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A novel, common, and potent cardiovascular risk factor has recently emerged: clonal
hematopoiesis of indeterminate potential (CHIP). CHIP arises from somatic mutations in
hematopoietic stem cells that yield clonal progeny of mutant leukocytes in blood. Individuals with
CHIP have a doubled risk of coronary heart disease and ischemic stroke, and worsened heart
failure outcomes independent of traditional cardiovascular risk factors. The recognition of CHIP as
a non-traditional risk factor challenges specialists in hematology/oncology and cardiovascular
medicine alike. Should we screen for CHIP? If so, in whom? How should we assess cardiovascular
risk in people with CHIP? How do we manage the excess cardiovascular risk in the absence of an
evidence base to guide us? This document explains CHIP, explores the clinical quandaries, strives
to provide reasonable recommendations for the multidisciplinary management of cardiovascular
risk in individuals with CHIP, and highlights current knowledge gaps.

Condensed Abstract:

A common, potent, and independent cardiovascular risk factor has recently emerged: clonal
hematopoiesis of indeterminate potential (CHIP). Somatic mutations in hematopoietic stem cells
cause CHIP, yielding clones of mutant leukocytes in blood. CHIP doubles the risk of
atherosclerotic events and worsens heart failure outcomes. Should we screen for CHIP? If so, in
whom? How should we assess cardiovascular risk in people with CHIP? How do we manage the
excess cardiovascular risk? This document explains CHIP, explores the clinical quandaries, strives
to provide reasonable recommendations for the multidisciplinary management of cardiovascular
risk in individuals with CHIP, and highlights current knowledge gaps.
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A powerful, previously unrecognized, and independent cardiovascular risk factor lies at the
interface of aging, heart disease, and cancer: clonal hematopoiesis of indeterminate potential
(CHIP, see Tables 1-3 for definitions).(1-3) With age, we can acquire somatic mutations.
When bone marrow hematopoietic stem cells sustain some such genetic alterations in
specific genes (Central Illustration, top), these cells can give rise to clones of mutated
leukocytes that populate peripheral blood (Central Illustration, middle). This situation differs
from cancer, but can be viewed as one step down the path to leukemia (Central IHlustration,
lower right). Most individuals who harbor these circulating clones of mutated white blood
cells will never develop leukemia, hence the term “indeterminate potential.” The transition
to acute leukemia usually requires the acquisition of two or three successive mutations in
leukemia driver genes in the same leukocyte clone, a relatively rare occurrence that arises
only 0.5% -1% per year in CHIP carriers. Yet, CHIP confers a 40% increase in
cardiovascular risk, independent of traditional risk factors (Central Illustration, lower left).
As up to 20% of septuagenarians have CHIP, this condition comprises a newly recognized,
common, and potent cardiovascular risk factor that links with aging and predisposition to
hematologic malignancy.

CHIP can be detected through DNA sequencing of peripheral blood, saliva, and tumor
samples (through blood contamination) (4-7). Cancer centers increasingly perform DNA
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sequencing of tumor samples and blood either as a matched normal sample or for the
purpose of cancer predisposition germline testing. When blood serves as a control for solid
tumor sequencing, 25% of patients have mutations present in the blood and not the tumor,
and ~5% of patients have mutations in putative leukemia drivers that define CHIP.(8) The
genes most commonly mutated in CHIP lie within the panel of genes mutated in
hematologic malignancies (Table 2). Thus, cancer sequencing studies or unbiased genome or
exome sequencing studies can incidentally identify individuals with CHIP.(5) As DNA
sequencing becomes routine in cancer care, growing numbers of survivors of solid and
liquid malignancies will be found to have CHIP. DNA sequencing is increasing in
individuals without cancer as well. From genetic predisposition testing to direct-to-consumer
genetics products, millions of Americans have undergone genomic profiling.(9) Thus, the
detection of CHIP can arise through several portals, ranging from an incidental finding in
apparently well individuals to patients with known malignancy (Figure 1). Hence, the
management of incidental findings such as CHIP will present an increasing challenge to
clinicians of various specialties.

Individuals found to have CHIP require expert management of their long-term
cardiovascular risk. In addition, as the condition becomes more widely known to physicians
and the public, apparently well individuals who seek comprehensive risk assessment, or
those with premature atherosclerosis (age less than 60) without apparent risk factors to
account for their disease burden may undergo DNA sequencing to identify CHIP. While we
do not recommend routine testing for CHIP at this time, these later categories of “worried
well” or of secondary prevention patients will present for evaluation by cardiovascular
specialists.

