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Abstract

Thrombosis in myeloproliferative neoplasms (MPNs) is an important clinical problem, and risk-stratified management
is essential. To identify the clinical characteristics of thrombosis in patients with MPNs, a nationwide multi-institutional
retrospective analysis (JSH-MPN-R18) was conducted. The aim of the present study was to perform a sub-analysis of
JSH-MPN-R18 findings to clarify the predictive parameters for thrombosis among complete blood count (CBC) results.
Among the patients enrolled in JSH-MPN-R18, those with essential thrombocythemia (ET; n=1152) and polycythemia
vera (PV; n=456) were investigated. We analyzed and compared CBC parameters between patients with and those
without any thrombotic events using Welch’s T-test. Statistical analyses were performed using the R statistical software.
Thrombotic events were observed in 74 patients with ET. In multivariate analysis, only the neutrophil ratio was slightly
but significantly higher for ET patients with thrombosis than for those without (p <0.05). Of note, the absolute neutro-
phil count (aNeu) was considered a useful predictive tool for thrombosis among patients classified as low-risk according
to the revised International Prognostic Score of Thrombosis for Essential Thrombocythemia. Among PV patients, those
with thrombosis showed significantly higher hematocrit and aNeu than did those without thrombosis. As a thrombosis-
associated factor, the neutrophil ratio was slightly but significantly elevated in patients with ET. This myeloid skew might
reflect a higher value of JAK2 V617F allelic frequency in patients with ET with thrombosis; this was not clarified in
JSH-MPN-R18. Further accumulation of evidence, including genetic information for JAK2 and other passenger mutations,
is warranted.
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Introduction prevention are instrumental and underscore the need for
robust risk assessment tools.

Essential thrombocythemia (ET) and polycythemia vera While international criteria such as the European Leuke-

(PV), classified under Philadelphia chromosome-negative
myeloproliferative neoplasms (MPNs), represent unique
clinical entities with excessive production of platelets and/
or erythroid cells [1]. Despite their generally benign nature,
both conditions carry a predisposition for thrombotic events,
which influence patient prognosis. Within the framework
of MPN management, stratified approaches to thrombosis
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miaNet (ELN) criteria [2], International Prognostic Score of
Thrombosis for Essential Thrombocythemia (IPSET-throm-
bosis) [3], and revised-IPSET [4] have been instrumental in
risk stratification for ET, the ELN criteria [5] and the criteria
proposed by Tefferi et al. [6] have been useful for PV, and
their application has been predominantly validated in West-
ern populations. The JSH-MPN-R18 trial, a nationwide
retrospective analysis conducted in Japan, extended these
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findings to Asian populations and revealed potential cross-
racial applicability [7, 8].

In the evolving landscape of thrombotic risk assessment
for MPNs, leukocytosis [9—15] and neutrophil-to-lym-
phocyte ratio (NLR) [16, 17] have emerged as promising
markers of thrombotic events and mortality. However,
extrapolation of these findings to a Japanese cohort remains
unexplored. This study aimed to bridge this knowledge gap
by leveraging data from the JSH-MPN-R 18 trial to ascertain
the prognostic value of the neutrophil ratio in thrombosis
prediction within a Japanese MPN population.

Methods
Study design

This multicenter retrospective analysis was performed
under the auspices of the Japanese Society of Hematology
(JSH), to examine the clinical profiles of Japanese patients
diagnosed with PV or ET. Participants were part of the JSH-
MPN-R18 cohort, aged 20 years or older, and received a
diagnosis of PV or ET according to the WHO 2008 or 2017
criteria [1, 18] during the period from April 2005 to March
2018. Details of the inclusion and exclusion criteria have
been described previously [7]. This retrospective analysis
involving human participants was in accordance with the
ethical standards of the institutional and national research
committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. Ethical
approval was granted by the Mie University Hospital Ethi-
cal Committee (approval number H2022-165).

