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Recent genetic analyses of large popula-

tionshave revealed that somaticmutations

in hematopoietic cells leading to clonal ex-

pansion are commonly acquired during

human aging. Clonally restricted hemato-

poiesis isassociatedwithan increased risk

of subsequent diagnosis of myeloid or

lymphoid neoplasia and increased all-

cause mortality. Although myelodys-

plastic syndromes (MDS) are defined by

cytopenias, dysplasticmorphology of blood

andmarrowcells, andclonalhematopoiesis,

most individuals who acquire clonal hema-

topoiesis during aging will never develop

MDS. Therefore, acquisition of somatic mu-

tations that drive clonal expansion in the

absenceofcytopeniasanddysplastichema-

topoiesis can be considered clonal hema-

topoiesis of indeterminate potential (CHIP),

analogous to monoclonal gammopathy of

undetermined significance and monoclonal

B-cell lymphocytosis, which are precursor

states for hematologic neoplasms but

are usually benign and do not progress.

Becausemutationsare frequentlyobserved

in healthy older persons, detection of an

MDS-associatedsomaticmutationinacyto-

penic patient without other evidence of

MDS may cause diagnostic uncertainty.

Here we discuss the nature and prevalence

of CHIP, distinction of this state fromMDS,

and current areas of uncertainty regarding

diagnostic criteria for myeloid malignan-

cies. (Blood. 2015;126(1):9-16)

Introduction

The advent of inexpensive high-throughput genome sequencing
platforms has facilitated discovery of genetic lesions that drive the
pathogenesis of many human disorders, including myelodysplastic
syndromes (MDS).1,2 Once viewed as a biologically obscure group
of preleukemic disorders, defined primarily by peripheral blood
cytopenias and dysplastic cellular morphology, commonly (but not
invariably) associated with clonal karyotypic abnormalities, MDS has
now been associated with recurrent somatic point mutations in .40
different genes.3 Biological organization of the proteins encoded by
these genes into cellular pathways for pre-mRNA splicing, epigenetic
regulation, and chromatin conformation has provided additional
insight into disease mechanisms and opened promising new lines
of investigation into MDS pathogenesis and treatment strategies.

At the same time, recent large-scale sequencing studies have also
revealed that acquisition of clonally restricted somatic mutations
in MDS-associated genes in hematopoietic cells is not limited
to individuals with MDS or related myeloid neoplasms.4,5 These
mutations can be detected in people with normal blood counts and
without any apparent disease, and their presence confers an
increased risk of subsequent hematological malignancy diagnosis,
as well as higher all-cause mortality.5-8 Conversely, some patients
have persistent blood cytopenias for which no explanation is
apparent, so-called idiopathic cytopenias of undetermined signif-
icance (ICUS), yet have unremarkable marrow morphology and
lack a known MDS-associated somatic mutation or karyotypic
abnormality.9,10 Patients with ICUS have no definitive evidence of
a specific disorder and can only be monitored expectantly; some

individuals with ICUS will subsequently be diagnosed with MDS
or acute myeloid leukemia (AML).11

The rapidly emerging developments in MDSmolecular biology
warrant reconsideration of the definition of MDS, including re-
assessment of minimal diagnostic criteria. We propose the term
clonal hematopoiesis of indeterminate potential (CHIP) to describe
individuals with a hematologic malignancy-associated somatic
mutation in blood or marrow, but without other diagnostic criteria
for a hematologic malignancy. The rate of progression of CHIP to
a hematologic malignancy appears to be similar to the rate of
progression of other known clonal pre-malignant disorders, such as
the transition of monoclonal gammopathy of undetermined sig-
nificance (MGUS) to multiple myeloma. Insights into the genetic
basis of these disorders, and the ongoing introduction of sequenc-
ing studies into routine clinical practice, will continue to refine dis-
tinctions between CHIP, ICUS, and MDS.

