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Abstract

Background: Polycythemia vera (PV) is a myeloproliferative neoplasm driven by JAK2 V617F
mutations. Ropeginterferon alfa-2b effectively reduces both hematologic parameters and
JAK?Z allele burden, but molecular monitoring is not always readily available.

Objectives: To evaluate whether a =50% reduction in the neutrophil-to-lymphocyte ratio
(NLR) can serve as a surrogate marker of hematologic and molecular response during
ropeginterferon therapy.

Design: Secondary analysis of a multicenter, phase I, open-label trial in South Korea.

Methods: Ninety-five patients with PV received ropeginterferon alfa-2b biweekly for 48 weeks.

NLR and JAKZ allele burden were serially measured, and generalized estimating equations
and logistic regression were used to assess associations.

Results: NLR half reduction significantly predicted hematologic response (week 24 OR 6.42,
p=0.001) and molecular response consistently across all time points (week 24 OR 27.94,
p<0.001).

Conclusion: NLR half reduction is a simple, cost-effective biomarker that may reflect
molecular response and treatment efficacy in PV.

Plain Language Summary

Half reduction in the ratio of two common blood cells can help track treatment
effectiveness in patients with polycythemia vera receiving ropeginterferon alfa-2b

Polycythemia vera (PV] is a rare blood cancer in which the bone marrow makes too many
red blood cells. This disease is mainly caused by a change in a gene called JAK2, which
leads to uncontrolled blood cell production and long-term inflammation. Doctors treat PV
to reduce the risk of blood clots and to slow disease progression. One modern treatment,
ropeginterferon alfa-2b, helps control blood counts and can reduce the JAK2 mutation
level over time. Measuring the JAK2 mutation (“molecular monitoring”) is an important
part of understanding how well the treatment works. However, this test requires special
laboratory equipment and may not be available in all hospitals. In this study, we looked for
an easier way to monitor treatment response using information from routine blood tests.
We focused on the neutrophil-to-lymphocyte ratio (NLR), which reflects inflammation
in the body and can be calculated from standard blood counts. We found that patients
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polycythemia vera.

whose NLR dropped by at least 50% during treatment—what we called “NLR half
reduction”—were more likely to achieve both good blood control and a decrease in JAK2
mutation levels. This means that NLR half reduction could serve as a simple, low-cost
way to estimate whether the treatment is working, especially in places where molecular
testing is not available. Our findings suggest that regular blood count results could give
doctors useful information about disease activity and treatment success in patients with
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Introduction

Myeloproliferative neoplasms (MPNs) are clonal
hematologic disorders characterized by excessive
production of mature blood cells and dysregulated
inflammatory signaling by malignant clones.!
Polycythemia vera (PV), a common MPN sub-
type, is primarily driven by activating ¥AK2 V617F
mutations, which occur in approximately 97%—
98 % of cases and result in constitutive activation
of the JAK-STAT pathway.?3 Therapeutic strate-
gies for PV have increasingly emphasized not only
hematologic control but also molecular response
(MR), as reductions in J4K2 allele burden are
associated with disease modification and improved
long-term outcomes.*°® Ropeginterferon alfa-2b
(PharmaEssentia, Taipei, Taiwan), a long-acting
monopegylated interferon, has demonstrated
durable efficacy in reducing both hematologic
parameters and ¥4K2 burden, making it a prom-
ising agent for long-term disease control.”*

The neutrophil-to-lymphocyte ratio (NLR),
derived from routine complete blood counts,
serves as an accessible marker of systemic
inflammation and has been explored across vari-
ous malignancies and inflammatory states.!? In
PV, NLR is typically elevated due to panmyelo-
sis with neutrophilia and relative lymphopenia.
Prior studies have shown that NLR levels are
higher in patients with MPNs than in healthy
controls.!12 We hypothesized that dynamic
changes in NLR during treatment may reflect
alterations in disease burden, particularly the
FAK2 V617F allele load, and could therefore
serve as a practical surrogate marker of molecu-
lar response. This study aimed to determine
whether changes in NLR during ropeginterferon

alfa-2b therapy could serve as a biomarker of
treatment response in patients with PV.