Specialists in cardiovascular medicine and in hematology/oncology will need to incorporate
the very new research findings that link acquired DNA mutations in blood cells with
cardiovascular events into their practices. As a community, we need to counsel and care for
individuals with this risk factor, despite the current lack of a firm evidence base. This
statement, developed by an expert panel of physicians, aims to provide a summary of our
current understanding of CHIP, and proposes a working framework on how to approach
screening, diagnosis, and the management of patients with this finding. We also highlight the
critical need for further investigations to develop evidence-based screening, surveillance, and
management strategies.

Clonal Hematopoiesis of Indeterminate Potential (CHIP): A Newly

Recognized and Potent Risk Factor for Cardiovascular Disease

Somatic mutations accumulate during the human lifespan in a wide variety of healthy tissue
including normal esophageal tissue(10), the skin(11), and blood.(1,12) In hematopoietic
stem cells, certain mutations, all of which are also found in hematologic malignancies, can
drive a clonal expansion (Central Illustration, top). Since these mutations do not block
hematopoietic differentiation, the mutant progeny of these hematopoietic cells circulate in
the peripheral blood (Central Illustration, middle). As expected, the probability of having
such a mutant clone in the blood increases with advancing age: by age 70, 10-20% of
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individuals harbor a leukocyte clone in peripheral blood with a variant allele fraction of at
least 2%.(3,12) The consistent increase in the prevalence of CHIP with age may reflect the
cumulative duration of exposure to age-ependent mutational processes, environmental
mutagens such as radiation (ambient, occupational, diagnostic or therapeutic(8)), tobacco
smoke, or air pollutants. Exposure to mutagenic drugs provide a selective pressure for
particular CHIP clones. (8,13,14) In addition, impaired DNA repair and altered telomere
dynamics may contribute to accumulation of CHIP-associated mutations with age.(15)
Recent work has identified these specific mutations as occurring in more than 20 genes
commonly implicated in the pathogenesis of myelodysplastic syndrome and acute myeloid
leukemia, with the majority of cases of CHIP caused by mutations in only a handful of
genes, including DNMT3A, TETZ, ASXL1, PPM1D, JAKZ, TP53, SF3B1, and SRSF2
(Table 2).

These mutations confer a relatively modest risk of 0.5-1% per year of developing a
hematological neoplasm, and most individuals who carry such mutations in hematopoietic
cells will never develop hematologic malignancies and will remain asymptomatic with
normal blood counts. As noted above, hematologic malignancies generally require the
successive acquisition of several subsequent mutations in the same clone.(2) The condition
characterized by a mutation associated with a hematological neoplasm in the absence of a
hematological neoplasm was defined in 2015 as “clonal hematopoiesis of indeterminate
potential” (CHIP), indicating the variable consequences for an individual, ranging from no
apparent manifestation to a precursor state for hematologic neoplasms (Table 3). This
situation resembles the more familiar case of monoclonal gammopathy of unknown
significance (MGUS), wherein an incidentally noted paraprotein spike can presage the
development of multiple myeloma. Most individuals with MGUS, however, like those with
CHIP, will never progress to a frank malignancy.

The current criteria for the diagnosis of CHIP include a normal peripheral blood count, and a
population of mutant cells of at least 2% of the peripheral blood leukocytes (a variant allele
fraction or VAF, of > 2 %) (Table 3). This definition excludes several types of clonal
hematopoiesis that currently have unclear significance. First, a much larger proportion of
individuals have very small clones with a VAF <2%; these have a less well-established
clinical impact and also lie beneath the analytical sensitivity (level of detection) of most
clinically available, next-generation sequencing assays. Second, some individuals have
evidence of an expanded hematopoietic clone without a known leukemia-associated driver
mutation; this state is more difficult to detect with targeted sequencing panels, and its impact
remains unclear. Finally, the definition of CHIP excludes individuals with overt hematologic
abnormalities or malignancies, although all such patients have an expanded clonal
population of cells and may also be at increased risk for a cardiovascular event, in part
related to chronic anemia and transfusional hemosiderosis.

The identification of asymptomatic carriers of these mutations will doubtless increase as the
frequency of people grows who undergo sequencing of their genome, and who have the

subsequent incidental detection of blood-restricted mutations. Such individuals have already
begun to present to practitioners in search of advice about the implications of the results for
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their heath and counsel regarding steps that they can take to manage the cardiovascular and
oncologic risk.