Somatic mutations in MDS

Before 2005, the only acquired point mutations recurrently associated
withMDSwereTP53,NRAS,KRAS,RUNX1, andATRX; each of these
lesions is present in,10% of cases.12 A few other mutations such as
FLT3,KIT, orNPM1were known to be acquired occasionally asMDS
progresses to AML. In the last decade, recurrent mutations in dozens
of genes, encoding proteins of diverse function, have been linked to
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MDS, and $1 mutation is detectable in almost all cases.13 Unlike
myeloproliferative neoplasms, in which a mutation in 1 of just 3 genes
(JAK2, CALR, and MPL) that constitutively activate hematopoietic
growth factor receptor signaling is present in.85% of cases, no single
mutation class is dominant in MDS. Mutations in SF3B1 and TET2,
each mutated in 20% to 25% of patients with MDS, are the most
commonly described abnormalities to date.14

Detection of an MDS-associated mutation can provide additional
diagnostic support in cases for which the clinical presentation and
morphology are ambiguous. InMDS cases with established diagnoses,
certain specific mutations and the overall mutation burden predict risk
of leukemic progression and death, independent of clinicopathological
risk stratification tools such as the International Prognostic Scoring
System.15-18 Furthermore, the presence of specificmutations (eg,TET2
and perhaps DNMT3A) predicts a higher likelihood of response to
hypomethylating agent therapy, whereas other mutations (eg, TP53)
predict higher relapse riskand inferior survival after allogeneic stemcell
transplantation.19-21 Some acquired mutations in MDS are associated
with specific clinicopathological presentations, such as the strong
association of SF3B1with ring sideroblasts,22ATRXwith acquireda
thalassemia,23 RUNX1 with thrombocytopenia,16 and TP53 with a
complex karyotype, therapy-related disease, and dysgranulopoiesis.24

MDS/myeloproliferative neoplasm overlap diseases also have unique
genetic signatures compared with pure MDS without proliferative
features, including enrichment for mutations in SRSF2, CBL, and
ASXL1 in chronic myelomonocytic leukemia,25 the association of
SETBP1with atypical chronic myeloid leukemia,26,27 and coexistence
of JAK2 (or, less commonly, MPL or CALR) with SF3B1 or other
splicing mutations in refractory anemia with ring sideroblasts and
marked thrombocytosis (RARS-T).28,29

Somatic mutations and their consequences in
populations of apparently healthy persons

Hematopoietic progenitor and stemcells, like stemcells in other tissues,
accumulate somatic mutations throughout life, most of which are non-
pathogenic passengers without functional consequence or potential
to contribute to clonal expansion.30,31 On average, 1.3 6 0.2 somatic
exonicmutations are acquiredper hematopoietic stemcell per decade.31

Analysis of inactivation patterns of polymorphic X-linked genes
such as glucose-6-phosphate dehydrogenase (G6PD) or the androgen
receptor (AR/HUMARA) provided early evidence of the clonal nature
of myeloid neoplasms.32,33 It has long been recognized via similar
techniques that age-related clonal skewingof hematopoietic cells is also
a relatively commonfindingafter the ageof55 to65years, andalthough
this phenomenon can in rare cases result in late presentation of an
X-linked disorder in a female (eg, initial presentation of X-linked
congenital sideroblastic anemia caused by germ-line ALAS2 mutation
in an octagenarian34), age-related clonal skewing is infrequently as-
sociated with disease.35-38

As sensitive assays including polymerase chain reaction and
fluorescent in situ hybridization became widely available in the
1990s, hematologic neoplasm-associated genetic abnormalities
were described in the blood of some healthy people, especially
older adults. Recurrent abnormalities observed in the absence of
disease include low-level oncogenic BCL2 translocations in patients
without evidence of lymphoma and low-allele-burden BCR-ABL
fusions that never evolve into chronic myeloid leukemia.39,40 When
these reports first appeared, it was unclear why such changes did not
inevitably lead to disease. Speculation focused onwhether mutation-

bearing cells were eliminated by an adaptive immune response,
mutations occurred in cells lacking self-renewal properties, or addi-
tional cooperating mutations were required to cause disease. The al-
lele fraction for these mutations was also low compared with more
recently described mutations that contribute to clonal expansion in
older individuals.

