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This viewpoint summarizes findings from analyses of large personal patient databases of myeloproliferative neoplasms (MPNs) to
assess the impact of thrombosis on mortality, disease progression, and second cancers (SC). Despite advances, the current
incidence of arterial and venous thrombosis remains a challenge. These events appear to signal a more aggressive disease course,
as evidenced by their association with myelofibrosis progression and mortality using multistate models and time-dependent
multivariable analysis. Inflammatory biomarkers, such as the neutrophil-to-lymphocyte ratio (NLR), are associated with the
aggressiveness of polycythemia vera (PV) and essential thrombocythemia (ET), linking thrombosis to SC risk. This suggests a
common inflammatory pathway likely influencing cardiovascular disease and cancer incidence. Notably, this is observed more
frequently in younger patients, likely due to prolonged exposure to MPN and environmental inflammatory triggers. These data
underscore the need for new studies to validate these associations, delineate the sequence of events, and identify therapeutic
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targets to mitigate thrombotic events and potentially improve overall patient outcomes in MPN.
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INTRODUCTION

The classic chronic myeloproliferative neoplasms (MPNs)
include polycythemia vera (PV), essential thrombocythemia
(ET), and primary myelofibrosis (PMF) [1]. These disorders are
characterized by a high incidence of arterial and venous
thrombotic events [2, 3], potential progression to post-PV and
post-ET myelofibrosis [4], and acute leukemia [5]. Understand-
ing of the pathophysiology of MPNs has improved significantly
with the identification of common genetic mutations, most
notably the JAK2 V617F mutation, which is found in over 95% of
PV and approximately 60-70% of ET and PMF cases [1, 6, 7.
Therapy is aimed at reducing the incidence of thrombosis,
which is a major cause of death and severe disability in some
patients [8, 9].

Recent reports suggest that the occurrence of thrombosis,
particularly arterial events during the course of PV and ET, may
pose additional risks such as progression to myelofibrosis [10, 11],
increased mortality [10-13], and the development of secondary
solid tumors [14, 15]. These risks arise from disease-related clonal
hematopoiesis and subsequent chronic systemic inflammation,
leading to thrombosis and genetic instability.

In our large databases of patients with MPN, we investigated
the incidence and risk factors of thrombosis that may explain this
association, culminating in an increased risk of mortality. This
Viewpoint presents our findings with the goal of clarifying the
current clinical evidence regarding key events that influence

disease severity and may serve as potential therapeutic targets.
This work is not intended to be a systematic review of the
literature, but rather a perspective to stimulate interest and further
research into these critical issues.

RATES OF THROMBOSIS IN MPNS

Despite recommended treatments, thrombosis remains a sig-
nificant challenge for patients diagnosed with MPNs today. It
often heralds the diagnosis of MPN in approximately 20% of
cases, with a persistent risk observed at subsequent follow-up. A
recent study of 9429 MPN patients and 35,820 matched controls
diagnosed between 1987 and 2009 and followed until 2010
documented significantly increased hazard ratios (HRs) for arterial
and venous thrombosis compared to controls at various time
intervals that at 3 months, 1 year, and 5 years were 3.0, 2.0, and
1.5, respectively; the corresponding HRs for venous thrombosis
were even higher with values of 9.7, 4.7, and 3.2 [16]. While
conventional therapy with hydroxyurea (HU) has shown overall
efficacy in reducing arterial thrombosis [17-19], its effect is less
pronounced in preventing venous thrombosis [20] and in older
patient categories. In a systematic review and meta-analysis of
patients with PV, thrombosis rates were 1.9%, 3.6%, and 6.8%
person/year at a median age of 60, 70, and 80 years, respectively
[21]. These figures are at least 4 times higher than in the normal
population [22].
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Table 1. Frequency of thrombotic events in the different MPNs.

