analysis. All

efficacy endpoints used a full analysis set defined as subjects who

received at least one dose of ropeginterferon alfa-2b and met the

inclusion/exclusion criteria with all data available for primary endpoint

evaluation post-baseline at least once. The safety endpoint was

TABLE 1 Demographics and baseline characteristics.

Total (n = 95)

Age, years, median (range) 58.0 (25–81)

Sex, no. (%)

Female 44 (46.3)

Male 51 (53.7)

PV diagnosis, months, median (range) 32.43 (0.03–225.79)

Risk stratification, no. (%)

Low 54 (56.8)

High 41 (43.2)

Hypertension, no. (%) 39 (41)

Diabetes, no. (%) 15 (16)

Aspirin use, no. (%) 75 (78.9)

Anticoagulant use, no. (%) 7 (7.4)

MPN-SAF TSS score, median (range) 13.0 (0.0–60.0)

Hct (%), median (range) 49.6 (45.1–62.1)

Hgb (g/dL), median (range) 15.6 (12.0–21.0)

Platelets (109/L), median (range) 545.0 (162–1772)

WBC (109/L), median (range) 13.20 (4.91–48.57)

ANC (109/L), median (range) 10.33 (2.67–42.26)

RBC (106/L), median (range) 6.15 (4.23–8.87)

JAK2 V617F mutation (%), range (n = 94a) 69.89 (0.44–97.17)

Abbreviations: ANC, absolute neutrophil count; Hct, hematocrit; Hgb,

hemoglobin; HU, hydroxyurea; R/I, resistance or intolerance; RBC, red

blood cell; WBC, white blood cell.
aOne patient baseline was omitted.
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evaluated with a safety set defined as subjects who received at least

one dose of ropeginterferon alfa-2b. If available, the last visit data of

patients who dropped out were included at the previous time point

of the assessment visit. All analyses were performed using SAS soft-

ware version 9.4 (SAS Institute, Cary, NC, USA) and R version 4.2.2

(R Foundation For Statistical Computing, Vienna, Austria).

3 | RESULTS

3.1 | Patient characteristics

The study started in October 2021, and the core treatment period

was completed in November 2023. Ninety-nine patients were

enrolled, and 79 completed the core treatment (Figure S1). The

median age of the patients was 58 years, with 51 males (54%) and

44 females (46%), 43 (45%) of whom were resistant and intolerant to

hydroxyurea. There were 54 (57%) and 41 (43%) low and high-risk

patients, respectively. The median duration from diagnosis to enroll-

ment was 32.4 months (range, 0.03–225.8) and the details of the

baseline characteristics are described in Tables 1 and S4. According to

the analysis set definition, 95 patients were included in the full analy-

sis set, and 99 patients were included in the safety analysis set.

3.2 | Complete hematologic response

The CHR gradually increased during the treatment period and was 27%

(25/94), 46% (40/87), 56% (47/84), and 63% (51/81) at 12, 24, 36, and

48 weeks, respectively (Figure 1A). The median time to reach the 1st

CHR following the 1st injection was 250 days (95% CI: 169, 335)

(Figure 1B). The average P1101 dose is presented in Table S2. The main

reason for being assessed as non-responders was an elevated hematocrit

level. Other causes are listed in Table S1. Normalization of hematocrit

levels took place after 24 weeks of treatment. Median and mean WBC

and platelet counts were normalized after 12 weeks of treatment.

Complete Hematologic Response

Molecular Response

Time to reach 1st CHR after 1st Injection

Time to reach 1st MR after 1 st Injection

(A)

(C)

(B)

(D)

(26.6%)
(45.98%)

(55.95%)
(62.96%)

(31.82%) (35.8%)
(49.35%) (56.76%)

A
B

C

N: Non-responder
R: Responder
*P value: McNemar test

A. N->R: 19 patients

B. N->R: 10 patients

C. N->R: 9 patients

R->N: 3 patients
(p<0.0006)

R->N: 2 patients
(p=0.0209)

R->N: 4 patients
(p=0.1655)

*A->C (p<0.0001)

N: Non-responder
R: Responder
*P value: McNemar test

R->N: 2 patients
(p=0.4142)