In 2012, 2 analyses of genome-wide association study (GWAS)
cohorts described copy number changes at chromosomal loci as-
sociated with hematological neoplasia, such as 20q, 5q, 11q, and
17p, in 2% of apparently healthy people .70 years of age.41,42 In
these studies, acquired clonal mosaicism predicted an increased
risk of subsequent diagnosis of a neoplasm, indicating that such
changes can represent disease-initiating events in some cases.42Ad-
ditionally, TET2 mutations were described in some older women
with age-related hematopoietic clonal skewing but normal blood
counts, andDNMT3A pointmutations identical to those observed in
MDSwere reported in nonneoplastic blood cells from other patient
cohorts.4,5

In the last few months, 3 studies have further expanded our un-
derstanding of the premalignant genetic changes that may serve as
initiating events in hematologic neoplasms by promoting clonal
expansion (Figure 1), illuminating the frequency of variant alleles
in older people and clinical associations with those alleles.6-8

The Washington University genomics group analyzed The Cancer
Genome Atlas blood sequencing data from 2728 patients with
nonhematologic malignancies and identified blood-specific clonal
mutations in .2% of all samples and in 5% to 6% of people
.70 years of age.6 Similarly, exome sequencing study of 12 380
Swedish patients without hematologicmalignancy andwithmed-
ical follow-up ranging from 2 to 7 years demonstrated clonal
hematopoiesis in 10% of individuals .65 years of age.8 In the
third analysis, investigators pooled whole exome sequencing data-
sets derived from 17 182 people in 22 GWAS cohorts focused on
risk factors for diabetes mellitus; detectable somatic mutations were
rare in study subjects,40 years of age but were present in 9.6% of
2299 people aged 70 to 79, 11.7% of 317 people aged 80 to 89, and
18.4% of 103 people aged $90 years.7 These overall mutation
rates, as well as increased mutation frequency with aging, parallel
epidemiologic patterns observed with other clonal states known to
be precursors to hematological neoplasms, such as MGUS (a pre-
cursor state formultiplemyeloma, light-chain amyloidosis, and some
lymphoid neoplasms) and monoclonal B-cell lymphocytosis (MBL,
a precursor for chronic lymphocytic leukemia and other B-cell
lymphomas).43-45

More than 80% of the observed mutations in the The Cancer
Genome Atlas dataset were in 19 genes previously associated with
leukemia or lymphoma, including ASXL1, TP53, BCORL1, GNAS,
and SF3B1, as well as the previously noted DNMT3A, TET2, and
JAK2. In the Swedish cohort, the most common genes identified as
mutated were the hematologic malignancy-associated DNMT3A,
ASXL1, and TET2, as well as PPM1D, which encodes a phospha-
tase sometimes found to be mutated in blood cells in patients with
brainstem gliomas, breast cancer, and other nonhematopoietic neo-
plasms.7 Individuals with clonal mutations had an increased risk of
a subsequent hematological malignancy diagnosis (hazard ratio
[HR], 12) and death (HR, 1.4) compared with age-matched persons
without mutations. Variants inDNMT3A, TET2, and ASXL1were also
themost commonly identified sequence abnormalities in the diabetes
mellitus GWAS study, and the presence of clonal mutations was as-
sociated with increased risk of subsequent hematologic malignancy
diagnosis (HR, 11 during amedian follow-up of 95months) and all-
causemortality (HR, 1.4), as well as development of coronary heart
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disease (HR, 2.0) and ischemic stroke (HR, 2.6). Increased mortal-
ity was synergistic with elevated red cell distribution width, which
might be a marker of disordered erythropoiesis because of the ex-
panded clone.

Current understanding of the multistep pathogenesis of cancer
suggests that individuals with clonal mutations may already be

partway along the path to evolution of frank malignancy. However,

although a higher rate of subsequent cancer diagnosis in patientswith

Figure 1. CHIP as a precursor state for hematological neoplasms. (A) A model for evolution from normal hematopoiesis to CHIP and then, in some cases, to MDS or AML.

