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Increasing recognition and deeper understanding of genetic subtypes of CH are yielding in-
sights into the tumor-immune interface that may help to explain the heterogeneous impact of
CH on tumorigenesis and treatment. Herein, we update the expanding influence of CH in
precision oncology and propose important research and clinical questions to address to ef-

fectively manage and harness CH in oncology patients.

INTRODUCTION

Clonal hematopoiesis (CH) is the clonal expansion of he-
matopoietic stem cells (HSCs) and their progeny as driven by
somatic mutations acquired during aging. CH describes any
clonal expansions found in the blood and HSCs driven by
somatic mutations and is thus inclusive of hematologic
malignancies such as acute myeloid leukemia (AML) but
typically refers to patients with premalignancy and no
established disease.'3 A second term, CH of indeterminate
potential (CHIP), has been adopted to help differentiate
between malignant and nonmalignant CH by specifically
referring to the latter and its propensity, but indeterminate
potential, for malignancy, and the absence of cytopenia
(Fig 1). Between studies, the exact characterization of CH-
driving mutations varies, but they are generally identified as
cancer-driving single-nucleotide variants or smaller in-
sertions or deletions (indels)."> The genes implicated with
CH are largely drivers of myeloid hematologic malignancies.
Most CH-causing mutations are found on three epigenetic
regulator genes—DNMT3A, TET2, and ASXLi. Other fre-
quently mutated gene targets include DNA damage response
(DDR) genes such as TP53 and PPM1D, cell growth signalers
such as JAK2 and CBL, and RNA splicing factors such as
SRSF2, SF3B1, and U2AF1.1-*»5° More recent studies have also
implicated lymphoid cancer—associated genes and mosaic
chromosomal alterations (mCAs)—larger-scale genomic
amplification, deletion, and loss of heterozygosity events—
in the clonal expansion of HSCs; however, their integration
into the literature is ongoing.>’"® Another defining char-
acteristic of CH is variant allele frequency (VAF), which
describes the fraction or percentage of DNA molecules se-
quenced that display a given mutation. There are no specific
bounds to define CH, while the currently accepted VAF
threshold for CHIP is at least 2%, indicating that 4% of total
peripheral blood cells are affected, assuming a heterozygous
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mutation. Most studies have adopted this 2% VAF threshold
for identifying CHIP and its corresponding clinical associ-
ations; however, this threshold is somewhat arbitrary and
was initially determined by the standard limit of detection of
next-generation sequencing (NGS) technologies. Newer
technologies such as error-corrected (EC)-NGS can detect
small CH clones with VAFs as low as 0.01% that normally
escape detection, although the clinical implications of these
clones should decrease with diminishing clone size.'-3%"
Owing to the lack of sufficient differentiation between CH
and CHIP in most studies, we refer to both CH and CHIP as CH
in this review for its broader definition.

Recent studies have revealed differential associations of CH
with incident and prevalent cancers and their outcomes.
Increasing recognition and deeper understanding of genetic
subtypes of CH are yielding insights at the tumor-immune
interface that may help to explain the heterogeneous impact
of CH on tumorigenesis and treatment. Herein, we update
the expanding influence of CH in precision oncology and
propose important research and clinical questions to address
in order to effectively manage and harness CH in oncology
patients.

CH IN INFLAMMATION AND AGE-RELATED DISEASE

CH is notable as a model of somatic mutations and aging in a
variety of tissues, but its high prevalence and relationship
with various inflammatory processes and age-related dis-
eases makes it of great interest to clinicians and researchers.
Initial population screenings for CH surveyed blood-derived
genomic sequencing data from more than 30,000 individuals
for evidence of clonal expansion. Together, these studies
found that CH prevalence increases dramatically with age,
detected in 10%-20% of individuals older than 70 years
while being almost undetectable in those younger than

ascopubs.org/journal/po | 1


https://orcid.org/0000-0002-9584-9861
https://orcid.org/0000-0002-8346-5537
https://doi.org/10.1200/PO.23.00132
http://ascopubs.org/journal/po

Buttigieg and Rauh

CONTEXT

Key Objective

Clonal hematopoiesis (CH), the common age-associated expansion of somatically mutated blood cells, is associated with
immune dysregulation, increased inflammatory disease, and hematologic malignancy risk. This review explores the im-
plications of CH for solid cancers to provide recommendations for future research and practice.