PV [22, 24] N = 1545
Total thrombosis

Follow-up (years), median (IQR) 5.6 (2.8-9.4)
N° events, n (%) 290 (19%)
Incidence rate per 100 patients/year 26

Arterial thrombosis
N° events, n (%) 184 (12%)
Incidence rate per 100 patients-year 1.6
Venous thrombosis
N° events, n (%) 137 (9%)
Incidence rate per 100 patients/year 1.1

Polycythemia vera

In the largest epidemiologic study of PV (the European Collabora-
tion on Low-dose Aspirin [ECLAP] study), which enrolled 1638
patients in the years before the discovery of JAK2V617F,
cardiovascular mortality accounted for 45% of all recorded deaths.
The rate of cardiovascular death was 1.7/100 person-years, with an
overall incidence of 4.5% over a median follow-up of 2.8 years. The
leading causes were coronary heart disease (15% of all deaths),
congestive heart failure (8%), non-hemorrhagic stroke (8%), and
pulmonary embolism (3.6%). During the same follow-up period,
the cumulative rate of non-fatal thrombosis was 5.5% patients per
year, with no discernible difference between arterial and venous
thrombosis [23].

It is noteworthy that recent studies in contemporary PV patients
have shown a lower incidence rate of major post-diagnosis
thrombosis of 2.6/100 person-years [22, 24] (Table 1), a figure
comparatively lower than that observed in the ECLAP cohort, but
similar to the findings of the recent CYTO-PV randomized clinical
trial, where the incidence rate was reported to be 2.7/100 person-
years [25].

Similarly low rates of thrombotic events were confirmed in a
recent cohort of 1,545 PV patients recruited by the International
Working Group for MPN Research and Treatment (IWG-MRT). After
a median follow-up of 6.9 years, arterial thrombosis occurred in
184 patients (12%), and venous thrombosis in 137 patients (9%),
with an overall annual incidence rate of 2.8% [22]. Regarding
venous thrombosis, there are limited data on the prevalence of
splanchnic vein thrombosis (SVT) and cerebral vein thrombosis in
PV. The prevalence of SVT in PV has been reported to range
between 5% and 10%, a rate similar to that observed in ET but
notably higher than in PMF (0.6-1.0%) [26].

As most PV studies have included patients diagnosed over
different time periods, caution must be exercised when reporting
event rates, which should be evaluated taking into account the
time of data collection, diagnostic criteria used, and treatments.

Essential thrombocythemia

In ET, the incidence of thrombosis is slightly lower than in PV (2.3/
100 person-years), and arterial events are more common (70%)
than venous thromboembolism (VTE), which includes conditions
such as deep vein thrombosis (DVT) or pulmonary embolism, as
well as thrombosis in unusual sites such as splanchnic or cerebral
veins [27]. However, it should be emphasized that the epidemiol-
ogy of thrombosis and bleeding in ET older studies needs to be re-
evaluated according to the 2016/2022 World Health Organization
(WHO) [28] and the International Consensus [1] diagnostic
classifications, which highlighted the distinction between “pre-
fibrotic” and “overtly fibrotic” PMF; the former entity with a
presentation mimicking ET but a different natural history requiring
specific monitoring and management. In an international study
[29] of 891 patients diagnosed with ET and 180 patients
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ET [29] N =891 pre-PMF [29] N = 180 PMF [30] N =707

5.6 (2.3-10.1) 6.1 (2.5-10.8) 2.92 (1.14-5.92)
109 (12%) 27 (15%) 47 (7%)

1.7 1.9 1.6

79 (9%) 20 (11%) 25 (4%)

1.2 1.4 0.9

37 (4%) 9 (5%) 22 (3%)

0.6 0.6 0.8

diagnosed with prefibrotic PMF, the rates of total thrombosis
after diagnosis were 1.70/100 person-years and 1.90/100 person-
years, respectively (Table 1).

Myelofibrosis

In primary MF (PMF), the prevalence of major thrombosis was
assessed in 707 patients in four European centers; the overall
incidence rate of cardiovascular death and non-fatal thrombotic
complications was 2.23 events/100 person-years, a figure compar-
able to that observed in ET; unlike ET, in which arterial events were
more frequent (70%), no significant difference was observed
between non-fatal venous and arterial thrombosis [30]. In the same
study, the incidence rate of non-fatal thrombosis was 1.6/100
person-years [30] (Table 1). In another recent study of 642 PMF
patients and 2568 matched controls, venous events were signifi-
cantly more frequent than arterial events; interestingly, thrombosis
was predominantly observed in atypical sites and more likely to
occur around the time of PMF diagnosis [31]. In a large study of
patients with myelofibrosis secondary to PV and ET (n=1258),
major thrombotic events were reported in 2.3% of patients per year,
with venous events accounting for two-thirds of the total [32]. These
figures are superimposable to the ones found in PMF.