Methods

Study design and patients

We conducted a secondary analysis of a phase II,
single-arm, open-label, investigator-initiated trial
evaluating the efficacy of ropeginterferon alfa-2b
in patients with PV across 16 centers in South
Korea.!? The study began in October 2021 and
the core treatment period was completed in
November 2023. Eligible patients were adults
with a diagnosis of PV according to World Health
Organization criteria who were candidates for
interferon therapy; both hydroxyurea-naive and
previously treated patients were included. Patients
with contraindications to interferon therapy,
including uncontrolled autoimmune disease or
significant psychiatric disorders, were excluded in
accordance with the original trial protocol.
Patients received ropeginterferon alfa-2b subcu-
taneously every 2weeks, starting at 250 ug, esca-
lating to 350ug (week 3) and 500ug (week 5),
and maintained thereafter. A total of 95 patients
who received at least one dose were included in
the full analysis set.

Data collection and assessments

In total, 451 serial blood samples were analyzed,
including complete blood counts and ¥AK2 V617F
allele burden measurements at baseline and at
weeks 12, 24, 36, and 48. NLR was calculated as
the ratio of absolute neutrophil count to lympho-
cyte count. Complete hematologic response
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(CHR) was defined according to European
LeukemiaNet (ELN) category B criteria: durable
remission (=12weeks) with hematocrit <45%
without phlebotomy, platelet count <400 X 10%L,
and white blood cell count <10 X 10%/L.. Molecular
response was defined per the ELN 2009 partial
response criteria based on reductions in FAK2
allele burden.

Statistical analysis

Receiver operating characteristic (ROC) analysis
was used to identify a 50% reduction in NLR as
the optimal threshold to associate CHR and MR,
termed “NLR half reduction.” Sensitivity, speci-
ficity, positive predictive value, and negative pre-
dictive value were calculated at each prespecified
time point to evaluate the discriminative perfor-
mance of NLR half reduction. Associations
between NLR half reduction and clinical out-
comes were evaluated using generalized estimat-
ing equations (GEE) with a logit link function to
account for repeated measurements within indi-
viduals over time. Odds ratios (ORs) and 95%
confidence intervals (CIs) were estimated from
these logistic GEE models using an exchangeable
working correlation structure.

Outcomes were assessed at prespecified time points
(weeks 12, 24, 36, and 48), and separate multivari-
able models were constructed for each outcome
(CHR and MR) at each time point. Variables
included in the multivariable models were selected
a priori from baseline demographic and clinical
characteristics summarized in Table S1, including
age, sex, hydroxyurea treatment status (naive vs
pretreated), and alcohol consumption. Statistical
analyses were conducted using R software (version
4.2.2; R Foundation for Statistical Computing,
Vienna, Austria). The reporting of this study con-
forms to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
guidelines.14

Results

Patient characteristics

A total of 95 patients with PV were included in
the full analysis set, with 451 serial blood test
results collected during the 48-week treatment
period. The median age was 58 years (range, 26—
81), and 54% were male. Forty-eight percent had
high-risk PV, 54.7% were hydroxyurea-naive,

and the median disease duration was 907 days.
The median baseline NLR was 4.87 (range,
1.17-32.34; Table S1).

Correlation between NLR and

JAK2? allele burden

We assessed the correlation between FAK2
V617F allele burden and both raw and log-trans-
formed NLR values. While raw NLR showed a
trend toward positive correlation, a statistically
significant association was observed with log-
transformed NLR (Figures S1 and S2), support-
ing its relevance as a marker of molecular disease
activity. Because of wide inter-patient variability
in NLR values, ROC analysis was performed to
identify an optimal, uniform cut-off. A =50%
decrease from baseline—NLR half reduction—
was selected for subsequent analyses (Figure 1).

