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Abstract

Clonal hematopoiesis of indeterminate potential (CHIP) is defined by the
presence of somatic mutations in genes associated with myeloid neoplasms
at a variant allele fraction 22% in the absence of overt hematologic disease.
While CHIP has been extensively linked to atherosclerotic cardiovascular
disease, its role in venous thromboembolism (VTE) has only recently begun to
emerge. Several observational studies suggest that CHIP may represent a novel
risk factor for VTE, although the strength and consistency of this association
remain less robust than for arterial disease. In particular, mutations in genes
such as JAK2 and TET2 appear to confer a higher thrombotic risk, whereas the
contribution of other CHIP-associated mutations remains less clear. Limited
evidence also suggests a potential role of CHIP in the development of chronic
thromboembolic complications, including chronic thromboembolic pulmonary
hypertension. Data regarding VTE at unusual sites are scarce but may carry
important clinical implications. Notably, a high prevalence of CHIP—particularly
JAK2 and DNMT3A mutations—has been observed in patients with idiopathic
splanchnic vein thrombosis, suggesting that specific CHIP-associated mutations
may contribute to distinct thrombotic phenotypes. Mechanistically, CHIP-
related thrombosis is thought to arise from chronic low-grade inflammation,
immune dysregulation, endothelialinjury, and enhanced platelet and neutrophil
activation. However, the relative contribution of different mutations and
clonal characteristics remains incompletely understood. In this commentary,
we review current evidence regarding the epidemiology and pathogenesis of
CHIP-associated VTE and discuss potential implications for risk stratification,
monitoring, and future therapeutic strategies.

Introduction

Clonal Hematopoiesis of Indeterminate Potential (CHIP) is
defined as the presence of an acquired somatic mutation of a gene
associated with a myeloid neoplasm at a variant allele fraction
(VAF) of 22%, in the absence of a hematological disorder defined by
the World Health Organization (WHO)'*. CHIP is more frequently
observed in elderly individuals, although its prevalence varies
depending on the specific mutations involved®. Beyond its potential
to progress to an overt myeloid neoplasm, this condition has been
associated with an increased risk of atherosclerotic cardiovascular
disease (ASCVD), particularly in older individuals®. In this context,
the mutations most strongly linked to ASCVD include JAKZ, TETZ,
and ASXL1. Moreover, the presence of CHIP has demonstrated
prognostic significance in patients with established coronary
artery disease, ischemic stroke, or peripheral arterial disease’.
More recently, CHIP has been associated with an increased risk of
several other chronic diseases (like solid malignancies®, chronic
obstructive pulmonary disease’, chronic kidney disease!?, type
2 diabetes mellitus!?, liver disease'?, and obesity'®) as well as of
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venous thromboembolism (VTE)!. However, evidence
linking CHIP and VTE is weaker if compared to ASCVD and
even less is known about its prognostic role in developing
chronic complications. Among thrombotic manifestations,
we recently observed a high prevalence of DNMT3A-
mutated CHIP in patients with idiopathic splanchnic vein
thrombosis (SVT)*. Notably, DNMT3A mutations are not
typically associated with an increased risk of VTE. These
findings may suggest that different CHIP-associated
mutations could contribute to distinct clinical phenotypes.
In this commentary, we review the current evidence on
the epidemiology and potential pathogenetic mechanisms
linking CHIP to VTE. We also discuss how further research
in this field may influence the diagnostic and therapeutic
management of patients with VTE, as well as strategies for
primary thrombosis prevention.