Recurrence rates of thrombosis after the first event. While the
above-mentioned thrombosis rates in ET and PV were calculated
by evaluating the first episode occurring after diagnosis, there are
few data available on recurrence rates. In a retrospective study,
the recurrence of thrombosis after a single episode was evaluated
in 235 patients with PV and 259 with ET. The primary thrombotic
events of interest were ischemic stroke, transient ischemic attack,
acute myocardial infarction, unstable angina, peripheral arterial
thrombosis, retinal artery or vein occlusion, deep vein thrombosis
(including cerebral and splanchnic vein thrombosis), and pulmon-
ary embolism. Thrombosis recurred in 166 patients (33.6%),
resulting in an incidence rate of 7.6% patient-years. It's
noteworthy that HU was more effective in reducing recurrent
events after arterial thrombosis (hazard ratio HR 0.47, 95% ClI
0.31-0.70), and less effective in preventing recurrent venous
thromboses [33]. In another retrospective study of patients with
MPN and stroke, HU confirmed efficacy in reducing recurrent
stroke. On multivariable analysis, the HR was 0.24 (95% Cl
0.08-0.76) [34].

In conclusion, despite currently recommended treatments,
thrombosis remains a significant challenge in the management
of MPNs. This highlights the need for continued efforts to improve
prophylactic strategies and develop more effective therapies to
reduce the risk of thrombotic events and likely improve other
critical outcomes as reported in this paper. In particular, we
highlight the role of lifestyle and all modifiable risk factors such as
diabetes, obesity, smoking, hyperlipidemia and arterial hyperten-
sion [35]. A significant different lower thrombosis-free survival
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Fig. 1

Thrombosis affects survival and disease progression in prePMF, ET and PV. A-C show the probability of progression to myelofibrosis

-MF- (red lines) or to blast phase -BP- (blu lines) directly (solid lines) from the diagnosis of pre-PMF, ET and PV, respectively, or via thrombosis
(dashed lines). Panels D, E and F show the probability of death directly (solid lines) from the diagnosis of pre-PMF, ET and PV, respectively, or

via thrombosis (dashed lines).

(p = 0.025) was documented in patients with hypertension (34%)
in comparison with those without hypertension (66%); this
difference was evident after 4 years of diagnosis and confirmed
in an external cohort of comparable PV patients.

ARTERIAL THROMBOSIS AFFECTS SURVIVAL AND DISEASE
PROGRESSION IN ET AND PV

The impact of thrombosis on mortality has predominantly been
investigated through Cox regression analysis, often overlooking
competing intermediate risks like progression to myelofibrosis
and blast-phase. By the use of multistate models new light has
been shed on the relationship between multiple events occurring
after MPN diagnosis, particularly highlighting the influence of
thrombosis not only on mortality but also on progression to
myelofibrosis and blast phase [10, 11]. These models are designed
to handle situations where there are multiple possible states or
events of interest, and individuals can move between these states
over time. In the context of MPNs, different states could represent
various disease stages or events, such as thrombosis progression
into myelofibrosis, acute leukemia or death.

For example, in pre-PMF, prior studies utilizing Kaplan-Meier
curves, suggested that thrombotic events occurred at a frequency
akin to that observed in ET. Therefore, the potential impact of a
higher propensity for overt myelofibrosis progression than the
occurrence of thrombosis over time in pre-PMF was not considered
[29]. The likelihood of thrombosis within the first decade after
diagnosis of pre-PMF was less than 5%, primarily due to the
significant competing risk of myelofibrosis development, which
affected approximately 11% of patients [10] (Fig. 1). This finding may
have implications for the choice of primary thromboprophylaxis in
ET and for the development of overt myelofibrosis in pre-PMF.