Different mutations appear to confer a variable risk of transition to acute leukemia. Recent
studies show that healthy individuals who carry somatic mutations in DNMT3A, TETZ,
JAKZ, and spliceosome genes such as UZAFI and SRSFZ, and IDH1/2and TP53, have
increased risk of developing acute myeloid leukemia (AML)(16-18). Moreover, the risk of
developing AML differed based on the particular CHIP gene mutated in the individual’s
clone. For example, 7P53and the spliceosome gene U2AF1 associate with high risk of
subsequent myelodysplastic syndromes (MDS) or acute myeloid leukemia (AML), while
DNMT3A and TET2mutations confer a lower risk(16). Despite the less than 1%/year
chance of developing leukemia, individuals with CHIP have a 40 % increase in all-cause
mortality.(1,12) This increased risk of death by far outstrips that attributable to hematologic
malignancy. A series of large populations analyzed by whole exome sequencing revealed
that bearers of CHIP have a high prevalence of cardiovascular events and deaths due to
myocardial infarction and stroke. Moreover, recent data show that survivors of myocardial
infarction with CHIP have increased mortality and worsened heart failure outcomes.(19,20)
Thus, the major adult cardiovascular diseases account for the bulk of the mortality
associated with CHIP (Central Illustration, bottom left).

These findings present urgent clinical challenges to practitioners. Should we routinely screen
broad populations for the presence of CHIP, as we do with individuals who have traditional
cardiovascular risk factors such as hypertension and hyperlipidemia? Should we evaluate for
the presence of CHIP only in selected populations — those over 65 years of age, or patients
with cardiovascular disease without apparent traditional risk factors? After identification of
CHIP, what cardiovascular risk factor testing and monitoring should CHIP bearers have?
Should all individuals with CHIP undergo further cardiac testing to detect atherosclerosis or
myocardial ischemia? What other cardiac or vascular imaging strategies should we consider
for monitoring individuals with CHIP? Should cancer patients and survivors with CHIP be
managed differently from screened populations? As genome sequencing becomes more
prevalent, we must prepare to confront these issues as clinicians who will encounter CHIP
bearers with increasing frequency, despite the paucity of presently available data to guide
clinical management.

Important questions that require elucidation include whether different CHIP-causing
mutations vary in the type, presentation, and severity of cardiovascular complications,
similar to the varied risk of leukemia depending on the particular gene mutated in the
expanded clone. Should each of the several common CHIP mutations receive the same
management strategies to address cardiovascular risk? Does the presence of other risk
factors for cardiovascular disease— such as diabetes, dyslipidemia, or tobacco use—maodify
the effect of CHIP on future risk? Finally, the frequency of follow-up examinations presents
additional and ongoing clinical challenges.
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Potential mechanisms by which CHIP mutations augment cardiovascular

risk

To inform this discussion, we consider some of the mechanisms postulated to link CHIP to
cardiovascular events. Age strongly associates with both CHIP and atherosclerotic
cardiovascular disease (ASCVD). One might therefore question whether CHIP mutations
contribute causally to cardiovascular conditions, merely accompany aging, or reflect a
common risk factor (e.g., polymorphisms in DNA repair leading to a greater likelihood of
acquisition of mutations, leading to expansion of hematopoietic clones, which in turn can
cause accelerated vascular endothelial injury). While there are certainly germline
predispositions to CHIP,(14) experimental evidence in mice and cultured cells instead
suggest a direct causal relationship between CHIP and cardiovascular events (12).

Mice engineered to bear common mutations in CHIP, e.g. 7et2, on a background of
atherosclerosis susceptibility (low-density lipoprotein [LDL] receptor deficiency) show
accelerated lesion formation.(12,21) RNA sequencing of cells with loss-of-function
mutations in 7et2show augmented expression of pro-inflammatory mediators implicated in
the pathogenesis of atherosclerosis including the cytokines interleukin-1-beta (IL-1np) and
interleukin-6 (IL-6) when appropriately stimulated with a classical cardiovascular risk
factor, LDL (12).

Mice that bear blood cells with loss-of-function mutations of 7et2have increased plasma
concentration of a cluster of chemokines and cytokines. Thus, at both the RNA and protein
level, 7et2appears to potentiate atherogenesis by stimulating inflammation (12,22).