Knowledge Generated

CH is common in patients with solid tumors, attributable to age, cancer treatments, and the possibility that CH is a risk
factor for some cancers. Current applications in oncology include the optimization of tumor molecular profiling and
management of therapy-related neoplasms. The effects of CH in the tumor microenvironment are diverse, varying between
CH driver and cancer type.

Relevance
The frequent copresentation of CH with solid cancer presents a tremendous opportunity to improve clinical outcomes for
patients with cancer. Implications of CH for some clinical applications are already clear, although much more research is

needed to leverage CH as a tool in precision oncology.

40 years. Of great concern, carriers of CH were found to have
a 30%-40% increase in all-cause mortality.!>¢ As noted
previously, these estimates rely on older sequencing
methods and higher VAF clones. With EC-NGS and the ability
to detect lower VAF clones, <2% VAF CH appears almost
ubiquitously in younger populations age 50-70 years,
reaching rates of 95%, compared with 5% in the afore-
mentioned studies.™

Although CH is a precursor state to hematologic malignancy,
not all CH-mutant clones develop into cancer, and the risk of
malignant transformation varies between subtypes of CH
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(reviewed in Bowman et al?). Initial studies revealed an
approximately 10-fold increase in relative risk and 1% an-
nual risk of malignant transformation, but it is again im-
portant to note the bias toward larger VAF clones because of
study methodologies, and increasing CH clone size and the
number of mutations were associated with increased risk of
hematologic malignancy.'” Recent estimates using more
sensitive sequencing methods predict a 3 to 5-fold increase
in AML risk and when distinguishing between myeloid- and
lymphoid-associated CH drivers, a 7-fold and 4.2-fold in-
crease in relative risk of myeloid and lymphoid cancers,
respectively.>>** In addition to clone size, the risk of
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FIG 1. Schematic overview of clonal expansion of HSCs in CH and the associated clinical conse-
quences of circulating CH-mutant HSC clones. After somatic mutations in a driver gene, the selective
advantage created allows the HSC clone to expand in the bone marrow and become overrepresented in
the blood, contributing to inflammation and age-related disease while posing a risk of malignant
transformation. Created with BioRender.* CH, clonal hematopoiesis; HSCs, hematopoietic stem cells.
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developing a hematologic malignancy is also modified by the
affected gene(s). The two most commonly affected genes in
CH, DNMT3A and TET2 exhibit some of the lowest rates of
AML progression while the less frequently mutated but still
prevalent TP53 and U2AF1 demonstrate a much higher risk of
malignant transformation and are associated with poorer
AML prognosis.»3"*> Certain mutations within genes also
confer varying risks of progression, such as the DNMT3A
R882H mutation—the most prevalent CH mutation
overall—which is underrepresented in CH versus AML and
myelodysplastic syndrome (MDS), indicating a potential for
increased progression risk.!®

Moving beyond the risk of overt hematologic malignancy,
the altered inflammatory milieu imposed by CH promotes
systemic inflammation and increased morbidity and
mortality.**7-2° Several studies of CH have characterized a
hyperinflammatory environment, including elevated levels
of tumor necrosis factor (TNF)-q, interleukin (IL)-6, and
IL-18 through the activation of various inflammatory
pathways.72° The effects of DNMT3A and TET2 mutations
have been best characterized in relation to inflammation,
although knowledge is still incomplete. These epigenetic
regulators have broad roles in restricting inflammation in
the immune system, such as in monocyte/macrophages,
where loss of function mutations in these genes promote the
excessive release of proinflammatory cytokines.*”**-23 Im-
portantly, the hyperinflammatory environment created by
CH also acts alongside inflammatory stressors such as in-
fection to promote the further development and expansion
of CH clones, acting cyclically to exacerbate inflammation
(reviewed in Cook et al'?). For example, the elevated levels of
TNF-«a commonly seen in CH have been found to provide a
fitness advantage for TET2-mutant HSCs, allowing them to
continue to expand and proliferate to occupy a larger pro-
portion of the active HSCs.'7:22:24:25