Table 1 Patients’ characteristics

ET (n=1152) PV (n=456)
Age (year) 65 (20-94) 66 (26-93)
Female 639 216

Male 513 240

JAK2 V617F 650 446

JAK?2 exonl2 0 10

CALR 152 0

MPL 24 0

Triple negative 114 0
Thrombosis 74 22

Median WBC (10°/L) 9.3 12.7

Median rNeu (%) 70 (6.0-94) 80 (7.4-96.5)
Median aNeu (10°/L) 6.4 10.0

Median RBC (x10'%/L) 473 673

Median Hb (g/L) 138 180

Median Hct (%) 423 55.6

Median Plt (x10°/L) 832 490
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Data collection

Diagnostic laboratory data of the enrolled patients were
collected retrospectively. Medical records included date
of diagnosis, age at diagnosis, sex, presence of driver gene
mutations, laboratory parameters (white blood cell [WBC]
counts, neutrophil ratio [rNeu] to WBC, absolute number of
neutrophils [aNeu], red blood cell [RBC] counts, haemoglo-
bin [Hb], haematocrit [Hct], and platelet counts), incidence
of post-diagnostic thrombosis, and mortality.

Outcome measures

The primary outcome measure was overall incidence of
thrombotic events. Thrombosis-free survival was calculated
from the time of diagnosis to the first event of each type.
Patients without adverse events were censored at the last
follow-up visit.

Statistical analysis

Univariable and multivariable analyses using Cox propor-
tional hazards regression models were conducted to iden-
tify risk factors for thrombotic events. Based on previous
studies [2—8], we included WBC, rNeu, RBC, Hb, Hct, and
platelet counts in the models. Because of the high collinear-
ity resulting from the similarity between rNeu and aNeu, a
multivariate analysis was conducted using rNeu, excluding
aNeu. Subjects with missing data for the variables included
in the models were excluded from the analysis.

Fine—Gray competing risk model [19] was used to calcu-
late cumulative incidences of thrombosis. All deaths were
considered for the cumulative incidence in Fine—Gray anal-
ysis. Identified predictors for thrombosis were tested using
receiver operating characteristic (ROC) curve analysis, and
area under ROC curve values were determined along with
their 95% confidence intervals. Decision tree analysis was
performed using R package (rpart).

All analyses were two-sided, with a p-value of <0.05
considered statistically significant. Statistical analyses were
conducted using R software (version 4.2).

Results

In this nationwide retrospective analysis of JSH-MPN-R18
results, we included 1152 patients with ET (Table 1) and
596 patients with PV (Online Resource 1). Regarding PV
diagnosis, the current cohort included data from before
JAK?2 mutation tests became available in Japan, and some
cases lacked information on the JAK2 mutation, as observed
in raw data of PV cases (Online Resource 1). Given the high



Annals of Hematology (2024) 103:3535-3541

3537

Rl

100%

75%

rNeu < 80%
B rNeu > 80%

50%
0.00073

25%

Cumulative Incidence of Thrombosis >

0%

Gray's test p—value:

=

0 2000 4000
Follow-up days

Cumulative Incidence Function for Thrombosis by Gray's Model

0

2000 4000
Follow-up days

Table 2 Characteristics of thrombotic and non-thrombotic cases in ET
and PV

ET Thrombo- Non- p-value
sis (n=74) thrombosis
(n=1078)
Median WBC (10°L) 9.4 9.3 0.4958
Median aNeu (10°/L)  6.66 6.4 0.9266
Median rNeu (%) 73.5 70.0 0.0058
Median RBC (x10'%/L) 485 472 0.5897
Median Hb (g/L) 140 138 0.3373
Median Het (%) 42.6 423 0.5205
Median Plt (x10°/L) 867 829 0.3059
PV thrombosis non- p-value
(n=22) thrombosis
(n=434)
Median WBC (10°/L)  12.6 12.8 0.3837
Median aNeu (10%L)  11.6 12.5 0.3842
Median rNeu (%) 80.5 80.0 0.7968
Median RBC (x10'%/L) 701 672 0.4206
Median Hb (g/L) 187 180 0.1507
Median Het (%) 58.7 55.3 0.0378
Median Plt (x10°/L) 40.8 49.9 0.2744
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Fig. 1 Thrombosis-free survival using Fine-Gray analysis The cumu-
lative incidence of thrombosis from the time of essential thrombocy-
themia (ET) diagnosis was calculated for patients with neutrophilia and
those without neutrophilia. The definition of neutrophilia was based on
the neutrophil ratio (cut-off value, 80%) and absolute neutrophil count
(cut-off value, 5000/uL). The cumulative incidence was significantly
lower (Fine—Gray test, p=0.0152 and p=0.00073, respectively) for
ET patients with neutrophilia than for those without neutrophilia

number of patients who did not harbour J4K2 mutations, we
excluded cases where the JAK2 mutation was negative or
unknown from further analysis. Finally, a total of 456 cases
with PV were evaluated in the following study, including
446 and 10 patients with JAK2 V617F and JAK2 exonl2
mutation, respectively.

Table 1 outlines the baseline characteristics, laboratory
data, and mutation status. Among the patients, 74 and 22
cases of ET and PV, respectively, developed thrombosis, as
shown in Table 2. To evaluate the utility of clinical items

Table 3 Results of multivariate analysis for ET and PV

PV, polycythaemia vera; WBC, white blood cell; rNeu, neutrophil
ratio; aNeu, absolute number of neutrophils; RBC, red blood cell;
Hb, haemoglobin; Hct, haematocrit; ET, essential thrombocythemia;
Plt, platelets

against future thrombosis, we performed a multivariate
analysis. For patients with ET, rNeu was a significant fac-
tor associated with thrombosis (Table 3). Besides, decision
tree analysis identified rNeu as the most important factor
for future thrombosis (see figure, Online Resource 1), and
hematocrit was found to be a significant predictive factor for
PV (data not shown) in decision tree analysis.

For patients with ET, we defined the rNeu cut-off value as
80% (predicted by decision tree analysis; see figure, Online
Resource 2). Fine—Gray cumulative incidence analysis for
patients stratified by rNeu revealed that those with high rNeu
were more susceptible to future thrombosis (Fig. 1A). We
also analyzed the role of aNeu in thrombosis, and the ROC
analysis identified an aNeu cutoff value of 5.0x 10° /L and
revealed the potential role of aNeu in thrombosis (Fig. 1B).
Interestingly, the importance of aNeu was emphasized in

ET PV

JAK?2 mutated CALR mutated MPL mutated JAK?2 mutated

Univariate Multivariate Univariate Multivariate Univariate Multivariate Univariate Multivariate
WBC 0.3606 0.4402 0.9046 0.615 0.6534 0.432 0.3837 0.7615
rNeu 0.0300 0.0229 0.8968 0.9431 0.3428 0.326 0.7968 0.7889
RBC 0.9706 0.8203 0.1879 0.0831 0.1399 0.526 0.4206 0.2552
Hb 0.8907 0.3931 0.3583 0.1979 0.2201 0.928 0.1507 0.1319
Hct 0.9606 0.4291 0.4898 0.1164 0.2008 0.683 0.0378 0.0507
Plt 0.9224 0.9531 0.3316 0.3694 0.9153 0.818 0.2744 0.6998

P-values are shown for each univariate and multivariate analysis
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Fig. 2 Thrombosis-free survival according to the revised International
Prognostic Score of Thrombosis for Essential Thrombocythemia (rIP-
SET). The cumulative incidence of thrombosis was calculated for
patients with essential thrombocythemia (ET) with high rIPSET and
those with low rIPSET. Fine—Gray analysis revealed the significance
of aNEU for ET patients with low rIPSET, but not for those with high
rIPSET

the lower thrombotic risk group (including low/very low in
revised-IPSET) (Fig. 2).
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Fig.3 Prognostic utility of the absolute neutrophil count for thrombosis