(B) Comparison of evolution patterns of MGUS, MBL, and CHIP. Hematopoietic progenitor or stem cells commonly acquire mutations throughout the human lifespan; most of

these are passenger mutations that have no consequence for hematopoiesis. Certain mutations, however, confer a survival advantage to the mutated cell and its progeny and

allow clonal expansion. Serial acquisition of mutations in an expanded clone can lead to a disease phenotype and ultimately morbidity and mortality. Although this article primarily

discusses CHIP in the context of its distinction from MDS, CHIP can also directly progress to AML without an intervening MDS stage, and CHIP can progress to other conditions

such as myeloproliferative neoplasms or lymphoid neoplasms. Just as with MGUS and MBL, the majority of patients with CHIP will never develop an overt neoplasm, and

patients will eventually die of unrelated causes.
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mutations is not surprising,mutations by themselves do not currently
define a diagnosis of MDS/AML.

Current minimal diagnostic criteria for MDS
and limitations

Minimal diagnostic criteria forMDS published by theWorld Health
Organization (WHO; 2008 classification, currently undergoing a
revision to be released in 2016) require the presence of blood
cytopenias and exclusion of reactive or other nonhematopoietic
causes of those cytopenias.46 In addition, $1 of the following di-
agnostic features must be present to diagnose MDS: excess blasts
($5%) with a myeloid phenotype (but ,20% blasts, which would
qualify as AML); .10% dysplastic cells in at $1 of the 3 myeloid
lineages (erythroid, granulocytic, megakaryocytic) or $15% ring
sideroblasts as a proportion of erythroid precursors; or evidence of
clonality as manifested by an abnormal MDS-associated karyo-
type.46 If the latter group of cytogenetically abnormal cases does
not meet blast or dysplasia criteria for MDS diagnosis, they are
diagnosed as “MDS, unclassifiable” and have a natural history similar
to MDS.47 Overreporting of unclassifiable MDS in population-based
registries such as the US Surveillance, Epidemiology and End
Results program illustrates the challenges in diagnosing and clas-
sifying MDS.48

Although karyotyping is an important part of the evaluation of
a patient with suspectedMDS, the authors of theWHO classification
recognized that not all clonal markers detectable by conventional
cytogenetic assays have equivalent diagnostic importance. Three
karyotypes that can be seen in other non-MDS situations are specif-
ically excluded asMDS-qualifying anomalies by theWHO: isolated
loss of the Y chromosome, which is present in 5% to 10% of healthy
older men49; trisomy 8, which is frequently associated with aplastic
anemia and predicts a higher likelihood of response to immuno-
suppressive therapy50; and del(20q), which has been recurrently
identified in some patients with cytopenias but without clear evi-
dence of MDS.51-53 Others have proposed that additional karyo-
typic abnormalities, such as isolated trisomy 15, also lack diagnostic
significance.54

Because patients presenting with idiopathic cytopenias may have
nondiagnosticmarrowmorphology and a normal karyotype, additional
diagnostic information from mutational analysis could be clinically
useful. Many academic hematopathology groups and commercial pa-
thology laboratories have recently incorporated mutation assay plat-
forms into diagnostic testing algorithms for patients with suspected
hematologicmalignancies, so somaticmutation data are increasingly
provided to clinicians, sometimes accompanied by interpretation of
findings. Unlike current morphologic and cytogenetic diagnosis of
MDS, which requires marrow aspiration, MDS-associated mutations
can usually be detected in a blood sample; therefore, it is tempting to
consider detection of an MDS-associated somatic mutation by itself as
sufficient to diagnose MDS.

However, the presence of MDS-associated mutations in older
individuals without evidence of disease suggests caution is indicated
in rendering a diagnosis of MDS or another myeloid neoplasm
primarily on the basis of a somatic mutation, especially when only
a single mutation is present and if it is one of those commonly seen in
healthy people, such as DNMT3A, TET2, or ASXL1. Although the
likelihood that such an identified mutation is clinically relevant is
higher in patients who are undergoing evaluation for cytopenia than
in the general population, it is still possible that such a patient might

be among the;10% of older adults who have clonal mutations and
that the cytopenias could be from a nonclonal cause.