The activation of IL-1f involves the cytoplasmic supramolecular assembly known as the
NLRP3 inflammasome. Inhibitors of the inflammasome can limit CHIP-associated
accelerated atherogenesis and ischemia-induced heart failure in mice.(21,23) Approved
strategies exist for human use of antibodies that inhibit active IL-1p, a key product of the
inflammasome or IL-6, another pluripotent pro-inflammatory cytokine itself induced by
IL-1.(24) Convincing human genetic data also support the causality of IL-6 signaling in
atherosclerotic risk.(25,26) Overall, these findings not only indicate causality of one CHIP
mutation with cardiovascular disease, but also have immediate translational implications.

The driver genes that cause CHIP include Janus kinase 2 (JAKZ2), although mutations in this
gene causes CHIP much less frequently than DNMT3A and TETZ. The most common CHIP
JAKZ mutation is the V61 7F variant associated with polycythemia vera, other
myeloproliferative neoplasms, and idiopathic thromobcytosis. The granulocytes bearing this
mutation show heightened sensitivity to the formation of neutrophil extracellular traps
(NETS).(27) These structures, comprised of extruded nuclear DNA decorated with proteins
implicated in inflammation and coagulation, participate in thrombosis. Granulocytes bearing
Jak2V617F exhibit activation of the B1 and B2 integrins that mediate binding to endothelial-
leukocyte adhesion molecules, another link with vascular inflammation.(28) Furthermore,
introduction of Jak2V617F leukocytes into the bone marrow of atherosclerosis-prone mice
enhances the formation of the plaque’s lipid-rich necrotic core due to a defect in clearance of
dead leukocytes (a process termed efferocytosis).(29,30) Jak2V617F macrophages also engulf
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red cells more voraciously compared to wild-type phagocytes. These observations indicate
that CHIP due to mutant JAKZ promotes cardiovascular events, at least to some degree,
through mechanisms distinct from 7E72mutations that associate with enhanced expression
of pro-inflammatory mediators. The observations with Jak2also have immediate
translatability, as a JAKZ/2inhibitor, ruxolitinib, has received approval for treatment of
primary myelofibrosis and polycythemia vera. Other JAK inhibitors are in late stages of
development.

Should we screen for CHIP?

Despite a lack of consensus guidelines for CHIP screening, diagnosis, and management, a
growing need exists for clinical recommendations and building a strategy for evidence in
multi-disciplinary settings for patients with CHIP mutations. DNA sequencing has now
become routine in the diagnostic workup of patients with established and suspected
hematological malignancies, patients with solid tumors, and inherited disorders, and for
genetic predisposition testing.(8) While age has the strongest association with CHIP, other
factors increase the frequency of CHIP, including smoking, and even germline
polymorphisms, e.g. in the telomere protein 7ER7 and in JAKZand TET2, among many
others (25).

Survivors of non-myeloid malignancies also have an increased prevalence of CHIP,
particularly those who received cytotoxic chemotherapy and radiation. Individuals with
cancer more frequently have CHIP due to mutations in genes involved in DNA damage
response, such as 7P53and PPM1D, than do people with CHIP in the absence of
malignancy.(6) These patients have a heightened risk of therapy-related MDS or AML,
especially in the case of 7P53 mutations.(6) Pre-treatment identification of CHIP also
associates with increased relapse, poorer outcomes post autologous or allogeneic marrow
transplantation, and overall increased mortality (see my review article for all these citations).
Cardiovascular specialists who participate in the evaluation and management of cancer
survivors with CHIP should integrate overall prognosis and quality of life in their shared
decision-making. Cancer patients with limited life expectancy may not require
cardiovascular testing and intense risk reduction interventions.

As we lack evidence to guide us in the management of cardiovascular risk and other
complications associated with CHIP, we do not presently recommend screening of
unselected individuals for CHIP mutations. Yet, obtaining sequencing for CHIP mutations
from a cardiovascular perspective might be appropriate for selected individuals with
premature or unexpected coronary artery disease in the absence of traditional risk factors.
Genotyping for CHIP should involve shared decision-making between an informed
individual and the practitioner. Appropriate counseling should be available in the event of
identification of a CHIP mutation. Individuals who choose to undergo genotyping for CHIP
require full disclosure of the lack of current evidence regarding management of this
situation. Targeted next-generation sequencing panels inclusive of CHIP-associated
mutations currently cost hundreds of US dollars. At present insurers will often not cover the
cost of such tests. The price of testing will certainly fall in the coming years, augmenting the
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access to detection of CHIP. The clinical effectiveness and cost/benefit aspects of testing in
individuals of various risk categories requires further exploration.