A primary consequence of CH-associated inflammation
and one of the main drivers of increased morbidity and
mortality in CH carriers is an elevated risk of developing
cardiovascular disease (CVD). Initially, the associations
between CH and CVD were limited to coronary heart disease
and ischemic stroke, where relative risk of incident events
were, respectively, 2 and 2.5 in CH carriers, with mutations
in JAK2 specifically conferring a 12-fold risk increase for
coronary heart disease.">2¢ Subsequent cohort analyses
and mechanistic studies have verified these initial findings
while also expanding to show that CH is associated with
increased risk of early-onset myocardial infarction,
chronic heart failure, and thrombosis.»?32¢-32 CVD is not
the only major clinical association of CH aside from
hematologic malignancy. CH-associated inflammation has
recently been linked to chronic kidney disease, with
patients found to have elevated levels of CH versus the
general population and had a more than doubled risk of
kidney failure during the study follow-up period.3* Other
adverse clinical outcomes associated with CH include
autoimmune diseases such as antibody-associated vasculitis,
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chronic obstructive pulmonary disease, osteoporosis, and,
albeit controversially, severe COVID-19.3473® Curiously, the
hyperinflammatory milieu conferred by CH may provide a
protective effect in some diseases, such as in Alzheimer
disease, where CH was found to reduce the risk for dementia
and neuropathological features.>

CURRENT INSIGHTS INTO CH AND SOLID CANCER
Presence of CH in Patients With Solid Cancer

Several population cohort studies have already begun ex-
ploring another significant clinical association of CH—solid
cancers. The first project specifically focused on CH in solid
cancers was an analysis of 8,810 patients treated at Memorial
Sloan Kettering (MSK). CH was common in this cohort,
appearing in just over 25% of analyzed patients with solid
cancer and associating with age, smoking, and previous ex-
posure to therapy.*® Subsequent analyses of an overlapping
but expanded cohort from MSK similarly found the prevalence
of CH in patients with cancer to be 30%. Interestingly, the
incident risk of CH was not uniform across cancer types—
patients with thyroid and ovarian cancer demonstrated an
elevated risk of CH, whereas melanoma, prostate cancer,
colorectal cancer, and renal cell carcinomas were associated
with a lower risk of CH.#* An additional analysis of cancer
patient samples identified an increased risk of CH in thymoma
patients and a reduced risk in bladder and breast cancers.*
The risk of confounding because of relationships with cancer
treatment (see CH as a Predictor of Clinical Outcomes in
Patients With Cancer section, below) and shared CH and
cancer risk factors such as age and smoking limit the ability of
these studies to make causal conclusions about the risk as-
sociations between CH and cancer.**

Larger, non—cancer-specific longitudinal studies have the
added benefit of monitoring healthy people with CH over an
extended period, better modeling incident disease risk. An
analysis of 200,453 individuals enrolled in the UK Biobank
study found various associations between CH status and the
risk of developing a solid tumor. CH, especially with mu-
tation VAF >10%, was linked with incident lung cancer,
kidney cancer, lymphoma, and sarcoma. Notably, certain
driver genes also carried their own incident risk
associations—DNMT3A-mutant CH was additionally asso-
ciated with incident stomach and bladder cancer while
mutations in splicing factors SF3B1 and SRSF2 were uniquely
linked with higher rates of colorectal and head/neck can-
cers.”? A similar analysis using 628,388 individuals from the
UK Biobank found relationships between CH status and
incident risk of lymphoid cancer, lung cancer in both
smokers and nonsmokers, breast cancer, and prostate
cancer. Strengthening the link between CH and lung
cancer, CH conferred a 36% risk increase for disease across
several cohorts, even when controlling for other con-
founders.*> Conversely, a recent evaluation of CH and
prostate cancer risk found no association with the risk of
prostate cancer.4®
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CH as a Predictor of Clinical Outcomes in Patients
With Cancer