An ad hoc working group proposal for MDS minimal diagnostic
criteria largely followedWHO lines, but also included co-criteria for
diagnosis that might be useful in difficult cases, such as decreased
circulating colony-forming cells, abnormal flow cytometric immu-
nophenotype, aberrant gene expression pattern, or the presence of
an MDS-associated somatic mutation.10,55 Questions can be raised
about the diagnostic specificity and sensitivity of all these criteria, as
well as the WHO morphologic criteria for MDS, which originate
from the French-American-British Cooperative Group Classifica-
tion56 and are based on convention rather than biology. For instance,
the 15% threshold for ring sideroblasts used by the French-American-
British Cooperative Group and subsequently by the WHO arose
from a small study performed in the early 1980s where there ap-
peared to be a break in the distribution of ring sideroblast proportion
between 10% and 20%.57,58 Now it is known that the presence of
an SF3B1 mutation is almost invariably associated with some ring
sideroblasts, but these often represent,15%of erythroid precursors;
this observation may warrant revision of the definition of RARS.59

Cogent arguments also exist that any blast excess defines a disease
akin to AML and that the current 20% blast threshold is either too
high, or, alternatively, that the threshold is too low, because AML
with $30% blasts is more aggressive than AML with 20% to 29%
blasts.60,61 Finally, the WHO 10% dysplasia threshold is equally
arbitrary, especially given interobserver differences in dysplasia
assessment62,63; thresholdsother than10%for certain typesofdysplasia
may improve ability of morphologic criteria to distinguish MDS from
non-MDS conditions.64

Historically,MDSdiagnosis has relied heavily on detection ofmor-
phologic dysplasia. However, this reliance is problematic. Not all that
is dysplastic is MDS.65 A broad range of pathologies can cause cell
morphology changes that may be mistaken for MDS, including viral
infections (eg, HIV infection), alcohol abuse, exposure to cytotoxic
agents (eg, azathioprine, methotrexate), or nutritional deficiencies
(eg, copper, folate, cobalamin). Diagnosticians reviewing a marrow
sample for dysplasia may erroneously diagnose MDS in a patient
with a cytopenia caused by a non-MDS condition. Conversely, even
when significant dysplasia is present, an incomplete historymay pre-
vent a pathologist from confidently diagnosing MDS, because of
concern that a non-MDS condition that has not been disclosed to the
pathologist might be causing dysplasia mimicking MDS.

In addition to the above known causes of dysplasia, a proportion of
persons, especially those.50 years of age, have dysplastic changes on
marrow aspiration in the absence of cytopenias or a known cause for
dysplasia.66 The term idiopathic dysplasia of undetermined significance
(IDUS) has been proposed to describe these changes.67 It is not known
whether IDUS is associatedwith a higher incidence of subsequentMDS
diagnosis or the frequency with which IDUS has a nonhematopoietic
cause. In contrast, patientswith cytopenias andMDS-associated somatic
mutations but normal morphology can have clinical behavior and out-
come similar to MDS, analogous to cytopenic patients with chro-
mosomal abnormalities but without dysplasia, who have a risk of
AML progression and death from cytopenias.11,51 Although light
microscopy offers advantages of low cost and widespread avail-
ability, the fact that genetic abnormalities in the absence of abnor-
mal cell morphology predict clinical evolution similar to MDS
argues that mutations should be considered together with micros-
copy in supporting MDS diagnosis.
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Proposed criteria for CHIP

Wepropose that CHIPbe used to describe patientswhohave detectable
somatic clonal mutations in genes recurrently mutated in hematologic
malignancies (Figure 2A) but who lack a known hematologic malig-
nancy or other clonal disorder. Under this definition, CHIP would
encompass cytopenic patients with concurrent cancer-associated
mutations who do not meet diagnostic criteria for MDS, as well as
those with normal peripheral blood counts. CHIP would not include
clearly described clonal conditions such as paroxysmal nocturnal
hemoglobinuria,MBL, orMGUS.We also propose that as aworking
definition, the mutant allele fraction must be$2% in the peripheral

blood, because with deep enough sequencing, a mutation can be
found in every individual, and current outcomes data are based on
a minimum variant allele fraction of.2% in peripheral blood.7,68 It
is currently unknown if variants present below this threshold also
carry increased risk of adverse outcomes, and this threshold may need
to be revised. A copy number variant resulting from a chromosomal
rearrangement involving a chromosomal region where hematologic
neoplasia-associated genes are encoded is also consistent with CHIP.

