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We analyzed the neutrophil-to-lymphocyte ratio (NLR) in 1508 patients with PV and found that those with an NLR > 5 were
generally older, had a longer disease history, and had higher cardiovascular risk factors, more arterial thrombosis, and more
aggressive blood counts, indicating a more proliferative disease. NLR was an accurate predictor of mortality, with patients with
NLR =5 having significantly worse overall survival and more than twice the mortality rate compared to those with NLR < 5.
Multivariable models confirmed that increasing age, previous venous thrombosis and NLR = 5 were strong predictors of death,
further influenced by cardiovascular risk factors. We examined the interaction between NLR and the number of cardiovascular risk
factors and found a progressive trend of increased mortality risk for NLR values > 5 in addition to the presence of more than one
risk factor. In conclusion, patients with NLR = 5 require careful monitoring and management of cardiovascular risk factors because
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they increase mortality when associated with progressive levels of NLR.
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INTRODUCTION

In polycythemia vera (PV), essential thrombocythemia (ET), and
primary myelofibrosis (PMF), systemic chronic inflammation plays
a central role in disease development and progression [1, 2]. These
myeloproliferative neoplasms (MPNs) are driven by somatic gene
mutations (JAK2V617F, MPL and CALR) that give rise to mutated
cells, leading to elevated levels of inflammatory cytokines, such as
interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factor-
alpha (TNF-a), along with dysregulation of the adaptive immune
system [1, 3].

Non-mutated inflammatory cells also contribute to this
inflammatory response, exacerbating cytokine overproduction
and impairing the immune system’s ability to regulate these
cytokine levels [3]. The result is a state of chronic systemic
inflammation that fuels the expansion of neoplastic clones [1].

This process may be further influenced by external factors
related to the patient and environment. Identified risk factors
include aging, chemotherapy, radiation treatments, inflamma-
tory conditions, germline variants, and lifestyle factors such as
smoking, body mass index, diet, and diabetes. Smoking, in
particular, significantly contributes to the chronic inflammatory
state in MPNs and is recognized as a precursor to several
chronic diseases, including cardiovascular disease, chronic
obstructive pulmonary disease, and various cancers, including
MPN [4, 5].

Inflammatory biomarkers such as C-reactive protein and
pentraxin-3 have been correlated with the risk of thrombosis [6]
and disease progression in MPN and have been correlated with
JAK2V617F allele burden [7]. Recently, the neutrophil-to-
lymphocyte ratio (NLR) has emerged as a prognostic biomarker
in several chronic inflammatory diseases and cancer [8, 9] has
been correlated with the incidence of venous thrombosis in MPN
[101. In MPN, neutrophils circulate in an activated state and
participate in the inflammatory processes not only by producing
cytokines associated with clonal hematopoiesis and the formation
of neutrophil extracellular traps, but also by directly interacting
with tissue macrophages and dendritic cells. The key role of
lymphocyte subsets in this neutrophil-induced inflammation is to
modulate their functions [11, 12].

Neutrophilia, often associated with relative lymphocytopenia,
reflects a significant decrease in the cell-mediated adaptive
immune response, and the NLR effectively captures the balance
between the potentially deleterious effects of neutrophilia and the
beneficial effects of lymphocyte-mediated adaptive immunity
[11,12].

Although a large body of literature supports the prognostic
potential of NLR in the general population and in cancer, its
translation into clinical practice remains challenging, as the
strength of the association between NLR and overall survival
varies significantly between studies, possibly due to differences in
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patient subgroup analyses. In particular, the predictive value of
high NLR levels for mortality in polycythemia vera remains unclear.
However, recent evidence suggests that higher NLR levels may be
associated with increased mortality in MPN patients, especially
when associated with comorbid conditions [13]. This intriguing
observation warrants further validation in different MPN sub-
groups to establish clinically meaningful thresholds for risk
stratification and correlation with relevant outcomes. In addition,
it remains to be determined whether NLR can serve as a predictive
biomarker for response to therapy beyond its role as a prognostic
indicator.