CH can play an important role in predicting various clinical and
treatment outcomes after a cancer diagnosis (Fig 2). One of the
better-studied implications of CH in this regard is the devel-
opment of therapy-related myeloid neoplasms (tMNs)—a rare
yet severe complication of cancer treatment. tMNs, which
include AML, MDS, and MDS/myeloproliferative neoplasms,
are gravely dangerous malignancies, with a 5-year survival of
just 10%.4” It was previously thought that cancer therapies such
as cytotoxic chemotherapy and radiotherapy were directly
causing tMNs via mutagenic effects on HSCs; however, recent
evidence has demonstrated that the presence of CH in patients
with cancer significantly increases the likelihood of tMN
development.*447 In fact, the tMN driver mutations in adult
patients with cancer are repeatedly found circulating before the
receipt of cancer therapy, indicating that cancer therapy is
instead providing a selective pressure that favors the growth
and ultimately malignant transformation of preexisting CH
clones.“* The effects of cancer therapy on CH clones are not
uniform, differing on the basis of the role of the mutated driver
gene. Studies investigating this phenomenon have recurrently
found enrichment of DDR gene-mutant CH in patients after
cytotoxic chemotherapy and radiotherapy, with experimental
and clinical evidence supporting a fitness advantage for these
mutations in the context of therapy.**4"4%-5' This may explain
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the previously noted enrichment of CH in some groups of
patients with solid cancer, with treatments such as radioactive
iodine and peptide receptor radionuclides implicated with in-
creased prevalence of CH in thyroid and neuroendocrine tumors,
respectively, although the potential roles of CHas a causal driver
in tumorigenesis should not be neglected, as seen with lung
cancers.*>5»5 Beyond the elevated risk of tMN development,
cancer therapy—related CH driven by DDR gene mutations has
also been implicated in other treatment complications via ex-
cessive inflammation, namely chemotherapy-induced car-
diomyopathies and nonischemic heart failure.>*>¢ Although
studies have found that immunotherapies generally have no
influence on CH clones in patients with cancer, a case report
highlighted a patient with large B-cell lymphoma who expe-
rienced the fatal expansion of a TP53-mutant CH clone after
anti-CD19 chimeric antigen receptor (CAR) T-cell therapy,
demonstrating a need for treatment-specific insights for im-
munotherapy and clonal dynamics in CH.%»57 In pediatric can-
cers, chemotherapy and radiation were found to predict CH
presence in survivors, albeit these therapy-related clones
remained stable in size during longitudinal follow-up.>®

Patients with cancer with >10% VAF CH have been found to
experience poorer overall survival than CH-negative pa-
tients, even when controlling for factors such as age, sex,
and smoking. Strikingly, however, most of this effect was not
driven by tMN development, but rather the most common

FIG 2. Summary of the systemic and tumor-level effects of CH in patients with solid tumor supported by recent research. Similar to
healthy individuals, patients with cancer with CH will experience elevated systemic inflammation, higher risk of age-related conditions,
especially cardiovascular disease, and increased hematologic cancer risk, primarily via therapy-related myeloid neoplasm. At the tumor
level, CH has a diverse range of effects that vary on the basis of cancer type and CH driver mutation, while also interfering with the
diagnosis of tumour mutations. Created with BioRender.* CH, clonal hematopoiesis; IL, interleukin; TME, tumor microenvironment; TNF,
tumor necrosis factor.
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cause of death among patients in the cohort was progression
of the primary tumor.“° The reason for this effect on cancer
progression is yet to be determined, with different cancer
types and CH-driving mutations each experiencing distinct
relationships (see CH at the Tumor-Immune Interface
section, below). With tumor progression being a potential
driver of this relationship between CH and mortality in
patients with cancer, the lack of literature examining CH in
cancer progression and metastasis is surprising. A small
study of patients with metastatic renal cell carcinoma found
CH in 43% of patients, negatively affecting overall survival.>®
Sequencing of metastatic breast cancer specimens found
that CH may be dictating bone metastasis, with enrichment
for DNMT3A mutations in the samples found in a pattern
resembling CH.®° Although these findings are notable, they
are nonetheless incidental, and the conclusions that can be
drawn from them are limited. A recent analysis of the results
of the FIRE-3 trial for metastatic colorectal cancer was able
to focus primarily on CH and outcomes in metastatic cancer,
finding that 36% of the patients in the trial had CH and that
CH was associated with improved survival outcomes—driven
specifically by mutations in DNMT3A.%* In an effort to expand
on these findings, the influence of CH on survival was
evaluated in metastatic esophagogastric and colorectal
cancers. This study found that CH was associated with re-
duced overall survival in the esophagogastric cancers and
had a null effect in colorectal cancers—although DNMT3A
mutation status was not independently evaluated as in the
FIRE-3 trial analysis.®>

CH may also provide value as a predictive biomarker for
cancer immunotherapy treatments. A study conducted on the
same MSK cohort described above examined the relationship
between CH and outcomes for patients undergoing immune
checkpoint inhibitor (ICI; anti—PD-1 receptor/ligand) ther-
apy, finding that CH was predictive of poorer survival for
most cancer types, with the notable exception of colorectal
cancer.®> DNMT3A mutation status also identified a distinct
subgroup of patients with metastatic non—small-cell lung
cancer that saw improved responses to ICI, although it was
unclear whether these mutations were found in tumor cells or
CH-mutant tumor-infiltrating leukocytes.® CH in CAR T-cell
therapy has also demonstrated predictive value, although
results vary between studies. An initial investigation showed
that CH was associated with complete response and cytokine
release syndrome but not survival in patients with non-
Hodgkin lymphoma and multiple myeloma.®> Another
study examining CAR T-cell therapy in non-Hodgkin lym-
phoma found contradicting results, with CH predicting im-
proved overall survival but no change in response rates.®¢

Diagnostic Relevance of CH in Solid Cancers

The complete range of prognostic and predictive implications
of CH are yet to be fully realized; however, CH has already made
an unplanned entry into precision oncology by appearing as an
incidental finding in tumor or liquid biopsy genetic testing for
patients. As discussed previously, the common mutational
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drivers of CH fall on common cancer driver genes, and as such,
mutations carried by CH clones may be misinterpreted as
tumor mutations or even germline events.