Receiver operating characteristic (ROC) curve analysis was per-
formed for the neutrophil ratio (rNeu) against future thrombosis for
patients with polycythemia vera (PV) (A). The cumulative incidence
of thrombosis from the time of PV diagnosis in patients with neu-
trophilia (aNeu>7000) and those with lower neutrophil counts was
calculated (B). The incidence of thrombosis was significantly lower
(Fine—Gray test, p=0.0295) for patients with PV and neutrophilia than
for those without neutrophilia

@ Springer

As there was a significantly higher incidence of patients
with.J4K2mutations (Chi-squaretest, p-value = 5.22 x 10~ %)
in the group with rNeu values of > 80%, we further investi-
gated whether the predictive value of rNeu could be applied
to all driver mutations. The multivariate analysis identi-
fied rNeu as a predictive tool for thrombosis only in J4K2
mutated ETs but not in CALR/MPL mutated ETs (Table 3).

Next, we performed a similar analysis in patients with
PV. The multivariate analysis revealed that Hct was a pre-
dictive factor for thrombosis, as predicted. Previous reports
[12, 20] have also highlighted that a higher WBC count
can be a predictive tool for thrombosis; however, there has
been little evidence of the predictive value of aNeu and
rNeu for thrombosis in our dataset. ROC analysis of WBC
against thrombosis revealed a cut-off value of 7.05x 10°/L
(Fig. 3A). The Fine—Gray method revealed that thrombosis
rates for JAK2-positive PV with aNeu>7.05x 10°/L were
higher, although the difference was not statistically signifi-
cant (Fig. 3B).

Discussion

This analysis of the JSH-MPN-R18 dataset underscores the
prognostic significance of elevated neutrophil levels in pre-
dicting thrombotic events in patients with MPNs. Similar to
previous studies that emphasized the NLR as a risk marker,
our study revealed that increased rNeu and aNeu were asso-
ciated with a greater risk of thrombosis.

The biological mechanisms linking heightened neutro-
phil activity to thrombotic complications remain unclear.
However, the observed correlation was particularly strong
in ET patients with JAK2 mutations; this implied that JAK?2
mutations are associated with thrombosis. Previous studies
have identified the ERK pathway as JAK2-specific [21] and
characteristic of neutrophil activation [22, 23]. Furthermore,
as JAK2 V617F allelic burden in MPNs correlates with leu-
kocyte counts, higher rNeu might reflect higher JAK?2 sig-
naling activity [23, 24].

Our study has certain limitations, notably the absence of
lymphocyte counts, which prevents a complete evaluation of
the predictive value of NLR or rNeu for thrombosis. In addi-
tion, we did not have molecular background or allelic fre-
quency information of the driver mutations. Registration of
patients with MPNs began in 2005, and continuous follow-
up for therapeutic interventions was not included. Because
of incomplete data for some cases, we could not uniformly
apply the latest WHO classification for disease definition.
These limitations indicate that our study is not comprehen-
sive, and future validation is warranted. To overcome these
limitations, we are planning a novel cohort study in Japan.
Nonetheless, our data showed that simple rNeu can identify
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ET patients with a high risk of thrombosis. Further data col-
lection on these risk factors is required in future studies.

In conclusion, our study underscores the significance of
rNeu, aNeu, and JAK2 mutations in predicting thrombosis
in Japanese patients with ET. Further accumulation of evi-
dence and the development of new therapeutic strategies
tailored to the unique characteristics of Japanese patients
are imperative. Preventive interventions that consider the
specific genetic and clinical traits of Japanese patients may
play a key role in mitigating the thrombotic risks associated
with MPNGs.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s00277-
024-05898-3.
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