Epidemiology of CHIP and VTE

CHIP is increasingly being recognized as a novel risk
factor for VTE. However, data are less consistent compared
to its role in ASCVD even though more and more evidence is
adding up to the existing literature. In a single-center study
from Guillotin et al. on 94 VTE patients CHIP was present
in only 7 individuals showing no significant differences
with the control group. The most commonly mutated
genes were TET2 and DNMT3A. There was no difference
between groups regarding the number of genes mutated or
the type of mutation'®. On the contrary, a larger study from
Saadatagah on 3980 VTE patients showed a prevalence
of CHIP of 24.7% over a median of a 7-year follow-up. In
this cohort VTE was significantly more frequent among
CHIP carriers (4.5 vs 3.2%) and TET2 was significantly
associated with VTE risk (HR: 2.25; p: 0.006)"". Similarly,
a community base cohort-study on more than 14,000 CHIP
carriers demonstrated an increased risk of pulmonary
embolism (PE) (HR: 1.17) among individuals with CHIP
mainly noted for CHIP with TET2 (HR: 1.42) or JAK2 (HR:
4.17) mutation®®. It is worth noting that CHIP has also been
associated with an increased risk of developing chronic
thromboembolic pulmonary hypertension (CTEPH),
potentially highlighting its prognostic significance!®. JAK-2
mutated CHIP emerged as a risk factor for both incident and
prevalent VTE (OR: 6.58; HR: 4.2) also in a study on data
from a UK Biobank including exome sequencing of more
than 400,000 individuals. In this study CHIP was modestly
associated with incident VTE with a hazard ratio (HR) of
1.17 and TET2-mutant CHIP was associated with incident
VTE with a HR of 1.33%, Lastly, a recent meta-analysis from
Nasrollahizadeh et al. which included 4 studies revealed
a borderline statistically significant association between
CHIP and increased VTE risk [HR: 1.52 (95% CI: 1.00-
2.30); p = 0.05]. Statistical significance was not reached
between various CHIP mutations regarding risk of VTE
and between the presence of CHIP and the risk of PE alone.

However, TET2 mutations showed the highest risk of VTEZ,
It should be noted that these association studies were
not designed to evaluate specific subsets of thrombotic
manifestations, such as provoked versus unprovoked
events or age-related differences. Moreover, information
on thrombus extension, severity of PE, and recurrence of
thrombotic events is largely absent from these analyses.
More detailed and stratified investigations will therefore
be necessary to better clarify the contribution of CHIP to
the pathogenesis and clinical course of classical VTE. The
association between CHIP and VTE has been evaluated
in oncological patients as well. No significant difference
was noted between CHIP carriers and controls in terms
of VTE prevalence and prognosis, but even in this case no
stratifications on tumor histology, stage and therapies are
reported?’. Interestingly, when cohorts of patients with
similar clinical characteristics are analyzed, the presence
of CHIP is associated with an increased risk of VTE. This
association was observed in a cohort of 557 survivors of
autologous transplantation for lymphoma, particularly in
patients harboring PPM1D (HR 4.12) or TP53 (HR 5.31)
mutations®. This observation again highlights the need
for well-defined and homogeneous patient cohorts to
accurately assess the contribution of CHIP to VTE.

With respect to VTE occurring at unusual sites, only a
limited number of studies have been published, although
their findings may carry important clinical implications. In
particular, we previously demonstrated a high prevalence
(46%) of CHIP in patients with idiopathic SVTs. The
majority of the mutations involved JAK-2 and DNMT3A?.
Interestingly, while the JAK2-V617F mutation is known
to drive a prothrombotic phenotype, DNMT3A mutations
may further increase the risk of thrombosis in patients
with MPN. These data suggest that JAK2-V617F- and
DNMT3A-driven CHIP may define a phenotype similar to
that observed in thrombotic MPN, even in the absence of
an overt MPN disease.

Pathogenesis of CHIP-related thrombosis

CHIP arises from stochastic acquisition of somatic
mutations in hematopoietic stem cells followed by clonal
expansion because of selective pressure within the
hematopoietic niches?*. CHIP is more common in older
age as a result of lifelong accumulation of spontaneous
mutations; in addition, this process is further enhanced
by exposure to acquired stressors like radiations, smoke,
chemotherapy and chronic inflammation which is, on the
other hand, promoted by CHIP itself. The most commonly
mutated genes involve epigenetic regulators (DNMT3A,
TET2, and ASXL1), DNA damage repair mechanisms
(PPM1D and TP53), tyrosine kinases (JAK2) and mRNA
spliceosome components (SF3B1, SRSF2, U2AF1).