Association of NLR half reduction

with treatment response

In multivariate analysis, NLR half reduction was
not independently associated with CHR at week
12; instead, alcohol consumption (OR 2.37,
p=0.022) and hydroxyurea-naive status were the
only independent predictors of early CHR. NLR
half reduction significantly predicted CHR at
week 24 (OR 6.42, p=0.001) and week 36 (OR
4.34, p=0.006), with a similar but non-signifi-
cant trend at week 48.

For molecular response, NLR half reduction was
a strong and consistent predictor across all time
points: week 12 (OR 7.49, p=0.001), week 24
(OR 27.94, p<0.001), week 36 (OR 29.62,
$<0.001), and week 48 (OR 20.58, p<<0.001).
Younger age was also associated with MR at week
24 (OR 0.93, p=0.015; Table 1).

Sensitivity and specificity analyses based on ROC
curves demonstrated that NLR half reduction
showed moderate to good discriminative perfor-
mance for molecular response, particularly at weeks
24-48, whereas its accuracy for predicting CHR
was modest across time points (Figures S3 and S4).

Association of NLR half reduction

with clinical events

During the 48-week core study period, three
thrombotic events and one case of myelofibrotic
transformation were observed. Because these
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Figure 1. ROC curves for CHR and MR prediction based on NLR reduction. (a) ROC curve for predicting CHR
across all assessment time points. The optimal NLR reduction cut-off was -0.51, with an AUC of 0.671 (95% Cl:
0.614-0.728, p<0.0001). (b) ROC curve for predicting MR across all assessment time points. The same NLR
reduction cut-off (-0.51) yielded an AUC of 0.807 (95% ClI: 0.757-0.856, p < 0.0001).

AUC, area under the curve; CHR, complete hematologic response; MR, molecular response; NLR, neutrophil-to-lymphocyte

ratio; ROC, receiver operating characteristic.

events did not consistently coincide with sched-
uled study visits, NLR half reduction status at the
most recent regular visit preceding the event was
used for analysis. Event rates were lower among
patients who had achieved NLR half reduction
compared with those who had not (1.7% vs
9.1%). NLR half reduction was associated with a
lower odds of thrombotic or myelofibrotic events
(OR 0.17, 95% CI: 0.003-2.18), although this
association did not reach statistical significance
due to the small number of events (Fisher’s exact
test, p=0.119).

Discussion

Our findings demonstrate that a =50% reduction
in the NLR during ropeginterferon alfa-2b ther-
apy is significantly associated with both hemato-
logic and molecular responses in patients with
PV. In particular, the consistent association with
MR across all time points supports NLR half
reduction as a dynamic biomarker of treatment
efficacy.

While hematologic response mitigates immediate
clinical risks such as thrombosis, molecular
response—defined by reductions in ¥4K2 allele

burden—is increasingly recognized as a surrogate
for disease modification.* In the present study,
MR was defined according to the ELN 2009 cri-
teria, which take into account relative reductions
in JAK2 V617F allele burden from baseline.
Importantly, the clinical and biological signifi-
cance of MR may vary depending on the absolute
allele burden at baseline, as patients with lower
initial allele burdens may achieve ELN-defined
responses with smaller absolute changes. This
inherent characteristic of the ELN definition
should be considered when interpreting the asso-
ciation between NLR dynamics and MR.
Sustained molecular responses are associated
with improved outcomes, including a lower risk
of myelofibrotic transformation and leukemic
progression.® However, molecular monitoring
often requires specialized testing and may not be
routinely available in all clinical settings.