Moreover, previous prediction of mortality in ET was based on
Cox regression estimates that were incorporated into the IPSET-
survival score [36]. In 791 patients with ET, mortality risk due to
intermediate events preceding death (thrombosis, myelofibrosis,
and blast-phase) was re-analyzed [10]. Beyond confirming IPSET-
survival results in the prediction of direct mortality from ET
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diagnosis, the multistate model unveiled a 25% mortality increase
when preceded by thrombosis (Fig. 1); this estimate was fourfold
higher than in patients without thrombosis [10]. Furthermore, in a
multivariable time-dependent analysis, arterial and not venous
incident thrombosis was found an independent predictor of death
together with baseline thrombocytosis (> 1 million x 10%/L) (HR =
4.43 and HR = 5.74, respectively).

The influence of incident thrombosis on the trajectory of death
or disease progression was also investigated in PV by a parametric
five-state Markov model in a cohort of 1545 patients [11]. During a
median follow-up of 6.9 years, the cohort experienced 347 (23%)
deaths, 50 (3%) blast phase (BP) events, and 138 (9%) fibrotic
transformations (post-PV MF). Incident thrombosis was documen-
ted at a rate of 2.62% per patient-year, with arterial events
occurring in 1.59% and venous events in 1.05%. Among the 280
(18%) patients who developed thrombosis during follow-up, the
probability of death within the first 10 years was 40%, twice the
rate observed in the absence of thrombosis (20%; p < 0.01), thus
reproducing what observed in ET (see above) (Fig. 1). This adverse
effect was particularly pronounced for arterial thrombosis (HR 1.74;
p <0.01) compared to venous events (HR=1.32; p =0.26) [11]. In
the time-dependent multivariable analysis, this risk of arterial
thrombosis remained independent of other fixed (e.g., age,
previous venous thrombosis, leukocytosis) or other time-
dependent (e.g. progression to BP or MF) variables [11]. The
transition from PV diagnosis to MF was direct in 85% of cases. The
remaining 15% progressed via thrombosis. Similarly, the transition
to the blast phase occurred directly from diagnosis in 44% of cases,
while 32% and 24% of cases progressed via myelofibrosis and
thrombosis, respectively. Notably, thrombosis had a discernible
impact on the acceleration of progression to MF and BP (Fig. 1).

NEUTROPHIL TO LYMPHOCYTE RATIO (NLR) IS AN
INFLAMMATORY BIOMARKER THAT SIGNALS MORE
AGGRESSIVE ET AND PV

The above presented findings underscore the aggressive nature
of arterial thrombosis in PV and ET, impacting the progression
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and survival. This stems from a combination of gene mutations
in both MPN driver and non-driver genes, leading to the
activation of blood circulating cells and the establishment of a
chronic subclinical inflammatory state [37]. The link between
elevated white blood cell count and thrombosis has been
extensively explored in numerous studies within MPNs [38-40]
and a robust connection between leukocytosis and thrombosis,
particularly in ET and PV was also confirmed in a meta-analysis
[41]. Very recently, in the comprehensive REVEAL study, which
prospectively followed 2510 patients with PV, researchers
discovered a notable link between elevated leukocyte count
and the onset of first thrombosis, regardless of the patients’ risk
state. Intriguingly, when the hematocrit level was maintained at
or below 45%, a white blood cell count exceeding 12 x 10A9/L
emerged as a significant predictor for cardiovascular events,
with a hazard ratio of 1.95, yielding a p-value of 0.030 [42].
Conversely, other investigators have not confirmed these
findings, while suggesting that persistent leukocytosis in PV
may prognosticate hematologic evolution to myelofibrosis
rather than thrombosis [43]. The question of whether leukocy-
tosis is merely a marker and not a causative factor of vascular
disease remains unexplored and can be addressed only by
prospective randomized trials. In this regard, the application of
epidemiologic causality criteria has demonstrated that leukocy-
tosis may indeed play a causal role in the occurrence of vascular
events [44].