R->N: 2 patients
(p=0.0045)

R->N: 3 patients
(p=0.1317)

*A->C (p=0.0006)

A. N->R: 4 patients

B. N->R: 11 patients

C. N->R: 8 patientsA
B C

F IGURE 1 Complete hematology and molecular response. (A) Sankey-style patient flow chart for Complete Hematology Response (CHR) rate
by assessment visit. (B) Time to reach 1st CHR after the 1st injection of ropeginterferon alfa-2b. (C) Sankey-style patient flow chart for molecular
response (MR) rate by assessment visit. (D) Time to reach 1st MR after the 1st injection of ropeginterferon alfa-2b.
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Overall, the CHR rate increased steadily throughout the treatment

period, regardless of subgroups (Figures S3–S5). In particular, a high CHR

rate was observed in the hydroxyurea-naïve group at all assessment

visits; however, the difference between the two patient groups gradually

decreased and was not significant at 48 weeks (71%, 32 out of 45; 53%,

19 out of 36, respectively; p = .0917) (Table S5).

3.3 | Molecular response

Since the evaluation of responders only applied to patients with a

baseline value of JAK2 V617F allele burden >10% as per the defini-

tion, the total number of evaluated patients differed between CHR

and MR. MR showed an increasing trend similar to that of CHR, with

32% (28/88), 36% (29/81), 49% (38/77), and 57% (42/74) at 12, 24,

36, and 48 weeks, respectively (Figure 1C). The median time to

achieve the 1st MR after the 1st injection was 334 days (95% CI:

251, NA) (Figure 1D). At 48 weeks, changes in the JAK2 V617F allele

burden from baseline were observed depending on whether CHR was

achieved (Figure 2). Overall, a trend toward increasing MR and a

steady decrease in mean and median absolute JAK2 V617F allele bur-

den were observed during treatment. In contrast, the reduction was

slower in the hydroxyurea-resistant or intolerant groups than that in

the hydroxyurea-naïve group (Table S6 and Figure S4).

3.4 | Association between complete hematologic
response and molecular response

A statistically significant association was observed between CHR and

MR, with a particularly strong association at 48 weeks (Table 2).

Furthermore, a greater percentage reduction in JAK2 V617F allele

burden was observed in CHR responders than in non-responders at

each assessment point (�57.40 ± 26.21 vs. �16.14 ± 23.51, p < .0001

in 48 weeks, CHR responders vs. non-responders) (Table 3, Figure S2). In

addition, when CHR was analyzed by its individual parameters, Hct,

WBC, and Platelets, a significant association was observed between

responders for each parameter and the achievement of MR at 48 weeks.

In addition, the responder group had a substantial reduction in the JAK2

V617F allele burden (Table 3).

The baseline characteristics of patients who achieved MR differed

according to sex, subgroup related to hydroxyurea, and baseline JAK2

V617F allele burden, but no other clinical or hematologic variables

were significantly different. In particular, baseline JAK2 V617F allele

burden was significantly lower in MR non-responders (60.0%

± 24.3%) than in responders (71.5% ± 15.5%) (p = .023). Achievement

of CHR, hematocrit response, platelet response at 48 weeks, and early

achievement of CHR at 12 weeks of treatment were significantly dif-

ferent between MR responders and non-responders (Table 2).

We then performed univariable and multivariable analyses of factors

potentially impacting the achievement of MR. Univariable analysis dis-

closed female gender (OR 3.76; 95% CI 1.44–10.5; p = .009), hydroxy-

urea naïve (OR 0.27; 95% CI 0.10–0.70; p = .008), CHR responder

(OR 20.9; 95% CI 6.39–85.1; p < .001), hematocrit responder (OR 16.7;

95% CI 4.79–79.6; p < .001), platelet responder (OR 9.46; 95% CI

1.50–184; p = .043), CHR responder at 12 weeks (OR 9.23; 95% CI

2.34–61.9; p = .005), and baseline JAK2 V617F allele burden (OR 1.03;

95% CI 1.01–1.06; p = .019) were significantly associated with

MR. Female gender, hydroxyurea naïve, CHR responder, and CHR

responder at 12 weeks were significantly associated with the achievement

of MR in multivariable analysis. Hematocrit and platelet responders were

excluded from the multivariable analysis model due to their multicollinear-

ity with CHR responders (Table 4).