Management of cardiovascular risk in individuals with CHIP

Current guidelines regarding the management of cardiovascular risk factors and the several
risk calculators promulgated by various professional organizations do not take into account
the enhanced risk of CHIP. However, growing scientific data and cohort studies and
advances in the field suggest that CHIP may eventually integrate into the landscape of
cardiovascular risk stratification guidelines. Currently, we suggest adopting shared decision-
making with CHIP carriers, including the stringent treatment of all modifiable risk factors.
We have developed a standard protocol for all individuals with CHIP (Figure 2). We perform
a thorough assessment of traditional cardiovascular risk factors, among them tobacco use,
family history of premature (age less than 60) atherosclerotic cardiovascular disease, systolic
and diastolic blood pressure measurements, physical examination (including body mass
index), a lipid panel including LDL, triglycerides, high-density lipoprotein (HDL), very low-
density lipoprotein (VLDL), high-sensitivity C-reactive protein (hsCRP), and hemoglobin
Alc (HbAlc) and fasting glucose. Further workup includes discussion with the patient of the
uncertainties we face in the management of cardiovascular risk due to CHIP, takes into
account individual preferences, and offers the most informed advice regarding aggressive
control of the aforementioned actionable risk factors, including hypertension, high LDL,
diabetes or impaired glucose tolerance, obesity, or tobacco use. Our recommendations to
individuals with CHIP emphasize lifestyle measures including tobacco use cessation, weight
control, encouragement of regular physical activity, and a heart-healthy diet. An exercise
prescription consistent with AHA guidelines consists of at least 150 mins/wk of moderate-
intensity exercise or at least 75 mins of vigorous exercise or a combination thereof.

Lifestyle recommendations in most cases should accompany the discussion of and shared
decision-making regarding pharmacologic treatment, including consideration of statins or
the cholesterol-absorption inhibitor ezetimibe. When using guidelines to help manage blood
cholesterol we suggest consideration of CHIP as an additional “risk-enhancing factor”
favoring the initiation of a statin.(31) Two classes of glucose-lowering agents have shown
the ability to improve cardiovascular outcomes (certain glucagon-like peptide (GLP)
agonists and sodium-glucose co-transporter-2 blockers [SGLT2].) Thus, practitioners may
wish to consider these agents that have demonstrated cardiovascular risk reduction for
individuals with CHIP and diabetes. The use of aspirin in primary prevention has come
under considerable scrutiny in light of recent clinical trials. A possible association of CHIP
with intracerebral hemorrhage further discourages aspirin use in those with CHIP who have
not had an ischemic event.

Should we image individuals with CHIP?

Current guidelines generally do not endorse screening of unselected individuals with
modalities that assess atherosclerotic burden such as coronary artery calcium scoring (CAC)
or computed tomographic angiography (CTA). Indeed, the detection of subclinical
atherosclerosis in asymptomatic individuals can initiate a chain of events that typically
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involve further testing, which is often invasive, with obvious consequences including
complications and anxiety. The 2018 US Cholesterol Guidelines suggest CAC score as an
option to aid decision-making in cases of uncertainty about statin treatment.(31) Although
we have no information regarding the regulation of atheroma calcification in individuals
with CHIP mutations, implementing the use of CAC score in cases of doubt or discussion
regarding statin therapy seems reasonable. The evidence base supporting the use of CTA has
grown, and evidence that its judicious use can improve outcomes has begun to emerge (32).
Nonetheless, current data do not warrant routine imaging to assess cardiovascular risk in
people with CHIP in usual practice.

Yet, in CHIP, we have virtually no understanding of the prevalence of atherosclerosis in
various arterial beds compared with individuals matched for age and traditional
cardiovascular risk factors. Nor do we have data on the tempo of increase of atherosclerosis
burden. To address these knowledge gaps research centers could employ a tiered imaging
strategy for CHIP carriers and collate the data systematically to learn more of the natural
history of cardiovascular disease from an investigative perspective. Such research protocols
might include CAC to assess the presence and overall burden of calcified coronary plaque
(Figure 2). Indeed, CHIP associates with increased CAC (12).