Further evidence for the role of leukocytes in thrombogenesis
comes from experimental studies showing that neutrophils and
platelets play an important role in thrombus formation and
vascular occlusion. Platelets not only adhere to the endothelium
during plaque formation but also facilitate leukocyte recruitment,
while neutrophils contribute to thrombus propagation through
NETosis, linking thrombosis and inflammation [45]. Non-myeloid
inflammatory cells such as T lymphocytes also play a role in this
context. Experimental studies consistently showed T-reg lympho-
cytes’ involvement in regulating the prothrombotic activity of
activated neutrophils and contributing to mitigate the systemic
chronic inflammation [46].

Interestingly, inflammation-induced arterial thrombosis itself
may exacerbate clonal hematopoiesis, which in turn may directly
amplify inflammation through the release of IL-1beta cytokines
from monocytes [47]. Monocytes infiltrate lesions and, together
with macrophages, elicit inflammation and deliver proteolytic

1
>

enzymes that digest extracellular matrix and render atherosclero-
tic plaques unstable [48].

After myocardial infarction, leukocytosis predicts the risk of re-
infarction and death [49, 50], indicating that the superimposed
inflammation on a pre-existing lesion may increase the plaque size
and display high protease activity making it more vulnerable for
thrombosis [51].

This triggers a vicious cycle of innate immunity, cross-activation
of platelets and neutrophils, culminating in clot formation [52].
The phenomenon of “immunothrombosis” is more evident in
arteries after rupture or erosion of an atherosclerotic plaque with
strong platelet involvement, which favors leukocyte recruitment
and NET formation. In contrast, the thrombo-inflammatory profile
in venous thrombosis induced by stasis of blood flow is different,
with less intense platelet activation compared to arteries, given
the integrity of the endothelial surface [53, 54].

Several biochemical biomarkers are associated with the
inflammatory state in MPNs [55-61] and are prognostic risk for
myelofibrosis evolution and mortality [57-61]. Pro-inflammatory
cytokines such as IL-6, IL-13 and TNF-q, are shown to trigger the
C-reactive protein (CRP) formation that is strikingly correlated
with JAK2V617F mutation allele burden [55, 56, 59]. Elevated CRP
levels were associated with mortality in MF [57, 58] and major
thrombotic events in patients with ET and PV [55, 56]. More
recently, new hematologic biomarkers routinely measured in
common blood tests have been the subject of several
investigations, including absolute neutrophil and lymphocyte
counts [62, 63], and the neutrophil-to-lymphocyte ratio (NLR)
[64-66]. Elevated NLR values are considered as expression of
hyper-proliferative state of the innate myeloid immune system
and dysregulation of the adaptive immune system [67, 68].
Importantly, the increasing NLR values were associated with
thrombosis [64], evolution of myelofibrosis [69], and high
mortality rate in ET, PV and MF [70]. These notions have been
deeply investigated in PV (Fig. 2). In a prospective cohort of
1508 PV patients enrolled in the ECLAP study, the relationship
between the continuous variables of NLR, absolute lymphocyte
and neutrophil counts were correlated with survival. There was a
linear upward trend in the risk of death with increasing absolute
neutrophil count and decreasing lymphocyte count, with log
HRs greater than 0 (i.e,, HR> 1) for neutrophil and lymphocyte
counts greater than 8 x 10°/L and less than 2 x 10°/L, respec-
tively. The NLR showed a similar trend of linear increase in risk as

NLR and total thrombosis NLR and MF evolution

\
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o
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Fig.2 Neutrophil-to-lymphocyte ratio (NLR) and the risk of total thrombosis, MF evolution and death. A Generalized additive proportional
hazard models (GAM) for the prediction of total thrombosis, MF evolution and death according to Neutrophil-to-lymphocyte ratio (NLR): the
effect of NLR is analyzed on a continuous scale by GAM smooth function with cubic splines. Hazard-ratio estimates (solid line) along with their
95% confidence intervals (gray areas) are plotted in logarithmic scale. B Multivariable Cox proportional hazards regression model with fixed
and time-dependent variables showing the significant independent effect of NLR on the risk of death.
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the neutrophil count, but with more precise 95% confidence
intervals, especially for extreme values, reaching HR > 1 when
NLR > 5 (unpublished data).