3.5 | Safety and tolerability

In terms of safety, 192 treatment-emergent adverse events (TEAEs)

and 110 treatment-related adverse events (TRAEs) were reported. In

addition, 76% of patients experienced at least one TEAE, but most

were mild or moderate in intensity. The most common TRAEs (%, n/99)

were alopecia (13%, n = 13) and hepatobiliary-related adverse events

(35%, n = 35). The onset of TRAEs varied during the treatment period.

TRAEs related to the hepatobiliary system and alopecia were fre-

quently reported during the 85–168 days of treatment following the

first injection of ropeginterferon alfa-2b, whereas general disorders

(e.g., Flu-like syndrome, fatigue, and asthenia) were frequently reported

during all time points of treatment. A total of 16 serious adverse events

(SAEs) were reported, five of which were assessed as drug-related

adverse events (anemia, stable angina, hepatotoxicity, increased triglyc-

eride levels, and bipolar disorder). No Grade 4 or 5 adverse events were

observed. Treatment was discontinued in two patients due to TRAEs.

Details of the adverse events are summarized in Table S3 and

Figure S6. There were no deaths reported, and one patient reported

disease progression during the core treatment period.

1 6 11 17 23 29 35 41 47 53 59 65 71 77

Complete hematologic response
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F IGURE 2 Waterfall plot of percentage of change from baseline
in JAK2 V617F allele burden in patients at 48 weeks based on
response to CHR.
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4 | DISCUSSION

A previous study of ropeginterferon alfa-2b, the PROUD/

CONTINUATION trial, did not evaluate the correlation between

molecular responses and outcomes.13,19 In our study, we found an

association between CHR and MR. Specifically, the group that

achieved CHR during treatment had a reduced burden of the JAK2

V617F allele compared with the group that did not achieve CHR.

TABLE 2 Factors including baseline clinical, hematologic characteristics and response at 48 weeks for association analysis by molecular
response.

Parameters All patients (N = 74)

Molecular response

p valueResponder (n = 42) Non-responder (n = 32)

Age, years, mean ± SD 55.2 ± 11.8 54.1 ± 13.1 56.7 ± 10.0 .355

Sex, no. (%)

Male 40 (54.1%) 17 (40.5%) 23 (71.9%) .014

Female 34 (45.9%) 25 (59.5%) 9 (28.1%)

Disease risk, no. (%)

Low 44 (59.5%) 27 (64.3%) 17 (53.1%) .466

High 30 (40.5%) 15 (35.7%) 15 (46.9%)

Hydroxyurea, no. (%)

Naïve 41 (55.4%) 29 (69.0%) 12 (37.5%) .014

R/I 33 (44.6%) 13 (31.0%) 20 (62.5%)

Baseline Hct (%), median [Q1; Q3] 49.7 [47.2; 52.6] 50.2 [47.4; 54.0] 48.5 [46.9; 51.4] .181

Baseline WBC (109/L), median [Q1; Q3] 13.3 [10.7; 16.7] 13.6 [12.3; 16.9] 11.8 [9.5; 16.5] .144

Baseline platelet (109/L), median [Q1; Q3] 562.0 [425.0; 688.0] 562.0 [396.0; 682.0] 566.5 [437.5; 716.0] .806

Baseline JAK2 V617F mutation (%), mean ± SD 66.5 ± 20.5 71.5 ± 15.5 60.0 ± 24.3 .023

Baseline WBC >10 � 109/L

Yes 58 (78.4%) 35 (83.3%) 23 (71.9%) .367

No 16 (21.6%) 7 (16.7%) 9 (28.1%)

Baseline WBC >15 � 109/L

Yes 27 (36.5%) 16 (38.1%) 11 (34.4%) .932

No 47 (63.5%) 26 (61.9%) 21 (65.6%)

Baseline platelet >1000 � 109/L

Yes 5 (6.8%) 3 (7.1%) 2 (6.2%) 1.000

No 69 (93.2%) 39 (92.9%) 30 (90.8%)