Germline interference is generally rare among patients with
cancer—CH has been recorded to interfere in just 0.3% and
0.05% of patients in two large studies of germline genetic
testing.®7¢® Although rare, appropriate measures must be
taken to avoid the misdiagnosis of germline conditions such
as Li-Fraumeni syndrome (LFS), a condition driven by
mutations in the common CH gene TP53. A follow-up study
for TP53 variants in germline testing was able to successfully
distinguish LFS from CH and other somatic expansions using
established LFS diagnostic criteria, tracking of variants
through family history, and VAF evaluation.®®

CH becomes slightly harder to differentiate when it is dis-
covered alongside other somatic variants sourced from a
patient’s tumor. If both tumor and matched blood have been
sequenced, this distinction can be informed by variations
in VAF of the clone between the two samples, with higher
blood VAF indicating a clone of hematopoietic origin.*® With
tumor-only sequencing, CH mutations may lead to incorrect
reporting of tumor variants, potentially leading to recom-
mendations for inappropriate targeted therapies of little to no
clinical benefit. In multiple cohorts, CH-associated mutations
found in the blood are frequently detected in unpaired tumor
sequencing, contributing to the erroneous calling of tumor
variants in as many as 5% of patients.”>”* The contamination
of liquid biopsies with CH variants is also problematic,
with evaluations of cell-free DNA samples showing a sig-
nificant proportion of somatic mutations that display features
consistent with CH.”>"7> As an incidental finding, CH with
high-risk mutations can act as a point of referral for further
hematologic consultation, helping to reveal occult hemato-
logical malignancies.” The possibility of CH contaminating or
interfering with diagnostic tests warrants consideration from
precision oncologists, although knowledge of CH and the
utilization of matched blood and/or tissue normal sequencing
alongside tumor sequencing can drastically reduce the risk of
any adverse consequences for patients.

CH at the Tumor-Immune Interface

The clinical associations found between CH and cancer are
becoming increasingly apparent with each upcoming study, so
it is imperative that these are accompanied by basic research to
support causal associations and identify potential confounding
relationships. By using samples from primary breast tumors,
researchers identified that immune cells carrying somatic
mutations in CH driver genes were infiltrating the tumor
microenvironment (TME).”” Additionally, there is evidence that
patients with solid tumors with CH, at least those with TET2
or DNMT3A variants, experience elevated levels of lymphocyte
invasion in the TME.”® Given that these mutant immune cells
are entering the TME, it is reasonable to predict that they might
be disturbing the intricate balance of immunity and eliciting a
direct effect on the growth and progression of the tumor.
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At the cellular level, changes to immune function induced by
CH driver mutations have both protumorigenic and anti-
tumorigenic effects. For example, macrophage-specific
mutations in TET2 and PPM1D can drive elevated levels of
IL-18 and IL-18 via increased activation of the NLRP3
inflammasome.3>»5¢ The NLRP3 inflammasome has been
shown to play a bidirectional role in the antitumor immune
response, with activation of the pathway linked to the
progression of several types of cancer such as breast cancer,
lung cancer, and lymphoma, although of note, NLRP3 ac-
tivation has been found to be protective in colorectal
cancers.”’?"83 IL-6, another commonly elevated inflamma-
tory marker in CH, is linked with not only numerous det-
rimental processes in tumorigenesis such as tumor cell
proliferation and angiogenesis but also antitumorigenic
processes such as T-cell trafficking to the tumor site.®* The
disruption of common CH driver genes, namely DNMT3A
and TET?2, can also directly modulate the function of CAR T
cells. With the loss of TET2, CAR T cells demonstrated a
central memory phenotype that helped enhance the potency
of the cells while DNMT3A regularly plays a role in inducing
the epigenetic changes that underlie exhaustion, so deletion
facilitated an enhanced antitumor response.®>%¢ These
studies directly reference CH mutations in CAR T cells, al-
though it is yet to be determined how these mutations in
normal circulating human T cells can modulate their
function.