In this study, we analyzed the neutrophil-to-lymphocyte ratio
(NLR) in a large cohort of PV patients from the ECLAP trial with a
median follow-up of 2.8 years (IQR 1.9-3.8). Our objectives were (1)
to describe the disease burden associated with different NLR
levels, (2) to assess the independent prognostic value of NLR for
mortality, and (3) to evaluate whether the predictive power of NLR
for mortality is influenced by conventional risk factors for
thrombosis, which remains the leading cause of mortality in PV
patients.

PATIENTS AND METHODS

Patients

The European Collaboration on Low-Dose Aspirin in Polycythemia Vera
(ECLAP) trial included PV patients with new and old diagnoses made
according to World Health Organization (WHO) 2008 diagnostic criteria with
no exclusion criteria with respect to age, therapy, or duration of disease.
Treatment strategies had to comply with the recommendation of maintaining
the hematocrit value at less than 0.45 and the platelet count at less than
400 % 109/L. Clinical outcomes during the prospective follow-up were
recorded at follow-up visits at 12, 24, 36, 48, and 60 months. Out of the
1638 patients of the whole cohort [14] included in the ECLAP study, 1508
were selected for this analysis as they had details on blood count and
differential at enrollment. Events were diagnosed as previously described [15].

Statistical analysis

Descriptive statistics were used to summarize patients’ characteristics at
baseline. Continuous variables were summarized by median and
interquartile range, and categorical variables were presented as frequen-
cies and percentages. Characteristics of study population were stratified for
NLR levels at baseline and differences between groups were tested with
the chi-squared test (or Fisher's exact test, where appropriate) or the rank-
sum test for categorical or continuous variables, respectively.

Generalized additive models (GAMs) were used to investigate the
association between blood counts and risk of death. This approach allows
for capturing potential non-linear relationships between neutrophils,
lymphocytes, NLR and mortality risk. Hazard ratio (HR) estimates and their
95% confidence intervals were plotted on a logarithmic scale.

Overall survival was estimated using the Kaplan-Meier method: the log-
rank test was used to compare group-specific curves.

Two multivariable Cox proportional hazards models were fitted to
identify predictors of death: (i) a first model with the inclusion of known
predictors and (ii) a second model with the additional inclusion of NLR and
the conventional cardiovascular risk factors. The HRs and the correspond-
ing 95% Confidence Intervals (Cls) were reported. The discriminatory
power of the models was tested using Harrell's C-statistic.

Moreover, the effect of a possible interaction between NLR levels and
the number of CV risk factors was tested by a multivariable Cox model
adjusting for known predictors.

To assess the robustness of our findings, a sensitivity analysis was
performed to assess whether the effect of NLR on mortality was
independent of disease duration.

A significance level of p<0.05 was used. Statistical analysis was
performed using STATA software, release 16.1 (StataCorp LP, College
Station, TX, USA).

RESULTS

Baseline features and follow-up events

Table 1 shows patient characteristics at baseline and stratified by
NLR < or = 5. Patients with higher NLR tended to be older, had a
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longer duration since PV diagnosis, had a higher prevalence of
arterial thrombosis, and had higher CV risk factors. Regarding
blood counts at enrollment, they were influenced by previous
phlebotomies, which explains that a proportion of them had HCT
and hemoglobin on target. At the time of recruitment, 28.4% of
patients were managed by phlebotomy alone, 26.5%, by
chemotherapeutic agents; and 35.1%, by phlebotomy plus
chemotherapeutic agents. A significant difference in various blood
counts, with higher WBC, neutrophils, and platelets but lower
hemoglobin and lymphocytes, was documented in the group with
NLR > 5 compared to patients with NLR < 5. In addition, patients
with a higher NLR were more likely to have more phlebotomies
during follow-up, a higher incidence of total and venous
thrombosis, and a higher rate of progression to myelofibrosis.
Based on these data, patients with an NLR > 5 had characteristics
indicative of more proliferative disease.