Further cardiovascular testing merit consideration in designing research protocols for
learning more about the cardiovascular complications associated with CHIP. Such studies
include baseline echocardiogram with strain imaging to provide an estimate of ventricular
function using a widely available modality, a variable of particular relevance given the
emerging relationship between CHIP and heart failure prognosis. A baseline
electrocardiographically-monitored exercise stress test can detect silent ischemia, and offer
an objective assessment of exercise capacity as well as effort-induced blood pressure
response. In research centers, additional imaging with coronary CTA could permit
assessment of total plaque volume, both calcified and non-calcified, the severity of any
stenoses, and other non-coronary measures such as peri-coronary fat volume and peri-
coronary fat attenuation, which may offer a quantitative measure of coronary arterial
inflammation. For individuals with known atherosclerosis, myocardial perfusion imaging
using PET or CTA can assess the presence and severity of ischemia, as well as calculate
myocardial blood flow reserve. Impaired myocardial blood flow reserve can reveal diffuse
atherosclerosis and microvascular dysfunction.

Other molecular-imaging techniques such as fluorodeoxyglucose (FAdG) uptake or sodium
fluoride uptake remain unvalidated with respect to assessing risk or guiding therapy even in
patients without CHIP. Nevertheless, their exploratory use may help expand our
understanding of CHIP, and thus merit consideration a research environment.

The urgent need for more research

As described above, identification of individuals with CHIP will outstrip our evidence base
for managing these individuals. Research centers can meet this challenge by following
patients with CHIP, building cohorts, and devising strategies to provide an evidence base for
the management of cardiovascular risk in individuals with CHIP (Table 4). Such data will be
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required before duly constituted organizations will be able to formulate formal guidelines for
the managing cardiovascular risk in CHIP carriers.

We are establishing a multi-center registry of individuals with CHIP that will follow a
common collection of genetic and clinical information and imaging studies (Table 4). We
advocate the acquisition of specimens for storage for future genetic and biomarker analyses,
with appropriate informed consent and ability to re-contact individuals. We plan long-term
follow-up of individuals in the registry. As we document the natural history of CHIP
mutations and acquire non-randomized data regarding the influence of different variants on
evolution of cardiovascular biomarkers and events, the registry could provide a foundation
for recruiting individuals who might participate in randomized evaluations of different
therapies. The presence of particular CHIP mutations might predicate the interventions to be
studied.

From the perspective of laboratory investigation, the recognition of the relationship of CHIP
to cardiovascular disease opens up a new vista of mechanistic studies. The role of the
functions of distinct leukocyte subclasses in atherosclerosis and the ischemically-injured
myocardium has burgeoned recently.(33-36) CHIP brings a new dimension to this rapidly
growing field, as it identifies the associated somatic mutations beyond heterogeneity defined
by cell surface markers as new area to mine mechanistically in the context of cardiovascular
disease.

Broadening the Perspective of Cardio-Oncology

The nascent field of cardio-oncology has evolved from the growing recognition of
cardiovascular disease in cancer patients and cancer survivors. Both traditional and novel
cancer therapies associate with diverse cardiovascular complications during therapy.(37)
Cardiovascular disease also represents a major health consideration in the growing number
of cancer survivors, numbering nearly 17,000,000 in the United States in 2019. This
coalescence calls for cooperation among cardiovascular specialists and oncologists and
hematologists to assess and mitigate these risks. ldentifying those cancer survivors at
elevated risk of cardiovascular disease presents a major challenge. CHIP offers an
opportunity to implement personalized medicine in this population based on genotype. CHIP
may also add to the growing appreciation of common risk factors that predispose to both
cardiovascular diseases and cancer.(38) Reciprocally, conventional cardiovascular risk
factors—classically smoking but also obesity, dyslipidemia, and diabetes—may enhance the
risk of cancer. In contrast to inherited Mendelian germline mutations, these acquired somatic
mutations present a new challenge, but also an opportunity for ongoing collaborations within
the community. The recognition of CHIP strengthens the link between oncology and
cardiovascular disease, and enlarges the purview of cardio-oncology to embrace prospective
management of cardiovascular risk by close collaboration between hematologists,
oncologists, and cardiovascular specialists.(38)
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Bullet Points

. Aging humans commonly develop leukocyte clones in blood due to somatic
mutations in stem cells.

. Clonal hematopoiesis constitutes an independent cardiovascula risk factor.