The precise mechanisms leading to thromboembolism
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are not well defined yet but are likely and vastly linked to
low-grade chronic inflammation and inflammation leading
to augmented expression of pro-inflammatory mediators,
activation of platelets and complement cascade, release
of neutrophil extracellular traps (NETs) and endothelial
injury®?¢. Moreover, differences in allele burden, clonal
architecture, type of mutation and gene involved, may
contribute in specific ways to the pathogenesis of
atherothrombosis!*?’. In this regard, DNMT3A mutant
monocytes have been shown to promote an inflammatory
state through the expression of pro-inflammatory
cytokines (IL-1B, IL-6, and NLRP3 inflammasome) and
the induction of T cell via CD58 while TET2 function
deficiency in macrophages enhances secretion of IL-1B. In
an elegant model based on single-cell analysis, DNMT3A-
mutant monocytes were shown to acquire a procoagulant
phenotype, providing a mechanistic link between the
presence of small aberrant hematopoietic clones and the
activation of pathogenic thrombotic pathways®®. As for
JAK-2, it is linked to enhanced intravascular thrombosis via
augmented formation of NETs!*. JAK-2, DNMT3A, ASXL1
and TET2 mutated CHIP are also responsible for platelet
hyperactivity and hyperproduction?. As for SVTs, if we
exclude cirrhosis, their etiopathology is more strongly
associated with an inflammatory trigger (solid cancers,
myeloproliferative neoplasms, paroxysmal nocturnal
hemoglobinuria, inflammatory bowel diseases, abdominal
surgery and infections) if compared with DVT, in which
blood flow stasis and thrombophilia are major players?.
Therefore, it could be speculated that this is one of the
reasons why SVTs are strongly associated with MPNs and,
as observed in our study, with CHIP; partially explaining the
differences in etiologies and risk factors among different
sites of VTE. Although the core pathogenesis of CHIP-
related thrombosis seems to lie in chronic inflammation
(which on one hand is promoted by CHIP and on the other
hand contributes to the expansion of the mutant clone)
the relevance of each mechanism in different clinical
contexts (e.g. DVT, PE, Unusual sites thrombosis, ASCVD)
is not fully elucidated; therefore, a deeper understanding
of its pathophysiology is needed to specifically address the
diagnostic and prognostic significance of each CHIP marker
in several clinical scenarios.

Discussion

Given its relatively recent recognition in the context
of VTE, the clinical relevance of CHIP remains to be fully
defined, and specific recommendations in current clinical
guidelines are lacking. A deeper understanding of the
underlying pathogenic mechanisms and the inclusion
of wide cohort of patients, together with the clinical
significance of individual CHIP-associated mutations across
different clinical settings, may help to more accurately
stratify the risk of first and recurrent thrombotic events.

Owing to the limited size of available patient cohorts, it
remains difficult to delineate the pathogenic contribution
of CHIP mutations to VTE, including thrombosis at
unusual sites, or to determine whether specific mutations
preferentially associate with SVT rather than classical VTE.

Nevertheless, two complementary considerations
may be proposed. First, at the mechanistic level, although
DNMT3A- and TET2-mutated cells share the ability to
promote a pro-inflammatory state—particularly through
IL-1 signaling—emerging evidence suggests that their
downstream effects may not be entirely overlapping.
DNMT3A-mutant monocytes appear to exhibit a broader
pro-inflammatory and procoagulant phenotype, including
increased expression of IL-6, activation of the NLRP3
inflammasome, and enhanced interactions with T cells. In
contrast, TET2 deficiency has been more specifically linked
to augmented IL-1f production in macrophages. These
observations support the notion that CHIP-associated
mutations operate within a shared inflammatory
framework while retaining partially distinct functional
profiles that could differentially contribute to thrombus
formation across vascular territories.