NLR and mortality

() A total of 151 deaths (10%) were recorded for an overall
mortality rate of 3.7 deaths per 100 persons per year. The
incidence rates of CV and non-CV mortality were 1.7 and 1.8
deaths per 100 persons per year, respectively. CV mortality
accounted for 45% of all deaths, while hematologic
transformation and solid tumors were the cause of death
in 13% and 19.5% of fatal cases, respectively. To evaluate
how the NLR and individual neutrophil and lymphocyte
counts impacted the risk of death, we used generalized
additive proportional hazards models (GAMs) (Fig. 1). In
Panel A the curve shows that higher neutrophil counts were
associated with an increased risk of death, as the hazard ratio
rises with increasing neutrophil counts. Panel B shows an
inverse relationship between lymphocyte counts and the risk
of death; higher lymphocyte count was associated with a
lower hazard ratio, indicating a lower risk of death. Panel C
shows that an increasing NLR was associated with a higher
hazard ratio, indicating that a higher NLR correlated with an
increased risk of death.

(ii) We also examined whether NLR values compared with
absolute numbers of individual neutrophil and lymphocyte
counts had greater discriminatory power in predicting death,
but found no significant difference. However, the NLR
appeared a more robust and precise predictor of mortality
risk, particularly at higher values, compared to absolute
neutrophil or lymphocyte counts. This is evidenced by the
narrower confidence intervals at higher NLR values (Fig. 1),
indicating greater precision and reliability in predicting
death.

(iii) Kaplan-Meier curve (Fig. 2) illustrates the overall survival of
patients stratified by their NLR values. Patients with a higher
NLR (= 5) had a significantly lower overall survival compared
to those with a lower NLR (< 5) (p < 0.001); the rate of deaths
was more than double in patients with higher NLR levels
(rate % patient-years: 5.93, 95% Cl 4.73-7.44 versus 2.76, 95%
Cl 2.20-3.45, respectively).

Death prediction factors

() Table 2 presents two multivariable models for death
prediction, with different combinations of variables and
updates across models. Model A represents the confirma-
tion of prior risk score by Tefferi et al. [16]: (i) increasing age
was strongly associated with a higher risk of death.
Individuals aged 67 years and older have a significantly
higher hazard ratio (HR = 4.03) compared to those younger
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Table 1. Characteristics of patients according to NLR value.

N Total

1508 N=1508
Male gender 1488 863 (58.0%)
Age at baseline 1508 67.3 (58.2-74.4)
> 65 years 1508 627 (41.6%)
Years from PV diagnosis 1508 34 (1.1-7.2)
Previous thrombosis 1508 562 (37.3%)
Arterial 1508 418 (27.7%)
Venous 1508 201 (13.3%)
BMI 1299 25.0 (23.0-27.5)
Normal weight 652 (50.2%)
Overweight 502 (38.6%)
Obesity 145 (11.2%)
CV risk factors 1508 956 (63.4%)
Hypertension 1508 604 (40.1%)
Hypercholesterolemia 1508 54 (3.6%)
Diabetes mellitus 1508 109 (7.2%)
Congestive heart failure 1508 123 (8.2%)
Smoke 1508
No smoke 1,067 (70.8%)
Current smokers 196 (13.0%)
Former smokers 245 (16.2%)
Blood counts
Hb 1500 15.0 (13.9-16.4)
Hct 1332 0.5 (0.4-0.5)
Plt 1500 351.0 (245.5-495.5)
WBC 1488 8.9 (6.7-12.4)
Neutrophils 1489 6.2 (4.2-9.2)
Lymphocytes 1489 1.7 (1.2-2.3)
Monocytes 1456 0.5 (0.3-0.7)
Treatments during follow-up
ASA 1508 518 (34.4%)
Phlebotomy 1508 974 (64.6%)
Hydroxyurea 1508 734 (48.7%)
Interferon 1508 57 (3.8%)
Outcomes
Years of follow-up 1508 2.8 (1.9-3.7)
Total thrombosis 1508 160 (10.6%)
Arterial 1508 82 (5.4%)
Venous 1508 84 (5.6%)
Myelofibrosis 1508 35 (2.3%)
Blast phase 1508 21 (1.4%)
Death 1508 151 (10.0%)

*The median value of the NLR for the entire cohort was used as the cut-off value.

than 57 years; (i) elevated WBC was associated with a higher
risk of death (HR = 1.65); (iii) previous venous thrombosis
also increases the risk (HR = 1.57). In Model B, NLR =5 was
added together with the conventional CV risk factors; NLR
was independently associated with a higher risk of death
(HR = 1.84), the association with age and previous venous
thrombosis remained strong and the negative effect of
diabetes (HR = 2.26), heart failure (HR = 2.75) and smoking
emerged (HR=247). The discriminatory power of this
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(ii)