In addition, as shown in Fig. 2, time-dependent analysis showed
that mortality was also significantly affected by events occurring
after a median follow-up of 2.8 years from PV diagnosis. This was
expected from the occurrence of myelofibrosis (HR 3.34,
p=0.001), but also occurred from arterial thrombosis, which
conferred a similar risk of death as the development of
myelofibrosis (HR 3.29, p < 0.001). These findings suggest implica-
tions for appropriate monitoring of patients with NLR>5 who
develop arterial thrombosis after PV diagnosis.

Aberrant inflammatory responses can also occur in clonal
hematopoiesis of indeterminate potential (CHIP), which occurs in
individuals without the MPN phenotype owing to acquired
genetic mutations typically in DNMT3A, TET2, ASXL1, and JAK2
[71, 72]. Although less than 0.5% of CHIP cases annually progress
to overt hematologic and non-hematologic cancers, CHIP is
associated with an approximately 40% increased risk of mortality,
primarily due to non-hematologic conditions such as cardiovas-
cular arterial events [73].

Thus, clonal hematopoiesis, whether in the form of CHIP or in
fully manifested phenotypes such as PV and ET, has been
associated with arterial and venous thrombosis and other critical
events such as myelofibrosis development as a consequence of
pathological inflammatory responses mediated by the myeloid
clonal disease and also favored by generic cardiovascular risk
factors such as smoking, obesity, hypertension [74-76].

INCIDENT ARTERIAL THROMBOSIS AS A SIGNIFICANT RISK
FACTOR FOR SECONDARY CANCER

Emerging evidence suggests a strong association between
cardiovascular disease and an increased risk of developing cancer
in the general population, particularly among current and former
smokers [77-79]. The link between these events may be due to
the fact that they may share common risk factors and biological
pathways. In a recent large epidemiologic study of the general
population, the incidence of cancer in patients with heart failure
was significantly higher than in controls, and cancer mortality was
also increased, particularly in those under the age of 70 [80].

It was hypothesized that clonal hematopoiesis of CHIP variants
and the consequent systemic chronic inflammation could underlie
these results, as also observed in animal models [81].

Myeloproliferative neoplasms exemplify the sequence of these
events. PV, ET and MF are considered human models of persistent
systemic inflammation that predispose to increased risk of
cardiovascular disease and subsequent cancers [82, 83]. In MPN
patients, events such as stroke, myocardial infarction, or
peripheral arterial thrombosis resulting from chronic exposure
to disease-related inflammatory factors and other common risks
(hypertension, diabetes, smoking, obesity) represent an addi-
tional source of inflammation. This triggers a vicious cycle,
amplifying inflammation and contributing to a cytokine storm
that drives recurrent thrombotic events, progression to myelofi-
brosis, blast phase, increased mortality, and the occurrence of
secondary cancers.

Supporting this notion are the results of a nested case-control
study involving 647 cases of MPN with second cancer (SC) and
1234 cancer-free MPN patients and matched controls [14, 82].
This study found that the first occurrence of thrombosis after
MPN diagnosis was independently associated with an increased
risk of SC, with carcinoma being the most common type (65.8%)
[14]. Cases were matched to controls for age, sex, year of MPN
diagnosis, and disease duration. Over a median follow-up of 4.5
years for cases and 3.7 years for controls, a higher incidence of
thrombosis was observed in cases compared to controls (75 of
647 [11.6%] vs. 100 of 1234 [8.1%]; p =0.013). The excess of
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thrombosis in cases was mainly due to arterial events such as
myocardial infarction and stroke (40 of 647 [6.2%] vs. 46 of 1234
[3.7%]; p=0.015), whereas no significant difference was
observed for venous thrombosis (35 of 647 [5.4%] vs. 53 of
1234 [4.3%]) [14]. Interestingly, in this case-control study,
cytoreductive drugs such as hydroxyurea (HU), ruxolitinib (Ruxo)
and interferon-alfa were not associated with an increased risk of
carcinoma. Instead, HU and Ruxo were independently associated
with the risk of non-melanoma skin cancer. The method used to
match cases and controls might have hidden or masked the
effect of age differences. To address this, both cases and
controls were split into two age groups: those younger than 60
years, and those 60 years or older. The new analysis revealed
that, in patients younger than 60 years, arterial thrombosis was
found to be an independent predictor of SC (HR=2.53;
p=0.011) and that venous thrombosis exhibited a non-
significant trend (HR=1.78, p=0.15) (Fig. 3). This suggests
there may be a link between venous thrombosis and cancer,
especially in patients under 60, even if the data isn't strong
enough to prove it definitively.