Second, from a clonal evolution perspective, CHIP
may exert differential effects depending on the temporal
hierarchy of mutation acquisition, as suggested in the
context of myeloproliferative neoplasms*®. In this regard,
in our cohort of patients with SVT, DNMT3A mutations
were identified in 3 out of 15 cases, including one patient
harboring a concomitant JAK2-V617F mutation. Although
limited, this observation highlights the need to explore
whether clonal architecture and mutation order may
influence the emergence of prothrombotic phenotypes,
potentially modulating the clinical presentation of CHIP-
associated thrombosis.

Beyond mechanistic investigations, the study of
CHIP in patients with thrombosis may have important
clinical implications, particularly in clarifying its potential
contribution to the development of chronic complications
such as CTEPH, clinically significant portal hypertension, and
post-thrombotic syndrome. Ultimately, these insights could
influence clinical practice, including decisions regarding the
duration of anticoagulant therapy and the potential role of
long-term or primary antithrombotic prophylaxis. To this
end, prospective studies in larger and well-characterized
patient cohorts—including individuals with thrombosis at
unusual sites, such as SVT—are warranted.

Furthermore, due to the centrality of inflammation
in the genesis of CHIP, several therapeutic approaches
have been attempted in order to reduce CHIP-related
thrombotic manifestations. Anti-inflammatory drugs
like Canakinumab (IL-1B antagonist), colchicine and
Tocilizumab (IL-6 antagonist) have shown to reduce the
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incidence of cardiovascular events and the activation of the
inflammatory cascade in the presence of CHIP in both mouse
models (as for Tocilizumab, Canakinumab and colchicine)
and clinical trials (Canakinumab)!#?”31, These medications
could in future have a role for selected patients; however,
they are not recommended in the management of CHIP in
actual clinical practice. On the other hand, lifestyle seems
to have a significant impact on the consequences of CHIP;
probably due to its effect in reducing chronic low-grade
inflammation3®*%, It is worth noting that this data is mainly
referred to ASCVD and quality data on VTE are still lacking.

Lastly, it is important to emphasize that the identification
of CHIP in patients with SVT and in general VTE may warrant
careful longitudinal monitoring as well. Indeed, certain
CHIP-associated mutations—particularly those involving
genes implicated in myeloproliferative neoplasms—may
represent an early clonal event with the potential to evolve
into overt hematologic malignancies over time (Figure
2). In this context, the detection of CHIP, and in particular
JAK2 mutated ones, in patients presenting with SVT could
identify a subgroup at increased risk of progression toward
myeloproliferative neoplasms (MPN). Therefore, periodic
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Figure 1. Normal versus CHIP-driven hematopoiesis. (A) A schematic representation of normal hematopoiesis is shown, with the hematopoietic stem cell

(HSC) at the center, giving rise to terminally differentiated blood cells. (B) Acquisition of mutations in an HSC leads to the expansion of a clonal population.
(C) The mutated HSC generates terminally differentiated cells that carry mutated proteins derived from the altered genes.
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Figure 2. Consequences of CHIP. This figure illustrates the potential consequences of CHIP. On one hand, CHIP may progress to hematologic
‘ malignancies (A). On the other hand, CHIP can be associated with systemic manifestations, including thrombosis (B).

Page 4 of 6



Pozzi A, Rosati G, Russo |, Barale C, De Gobbi M, Morotti A. Clonal Hematopoiesis in Venous
Thromboembolism: An Emerging Risk Factor. J Human Clin Gen (2026);5(2):5-6

Journal of Human and Clinical Genetics

clinical and hematologic surveillance may be advisable
in these patients to enable early recognition of clonal
expansion or the emergence of overt MPN. In conclusion,
CHIP is a promising field of research in order to better
understand and treat the different manifestations of VTE.
Larger prospective studies are needed to evaluate the
role of different markers and their impact on the different
sites of thrombosis in MPN. The role of CHIP in developing
chronic complications of VTE could also be an area of
clinical interest. We believe that, in the future, a greater
understanding of CHIP could lead to significant changes in
clinical practice for patients with thrombosis.
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