. People with clonal hematopoiesis will increasingly present to cardiovascular
specialists for management.

. We review clonal hematopoiesis and present an approach for dealing with this
condition in practice.

. Research is needed to obtain evidence to guide management of this newly
recognized entity.
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Pathways to the Diagnosis of CHIP

Finding on elective whole genome sequencing

Finding on genome sequencing for cardiovascular risk (e.g.
patient with atherosclerosis in the absence of traditional risk
factors)

Finding on genome sequencing in bone marrow donor

—

Finding on genome sequencing in patients with abnormalities on
CBC or BM but does not meet diagnostic criteria for a
hematologic disorder

Finding on sequencing of solid tumors *

Finding on sequencing of blood in relapse of hematologic
malignancy

Clonal

> 2% variant allele
fraction of a

- known leukemia
driver gene
mutation (e.g.
DNMT3aq, TET2,
ASXL1, JAK2,
PPMI1D, etc.)

* CHIP is generally identified from a normal peripheral blood match specimen which is evaluatec in tandem
with tumor specimen.

Figure 1: Pathways to the Diagnosis of CHIP.

Page 15

The detection of CHIP can arise through several portals: ranging from an incidental finding
in apparently well individuals, to patients with known malignancy. This diversity of
presentations highlights the need for multidisciplinary approaches to the counseling and
management of individuals found to bear CHIP mutations by physicians of different

specialties.
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Proposed Clinical Algorithm for Primary Prevention of Cardiovascular Disease in Patients with Clonal Hematopoiesis

History and Physical Exam

Traditional cardiovascular risk factors:
smoking, hypertension,
hypercholesterolemia, obesity, diabetes
Family history : cardiovascular disease,
malignancy

Physical Exam : blood pressure, heart rate,
BMI. Comprehensive cardiovascular exam

Testing:

CBC with differential

Extended metabolic panel

Liver enzyme and function test

HbAlC

Lipid profile, Lp(a) and in select patients ApoE
High-sensitivity C-reactive protein

Resting 12-lead electrocardiogram

CHIP with incidental screening | CHIP with malignancy history

'

Imaging: In patient with confirmed or No furth .
Coronary artery calcium (CAC) score suspected malignancy determine o further work-up
Based on clinical history and testing prognosis Poor prognosis

Other imaging modalities can include: Favorable

2-D echocardiography prognosis

Exercise treadmill testing (preferred Bruce

Giiezl) @——————————————— (Assess Cardiotoxic Exposures in Cancer

|

Patients and Survivors:
Examples include: Anthracyclines, anti-HER2

For research :
Myocardial strain imaging

Coronary CTA

Sodium fluoride (NaF) or
Fluorodeoxyglucose (FdG) PET
Coronary/myocardial flow reserve by
PET/CTA

therapy, androgen deprivation therapy, 5-
fluorouracil, tyrosine kinase inhibitors,

Radiation to chest, head/neck

Follow-up Monitoring:
Every 6 -12 months follow-up with interim
history, physical exam, lipid profile, hsCRP,
fasting glucose/HbA1C

Follow ACC/AHA guidelines to determine
interventions and LDL goal, consider CHIP as
arisk-enhancing factor
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Figure 2: Proposed Clinical Algorithm for Primary Prevention of Cardiovascular Disease in

Patients with Clonal Hematopoiesis.

We propose the following pathway for management of individuals with CHIP. We lack an
evidence base for such recommendations, as recognition of the relationship between CHIP
and cardiovascular disease has only recently become apparent. Yet, clinicians must be able

to offer assistance and counseling to CHIP carriers while building a body of evidence.
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Bone Marrow
Hematopoietic
Stem Cell

Mutagenic Event *

-
o guge o
o gl o

'“ i ’- Clonal Expansion

‘ Blood
. ‘ ‘ Somatically

S 7.0 Mutated Cells in
‘ et oe e - oo Peripheral Blood

/4
Accelerated : 5 : . .
Athierasclerosic Thrombosis Heart Failure Hematologic Malignancies
40% Increase in Risk of Cardiovascular Disease Less Than 1% Per Year

Central Illustration: Clonal hematopoiesis: a potent newly recognized risk factor for
atherothrombosis and adverse heart failure outcomes.