The findings might be explained by the fact that younger
patients with myeloproliferative neoplasms (MPNs, a type of blood
cancer) have had the disease for a longer time. Since these
patients have lived longer with the disease, they have been
exposed to inflammatory triggers for a longer period, which could
increase their risk for complications like thrombosis and secondary
cancer.

These findings align with the results of two recent large
European Leukemia Net surveys on MPN patients with thrombosis
[34, 83, 84]. In the first study, which included 597 MPN patients
with cerebrovascular arterial ischemic events, the incidence of
secondary cancers following arterial thrombosis was 8.5% [34]. In
the second study, involving 387 MPN patients with venous
thromboembolism (VTE) [83, 84], the incidence of secondary
cancer after VTE was lower, at 4.9% (p = 0.036). This suggests that,
in MPN patients, arterial thrombosis may be more predictive of
secondary cancer development than venous thrombosis.

Interestingly, in a multivariable analysis, low-dose aspirin
administered during 4.4 years of follow-up resulted statistically
associated with a reduction of risk of female genital tract tumors
(odds ratio 047, 95% Cl 0.25-0.89) including ovarian and
endometrial cancers and breast cancer, independently of MPN
subtype [85]. This finding is consistent with other findings in
various cancers, where long-term aspirin use in randomized trials
for the prevention of vascular events showed a clear protection
against cancer development [86]. However, the efficacy of aspirin
in the general population, which has been supported in some
studies but refuted in others [87], remains uncertain.

Over the last twenty years, extensive basic research and clinical
trials have demonstrated promising advantages of targeting
inflammation in atherosclerosis. Notably, canakinumab, a human
monoclonal antibody that effectively neutralizes IL-13, emerged as
a significant contender in this regard. A randomized clinical trial
underscored its efficacy, revealing a marked reduction in
cardiovascular events. Intriguingly, it also demonstrated a
decrease in the occurrence of lung cancer [88]. However, despite
these encouraging findings, subsequent clinical trials aimed
specifically at cancer primary or secondary prevention, did not
yield evidence of its protective effect [89].

CONCLUSION

The limitations of this perspective article must be acknowledged.
Most of the studies reviewed here were retrospective, which
introduces potential biases and limits the strength of the
evidence. The role of cytoreductive therapy and associated
comorbidities were not thoroughly investigated, which may have
influenced the results.
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Fig. 3 Arterial thrombosis is a risk factor of second cancer in MPNs. Odds Ratios (ORs) of second cancer obtained from a multivariable
conditional regression model stratified for age at MPN diagnosis: red triangles represent OR of second cancer for MPN patients with age < 60
years; blue circles represent the OR of second cancer for MPN patients with age =60 years. Solid lines represent the corresponding 95%

Confidence Intervals (Cls).

Therefore, we emphasize that overall, this paper serves as a
hypothesis-generating exploration of the complex relationship
between thrombosis and MPN outcomes. It highlights the need
for future prospective studies to fully elucidate the sequence of
critical events leading to death in MPN patients.

We believe that arterial, and possibly venous thrombosis
occurring during follow-up should be considered in the context
of long-term occurring outcomes, including an increased inci-
dence of solid tumors. Future therapies should focus on targeting
the complex mechanisms involved in both atherogenesis and
thrombogenesis, including new cytoreductive drugs targeting the
somatic mutations, such as interferon and Jak2 inhibitors, and
anti-inflammatory drugs for primary and secondary prevention of
thrombosis.
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