CHR, no. (%) Phi coefficient 0.6146

Yes 48 (64.9%) 38 (90.5%) 10 (31.2%) .000

No 26 (35.1%) 4 (9.5%) 22 (68.8%)

Hct responder, no. (%) Phi coefficient 0.5396

Yes 53 (71.6%) 39 (92.9%) 14 (43.8%) .000

No 21 (28.4%) 3 (7.1%) 18 (56.2%)

WBC responder, no. (%) Phi coefficient 0.2739

Yes 70 (94.6%) 42 (100.0%) 28 (87.5%) .031

No 4 (5.4%) 0 (0.0%) 4 (12.5%)

Platelet responder, no. (%) Phi coefficient 0.2771

Yes 67 (90.5%) 41 (97.6%) 26 (81.2%) .038

No 7 (9.5%) 1 (2.4%) 6 (18.8%)

Early CHR achievement, no. (%)

Yes 18 (24.3%) 16 (38.1%) 2 (6.2%) .004

No 56 (75.7%) 26 (61.9%) 30 (93.8%)

Note: p value calculated t-test or Mann–Whitney U-test in continuous variables depend on Shapiro–Wilk test results. Chi-square test was performed for p

value in categorical variables, Fisher's exact test was performed if expected cell value <5.
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Furthermore, our findings suggest that, in addition to CHR, achieve-

ment of MR was also associated with the hydroxyurea-naïve subgroup

and female patients. These results are consistent with the findings

from the PEGINVERA study.18 However, in a recent JAK2 inhibitor

study from Guglielmelli et al., the occurrence of a CCHR (complete

clinical and hematologic response) was poorly correlated with the

achievement of molecular responses and main clinical outcomes,20

which is in contrast to the results of our study. We assumed that the

mechanism of action of interferon-α may account for this difference.

Ropeginterferon alfa-2b is a PEGylated recombinant IFN-α-based agent

that selectively inhibits malignant cells that drive neoplasms at the cel-

lular level.21 Therefore, it effectively induces a durable response in

hematologic and molecular parameters compared with other cytoreduc-

tive agents. Notably, the achievement of early CHR at 12 weeks of

ropeginterferon alfa-2b treatment was associated with a favorable MR,

suggesting that this subgroup of patients may be particularly sensitive

to interferon treatment, but further investigation is needed.

Our study has several limitations. Since the discovery of the JAK2

V617F mutation, many studies have demonstrated that the achieve-

ment of an MR is associated with slower disease progression and

event-free survival.13,14,20,22 In addition, a high JAK2 V617F allele bur-

den is a strong predictor of thrombosis and negative clinical

outcomes,20 and these results suggest that reducing JAK2 V617F is

important for preventing thrombosis, which is one of the treatment

goals of PV. Furthermore, other factors, such as spleen size, symptom

burden, and additional mutations, are associated with progression and

overall survival.20 However, the duration of our study was relatively

short, and spleen size, bone marrow examination, or other mutations

were not evaluated in this study. Owing to the short follow-up period,

it was not possible to definitively establish whether ropeginterferon

alfa-2b treatment prevents thrombosis or improves survival rates. An

ongoing extension study is being conducted to further evaluate the

long-term efficacy and safety of ropeginterferon alfa 2b, as well

as event-free and overall survival, as a treatment option for PV.

Moreover, some studies have suggested that achieving deep MR

could potentially lead to disease modification in PV.23,24 Despite the

short follow-up period in our study, the observed trend of decreasing

JAK2 V617F allele burden suggests the potential for deep or complete

MR in the future.

The clinical meaning of JAK2 V617F reduction and achievement

of MR remains a subject of ongoing debate.25 Furthermore, the neces-

sity of continuous monitoring of JAK2 V617F allele burden through-

out treatment, akin to hematologic parameters, is still contested and is

not yet considered a mandatory parameter for routine monitoring.

Despite this, our findings support the value of continuous monitoring

of JAK2 V617F allele burden, which has clinical benefits in patients

with PV treated with ropeginterferon alfa-2b.

In conclusion, an association between CHR and MR has been

established, and ropeginterferon alfa 2b has demonstrated favorable

clinical results for the treatment of patients with PV who require

cytoreductive therapy.
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