A mutation in a hematopoietic stem cell in the bone marrow confers a proliferative
advantage that yields a clone of mutant leukocytes (top panel) that appear in peripheral
blood (middle panel). The presence of these clones in blood associates with a heightened
risk of atherothrombotic events and with worsened outcomes in patients predisposed to
ischemic cardiomyopathy (lower panel, left). Individuals with CHIP transition to acute
leukemia only at an annual rate of 0.5-1% (lower panel, left) Thus, for an individual, CHIP
may entail a greater risk of cardiovascular events than for cancer.
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Definitions of some CHIP-related terms
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Table 1:

Name Abbreviation Definition

Variant allelefraction VAF The percentage of sequence reads of variant DNA at a locus divided by the overall
coverage at that locus.In cancer genetics studies, these sequence variants are tumor-
specific somatic mutations not found in germline DNA.

Clonal hematopoiesis CH Somatic (acquired) mutations in the bone marrow or peripheral blood that can lead to
clonal expansion

Idiopathic Cytopenias of ICUS Patients with one or more unexplained cytopenias, who do not meet the diagnostic

Undetermined Significance criteria for myelodysplastic syndrome or other hematologic disorders and do not have
known clonal hematopoiesis.

Clonal Hematopoiesis of CHIP See Table 3

Indeterminate Potential

Idiopathic Dysplasia of IDUS Patients with an unexplained morphological blood cell dysplasia, without cytopenia and

Undetermined Potential do not have clonal hematopoiesis determined either from unrevealing testing or no testing
was performed.

Clonal Cytopenia of CCuUs Patients with clonal hematopoiesis with somatic mutations associated with hematologic

Undetermined Significance neoplasia, at < 2% variant allele frequency, that also have one or more unexplained
cytopenias but do not meet the diagnostic criteria for MDS or another hematologic
disorder.
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Genes commonly mutated in CHIP
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Table 2:

Gene Name Description

TET2 Ten-eleven-translocation-2 A methylcytosine dioxygenase that catalyzes the conversion of 5-
methylcytosine to 5-hydroxymethylcytosine. An epigenetic regulator that can
activate or repress transcription.

DNMT3A | DNA methyltransferase 3A A de novo DNA methyltransferase.

ASXL1 Additional sex combs-like 1 Polycomb chromatin-binding protein that is involve in the transcriptional
regulation of Hox genes.

PPMD1 Protein phosphatase, magnesium/manganese- Protein phosphatase involved in dephosphorylating and inactivating proteins in

dependant 1D the DNA damage response pathway.

SF3B1 Splicing factor 3B, subunit 1 A component of the U2 small nuclear riboprotein that binds to the 3’ branch site
in pre-mRNA splicing and processing.

SRSF2 Serine/Arginine rich splicing factor 2 Required for 5’ and 3’ spliceosome assembly, splice-site selection, U1 and U2
snRNP interactions with pre-mRNA, and alternative splicing.

TP53 Transformation-related protein 53 Tumor suppressor transcription factor that responds to cellular stress and DNA
damage.

JAK2 Janus kinase 2 Receptor tyrosine kinase involved in hematopoietic cytokine signalling and

myelopoiesis.
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Table 3:

Current Diagnostic Criteria for Clonal Hematopoiesis of Indeterminate Potential (CHIP)
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— Absence of definitive morphological evidence of a hematological neoplasm

— Does not meet diagnostic criteria for paroxysmal nocturnal hemoglobinuria (PNH), Monoclonal gammopathy of unknown significance
(MGUS) or Monoclonal B-cell lymphocytosis (MBL)

— Presence of a somatic mutation associated with hematological neoplasia at a variant allele fraction of at least 2%

— Odds of progression to overt neoplasia are approximately 0.5-1% per year, similar to MGUS Adapted from Steensma et al. (2)
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Table 4:

Selected Research Questions Regarding CHIP-Associated Cardiovascular Complications

« Does cardiovascular risk and pathogenic mechanisms in CHIP vary with the gene mutated or the specific mutation?

« Can therapeutic interventions (e.g. lifestyle modification, medications) alter cardiovascular risk in CHIP, and do so in a mutation dependent
manner?

« Should the VAF of the mutant gene in CHIP be used in clinical decision making?

« To what degree does CHIP interact with other risk factors for cardiovascular disease, including genetic predisposition.
« What populations can benefit for screening for CHIP?

» At what intervals should individuals with CHIP have follow-up from a clinical effectiveness perspective?

« What pathways prove most clinically effective for CHIP carriers with a known/prior malignancy? Should these pathways differ from patients
without a cancer diagnosis?
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