NLR<5" NLR =5 p
N=1012 (67%) N =496 (33%)

581 (58.3%) 282 (57.4%) 0.76
66.3 (55.8-73.6) 69.3 (61.4-76.1) <0.001
403 (39.8%) 224 (45.2%) 0.048
3.1 (1.0-6.4) 4.4 (1.39.2) <0.001
347 (34.3%) 215 (43.3%) <0.001
258 (25.5%) 160 (32.3%) 0.006
127 (12.5%) 74 (14.9%) 0.20
25.3 (23.1-27.7) 24.6 (22.8-27.1) 0.006
403 (46.9%) 249 (56.6%) 0.004
354 (41.2%) 148 (33.6%)

102 (11.9%) 43 (9.8%)

623 (61.6%) 333 (67.1%) 0.035
383 (37.8%) 221 (44.6%) 0.012
40 (4.0%) 14 (2.8%) 027
72 (7.1%) 37 (7.5%) 0.81
67 (6.6%) 56 (11.3%) 0.002
706 (69.8%) 361 (72.8%) 0.014
149 (14.7%) 47 (9.5%)

157 (15.5%) 88 (17.7%)

15.2 (14.0-16.5) 14.6 (13.5-16.3) <0.001
0.5 (0.4-0.5) 0.5 (0.4-0.5) 0.19
331.0 (230.0-484.0) 389.0 (286.0-530.0) <0.001
7.8 (6.1-10.0) 12.3 (9.1-16.9) <0.001
5.0 (3.7-6.8) 9.9 (7.2-14.2) <0.001
1.9 (1.5-2.5) 1.2 (0.9-1.6) <0.001
0.5 (0.3-0.7) 0.5 (03-0.7) 0.39
339 (33.5%) 179 (36.1%) 032
635 (62.7%) 339 (68.3%) 0.033
481 (47.5%) 253 (51.0%) 0.20
34 (3.4%) 23 (4.6%) 0.22
2.8 (2.0-3.8) 2.6 (1.8-3.7) 0.033
94 (9.3%) 66 (13.3%) 0.017
55 (5.4%) 27 (5.4%) 0.99
41 (4.1%) 43 (8.7%) <0.001
18 (1.8%) 17 (3.4%) 0.046
12 (1.2%) 9 (1.8%) 033
76 (7.5%) 75 (15.1%) <0.001

model was higher than the previous one as documented
by the significant improvement in Harrell's C-statistic (0.75
vs 0.69, p <0.001).

Sensitivity analysis showed that the effect of NLR on
mortality was independent of disease duration (Table 1S).
Figure 3 displays the predicted hazard rates for different
combinations of NLR and the number of CV risk factors
adjusted for age and previous venous thrombosis. Patients
with higher NLR exhibited a steep increase in predicted
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Fig. 1 Generalized additive models (GAMs) for the prediction

of death. The figure reports GAMs by absolute neutrophils (A),
lymphocytes (B) and their ratio NLR (C). The effect of neutrophils,
lymphocytes and their ratio on the risk of death was analyzed on a
continuous scale using a Generalized Additive Model (GAM) with a
smooth function fitted by cubic splines. Hazard ratio estimates (solid
line) along with their 95% confidence intervals (gray area) are
plotted on a logarithmic scale.

hazard rates as the number of CV risk factors increases. The
hazard rate remained relatively stable when moving from 0
to 1 CV risk factor, but there was a sharp increase when
moving from 1 to 2 or more CV risk factors. The increase is
much less pronounced in low NLR group compared to the
high NLR group.

DISCUSSION

Consistent with several reports on NLR as a prognostic factor for
outcome in inflammatory and cancer diseases, our findings
highlight the value of NLR for mortality and provide important
insights into this inflammatory biomarker and patient mortality in
PV patients.