NLR offers a practical and accessible alternative.
Easily derived from complete blood counts, it
provides a real-time, cost-effective, and univer-
sally available tool. Its utility may be particularly
high in resource-limited environments or for
treatment monitoring between allele burden
assessments. Moreover, recent evidence suggests
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that patients with high baseline NLR may exhibit
greater sensitivity to interferon therapy.!> Another
prospective study also demonstrated that NLR
=5 was independently associated with increased
mortality and a more proliferative PV phenotype,
reinforcing its potential as a clinical biomarker.1©
Our data extend these observations by showing
that treatment-induced reductions in NLR—not
just baseline values—are predictive of molecular
response. Notably, NLR half reduction was not
associated with CHR at the early 12-week time
point, at which alcohol consumption and treat-
ment-related factors were more strongly associ-
ated with hematologic response. This finding
suggests that early hematologic responses may
reflect patient- or treatment-related characteris-
tics, whereas NLR kinetics become more inform-
ative for sustained hematologic and molecular
responses over time. Collectively, these findings
suggest that NLR may serve not only as a prog-
nostic marker but also as a biomarker associated
with response to interferon therapy, potentially
informing individualized treatment strategies. In
exploratory ROC analyses, NLR half reduction
showed moderate discriminative performance for
molecular response, particularly at later time
points, whereas its performance for CHR was
more modest. These findings support the role of
NLR half reduction primarily as an associated
biomarker of molecular response rather than as a
standalone predictive tool.

In an exploratory post hoc analysis of clinical
events, patients who achieved NLR half reduc-
tion showed a lower incidence of thrombotic or
myelofibrotic events compared with those who
did not. Although these findings suggest a poten-
tial association between NLR dynamics and dis-
ease-related complications, they should be
interpreted with caution, given the small number
of events and the lack of NLR measurements at
the exact time of event occurrence.

Limitations

This study has several limitations. It was a sec-
ondary analysis of a single-arm, non-randomized
trial, and causal inference cannot be established
due to its observational design. The present anal-
ysis was also limited to the 48-week core treat-
ment period of the trial; therefore, more
comprehensive evaluations of long-term clinical
outcomes and hematologic toxicity will be more

Table 1. Multivariate regression analysis for predictors of CHR and MR.

Variables OR [95% ClI] p Value
Predictors for CHR
At 12weeks
HU naive 4.24[1.05-17.19] 0.043
Alcohol 2.37 [1.13-4.94] 0.022
At 24 weeks
NLR half reduction 6.42[2.11-19.50] 0.001
At 36 weeks
NLR half reduction 4.34[1.52-12.40] 0.006
At 48 weeks
NLR half reduction 2.99 [0.88-10.14] 0.079
Predictors for MR
At 12weeks
NLR half reduction 7.49 [2.41-23.27] 0.001
At 24 weeks
Age 0.93[0.88-0.99] 0.015
NLR half reduction 27.94[6.11-127.81] <0.001
At 36weeks
NLR half reduction 29.62[6.27-139.84] <0.001
At 48 weeks
NLR half reduction 20.58 [5.00-84.78] <0.001
Sex (Ref. Male) 3.64[0.96-13.71] 0.057

CHR, complete hematologic response; HU, hydroxyurea; MR, molecular response;

NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio.

appropriately addressed upon completion of the
ongoing extended follow-up study. The small
number of thrombotic and myelofibrotic events
and the lack of NLR measurements at the exact
time of event occurrence limited the ability to
draw definitive conclusions regarding the associa-
tion between NLR reduction and clinical events.
In addition, we did not perform stratified analyses
according to baseline J4K2 V617F allele burden
categories, which may further refine the interpre-
tation of molecular response and represents an
important area for future investigation.
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Conclusion

Nonetheless, the consistent association between
NLR half reduction and MR suggests that NLR
may serve as a simple and cost-effective surro-
gate marker in clinical practice where molecular
testing is not always feasible. Future prospective
and randomized studies are warranted to vali-
date the role of NLR kinetics as a surrogate
marker and to define its place in the therapeutic
monitoring of PV.
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