Animal models have also provided evidence for distinct
roles of the CH driver genes in tumorigenesis. TET2 has
been most extensively studied in this regard, with one study
highlighting a protumorigenic effect of TET2 deletion that
operates through increased populations of granulocytic
myeloid-derived suppressor cells that deplete CD8+ T cells,
driving immunosuppression and tumor growth in models
of hepatocellular carcinoma and breast cancer.’” Other
models of hematopoietic TET2 depletion have shown
varying effects, promoting angiogenesis and tumor
progression in lung cancer while reducing tumor burden in
melanoma by facilitating a proinflammatory tumor-
associated macrophage phenotype that augmented T-cell
infiltration.®®#° Less data are available for other common
CH drivers, but similar trends appear. DNMT3A loss of
function mutations appeared to drive colitis-associated
colon cancer growth and progression, although the exact
mechanism has not yet been elucidated.®® ASXL1 mutations
were found to promote tumorigenesis in a variety of cancer
models through disrupted T-cell development and func-
tionality.*! Finally, wild-type p53 in myeloid cells was found
to suppress M2 macrophage polarization and tumor
invasiveness in an intestinal cancer model, indicating a
potential cancer risk with TP53 loss-of-function mutations
in CH.?2

FUTURE DIRECTIONS AND CHALLENGES

The findings presented here depict an exciting future for
research examining the role of CH in solid tumors. Building
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on this foundation, there are a number of additional steps
that need to be taken to translate these findings into pre-
cision oncology practice. Primarily, current knowledge of CH
in solid cancers depicts a relationship that is as heteroge-
neous as cancer itself, and more research will be required to
better understand this relationship to determine the con-
texts where CH is helpful, harmful, both, or neutral for
patients with solid tumors. Further analyses of longitudinal
population and cancer-specific cohorts will provide a better
estimate of the risk of specific cancers and clinical outcomes
in relation to CH, hopefully while being able to separate
confounding effects due to cancer therapy and shared risk
factors between both conditions. Although connected by
signs of systemic inflammation and immune dysfunction,
the variety of CH driver mutations have demonstrated di-
verse effects on tumorigenesis at different sites, the most
notable of which being the distinct protective effect of CH
reported in colorectal cancers. These nuances must be
studied further if we ever hope to use CH in cancer therapy—
both to develop novel strategies and optimize existing ones,
whether that be targeting CH directly, incorporating CH as a
prognostic and/or predictive biomarker, or leveraging CH in
the TME to our benefit.

Targeting CH directly remains elusive, largely driven by a
lack of motivation for clinical trials because of the limited
risk-benefit profile that has been proposed by existing
research. Potential avenues of treatment have been
reviewed previously with relevance to precision oncology
by Miller and Steensma,®? although some novel approaches
have been proposed since then. For example, DNMT3A R882
mutations are noted as the most prevalent of all CH variants
across many studies, and the herbal extract, oridonin, has
been proposed as a promising candidate to suppress both
CH and leukemias that are driven by such mutations.® One
novel approach for TET2-mutant CH is the utilization of
eltrombopag, a thrombopoietin receptor agonist that can
restrict the growth of malignant TET2-mutant clones while
favoring the expansion of healthy cells.> Targeting of
TET2-mutant cells has also shown promise with the mutant
IDH1/2 metabolite 2-hydroxyglutarate and similarly engi-
neered small molecule inhibitors, as well as XPO1
inhibitors.?%97 Other advancements include the potential of
PARP1 inhibition for antagonizing TET2-mutant CH;
however, the risk of hematologic malignancy is elevated in
patients undergoing this therapy and thus more research is
warranted before this can be applied safely in a clinical
setting.#4+°% With the implication of inflammasome activity
in TET2-mutant and other forms of CH, clinical trials such
as IMPACT are now investigating the value of the anti—IL-
18 antibody canakinumab in high-risk CH (ie, clonal
cytopenia of undetermined significance; ClinicalTrials.gov
identifier: NCT05641831).

Beyond cancer, developments in our understanding of the
biology of CH will also prove beneficial in a variety of clinical
settings. For example, the implications of more novel CH
drivers such as lymphoid cancer—associated genes and mCAs
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are not yet fully elucidated in a more general sense, let alone
in the context of cancer. Looking toward the future, the
influence of CH in the era of precision medicine is expanding
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