We showed that patients with a higher NLR (=5) presented
characteristics of a more advanced disease and a higher burden of
cardiovascular risk factors. These patients were older, had a longer
duration since PV diagnosis, and were more likely to have a history
of arterial thrombosis. The differences in blood counts, including
higher white blood cell, neutrophils, and platelet counts but lower
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Fig. 2 Kaplan-Meier survival curve by baseline NLR values.
Kaplan-Meier curve illustrates the overall survival of patients
stratified by their Neutrophil-to-Lymphocyte Ratio (NLR) values.
Patients with a higher NLR had a significantly lower overall survival
compared to those with a lower NLR (p < 0.001); the rate of deaths
was more than double in patients with higher NLR levels.

lymphocyte counts, suggest that a higher NLR is indicative of a
more proliferative and inflammatory disease state associated with
an impairment of innate immunity [11, 12]. The fact that patients
with higher NLR also required more phlebotomies during follow-
up and had a higher incidence of venous thrombosis and
progression to myelofibrosis further supports that a high NLR
reflects a more aggressive disease. Although no direct data are
available on the relationship between NLR levels and JAK2V617F
VAF in this series, a recent study in polycythemia vera (PV) patients
with low thrombotic risk has demonstrated a linear association
between these two variables [17]. This finding suggests that NLR, a
biomarker of inflammation, may be correlated with the JAK2V617F
driver mutation.

The use of GAMs allowed for a nuanced analysis of how
neutrophil and lymphocyte counts and their ratio (NLR) affected
the risk of death. The relationships between NLR and survival
(Fig. 1) showed that higher neutrophil counts were associated
with an increased risk of death, consistent with the understanding
that elevated neutrophils are associated with worse outcomes in
PV [13] and that, conversely, higher lymphocyte counts were
associated with a reduced risk of death [13, 18]. This inverse
relationship highlights the protective role that lymphocytes may
play, possibly through their involvement in the regulation of
immune responses. Absolute neutrophil and lymphocyte counts
showed agreement with NLR; however, the latter correlated with a
higher hazard ratio for death, and the model’s confidence intervals
were narrower at higher NLR values, indicating robust and reliable
predictions.

The Kaplan-Meier survival analysis further confirms the impor-
tance of NLR in predicting patient outcomes. Patients with an
NLR=5 had a significantly lower overall survival compared to
those with an NLR < 5. The fact that the mortality rate was more
than doubled in the high NLR group highlights the critical role of
NLR in this setting.

In line with the findings of Tefferi et al. [16], our analysis of the
ECLAP series also identified age, white blood cell count, and prior
thrombosis as significant and independent predictors of mortality.
Notably, the inclusion of the NLR, alongside conventional
cardiovascular risk factors, enhanced the model’s ability to
discriminate survival probability, as evidenced by the significant
improvement in Harrell's C-statistic (Harrell's C=0.75 vs. 0.69;
p <0.001).

Furthermore, the interaction between NLR and factors such as
diabetes, heart failure, and smoking shows that patients with an

Blood Cancer Journal (2024)14:195
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Table 2. Multivariable models for death prediction.

Variables at baseline
0.69

HR (95% ClI)

Age

<57 years 1.00 (Ref.)

57-66 1.80 (1.12-2.86)
>67 4.03 (2.69-6.02)
WBC > 15 x10°/L 1.65 (1.15-2.38)
NLR>5 -

Previous venous thrombosis 1.57 (1.08-2.29)
Cardiovascular risk factors

Hypertension =
Hypercholesterolemia -

Diabetes mellitus -

Congestive heart failure -

Smoke

No smoke -

Current smokers -

Former smokers -

Model A (2014 risk score) Harrell’s C:

Model B (2024 update) Harrell’s C: 0.75

P HR (95% CI) P

1.00 (Ref)
0.015 1.74 (1.06-2.85) 0.029
<0.001 3.32 (2.13-5.17) <0.001
0.007 1.18 (0.78-1.79) 043
= 1.84 (1.30-2.59) 0.001
0.018 1.53 (1.01-2.33) 0.045
. 0.98 (0.70-1.38) 0.92
. 0.69 (0.25-1.90) 048
- 2.26 (1.41-3.61) 0.001
- 2.75 (1.84-4.10) <0.001
- 1.00 (Ref)
= 2.47 (1.53-3.97) <0.001
= 1.32 (0.88-1.97) 0.18

Variables included in the 2014 score (Model A), updated model with NLR + cardiovascular risk factors (Model B).

15 20

Predicted Hazard Rates
10
)

5
I

1 2+
N° of CV risk factors

—o— NLR<5

Fig.3 Predicted Hazard Rate by NLR levels and number of CV risk
factors. The graph shows the predicted hazard rates for different
combinations of the Neutrophil-to-Lymphocyte Ratio (NLR) and the
number of cardiovascular (CV) risk factors adjusted for age and
previous venous thrombosis. Patients with higher NLR (=5) and
more CV risk factors exhibit significantly higher predicted hazard
rates, particularly as the number of CV risk factors increases.

—e— NLR>5

NLR > 5 experience a synergistic effect between NLR and these CV
risk factors. This underscores the importance of considering both
NLR levels and the number of CV risk factors in assessing patient
prognosis. It also highlights the crucial role of appropriate
interventions to reduce the detrimental effects of these modifiable
risk factors particularly when associated with other inflammatory
factors as revealed by high NLR values.

Overall, the results of our prospective observational study of PV are
consistent with the recent paper by Larsen et al. [13]. These
investigators analyzed the association of NLR with all-cause mortality
and mortality by comorbidity burden in the general population and
in individuals with MPN. They included 835,430 individuals from the
Danish General Suburban Population Study and showed that in the
general population, increasing NLR was associated with a stepwise
increase in all-cause mortality in individuals with NLR =6 compared

Blood Cancer Journal (2024)14:195

with those with NLR 1-1.9 (HR 2.07 vs. NLR 1-1.9, respectively). In
addition, individuals with prevalent ET, PV, or MF had a higher HR for
all-cause mortality compared with no MPN (HRs for ET, PV, or MF
were 2.15, 2.20, 2.32, and 1.48, respectively). Of great interest was the
demonstration of the interaction between increasing NLR and
Charlson comorbidity Index (CCl) in both the general population and
in MPN. They showed that increasing NLR and comorbidity burden
were associated with lower survival in individuals without MPN, but
were even worse in prevalent and incident MPN, ET, PV, and MF
diseases.

The International Working Group (IWG) on MPN, led by Tefferi,
has recently revised the risk model for PV survival, proposing a
score based on four key variables: age, absolute neutrophil count,
monocytes, and the presence of arterial thrombosis at baseline
[19]. This analysis provides new insights into the risk of death
associated with leukocyte levels and types and suggests to
investigate whether these individual variables may be more
effectively used in clinical practice than the NLR ratio that is a
broader marker involving at the same time innate and adaptive
immunity of disease severity.

Our study has some limitations: the first is the mixed patient
population of the ECLAP prospective observational cohort, which
also includes a randomized controlled trial of low-dose aspirin
[15, 20]; the second is the fact that ECLAP was conducted before
the inclusion of the JAK2V617F mutation in the diagnostic criteria,
which may raise doubts about the unintended inclusion of non-PV
patients. However, the strengths of the study, such as its
prospective design, regular follow-up, strict compliance monitor-
ing and independent event validation by an expert panel, ensure
high data quality and reliability. These robust methods help to
mitigate the limitations and add considerable strength to the
study’s conclusions.

In conclusion, the data suggest that NLR is a marker of
inflammation that selects a PV subgroup with a more aggressive,
pro-inflammatory disease phenotype. This is particularly relevant
in this phenotype, where inflammation and thrombosis are major
contributors to disease morbidity and mortality.

The multivariable models underscored the importance of NLR,
especially in combination with conventional CV risk factors, and
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the overall results suggest that NLR should be considered in
routine clinical risk assessment alongside traditional factors such
as age and prior thrombosis. However, it is crucial to validate these
findings in modern cohorts diagnosed after the discovery of the
JAK2 V617F mutation, as this could lead to more homogeneous
patient populations and potentially further refine the prognostic
value of NLR in relation to JAK2 V617F VAF.

Ongoing clinical trials trials or recently completed [21-23] or
observational studies [24, 25] could consider longitudinal mon-
itoring of NLR to observe how changes in NLR over time correlate
with long-term survival and disease progression, as this may help
determine whether NLR could be a dynamic marker reflecting
real-time responses to therapy.
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