CHIP is distinct fromMDSbecauseCHIP is associatedwith amuch
longer survival, normal blood counts in most cases, and low rate of
progression to AML. Individuals with CHIP have an increased risk of
disease progression to hematologic neoplasia compared with individ-
uals without detectable mutations, and this risk appears to be propor-
tional to the size of the somatic clone; however, the rate of progression
appears to be only 0.5% to 1% per year, similar to MBL and MGUS.
Although the annual rate of progression of CHIP,MBL, andMGUS to
overt neoplasia is comparable, MBL andMGUS represent expansions
of lineage-committed cells,whereasCHIP involveshematopoietic stem
cells or less mature progenitor cells, and thus CHIP is a precursor state
for a broader range of hematologic neoplasms (Figure 1B).

Although a growing body of evidence confirms that individuals
with a first “hit” leading to CHIP are at increased risk of developing
overt malignancy and that CHIP is also associated with increased
mortality from nonneoplastic causes, the optimal clinical management
of these individuals is uncertain. In the absence of any available inter-
vention to prevent progression, surveillance similar towhat is currently
recommended for MGUS could be considered.4,8,69 In the near term,
most individuals who will be screened for somatic mutations will be
those with hematologic abnormalities that do not meet criteria for
current diagnostic entities. Future studies will be needed to delineate
whether certain subgroupswithCHIP have a higher risk of progression
to malignancy or other adverse outcomes. Such subgroups could
include those with an unexplained cytopenia (see below), lymphocy-
tosis, leukocytosis, persistent eosinophilia, or persistent monocytosis
that do not meet criteria for recognized entities. The specific genetic
mutations, number of mutations, and mutant allele fraction may also
influence the risk of progression and could further refine diagnostic
criteria. It is likely that a substantial number of people without he-
matologic abnormalities who have genetic sequencing performed for
personal, research, or medical reasons (eg, on a blood-contaminated
solid tumor biopsy) will incidentally be found to have CHIP. In certain
settings, such as following cytotoxic therapy for a nonhematologic
disorder, CHIP may have more ominous implications.70

Proposed diagnostic criteria for MDS

To diagnose MDS, it is important to rule out other disorders that can
mimic MDS. Testing algorithms such as those advocated by the
National Comprehensive Cancer Network and the European Leuke-
miaNet are helpful for this purpose.71,72 Given the large percentage of
individuals with CHIP, a somaticmutation is not sufficient to diagnose
MDS, even in the context of prior therapy for another malignancy with
radiation or cytotoxic drugs or a history of another marrow failure
disorder such as aplastic anemia.73 Like dysplasia or MDS-associated
cytogenetic abnormalities, somaticmutationsmust have a known asso-
ciation with MDS and be accompanied by clinically meaningful cyto-
penias to consider an MDS diagnosis.

Patients with cytopenias who lack MDS-defining features but in
whom no other cause for cytopenias is evident are said to have ICUS.
The ICUS label includes a highly heterogeneous population, and ICUS

Figure 2. Definition of CHIP and its distinction from MDS and non-clonal cyto-

penic states. (A) A proposed definition of CHIP. A mutation that is commonly associated

with clonal expansion of hematopoietic cells in older persons should be present, whereas

criteria for other diagnoses should not be met. Evidence of mildly disordered erythro-

poiesis such as an elevated red cell distribution width or mean corpuscular volume can

be compatible with CHIP rather than MDS, and occasional dysplastic cells might be

seen, as is common in the general population with careful scrutiny of blood and marrow.

CHIP is associated with an increased risk of all-causemortality and subsequent diagnosis

of hematological malignancy. The 19 genes most commonly mutated in healthy older

adults in sequencing studies to date are listed. The roster of CHIP-associated mutations

will likely change in the future, with some genes being removed and others being added.

As a working definition, we propose a variant allele frequency of 2% in order to be

considered CHIP (since extremely deep sequencing will detect mutations in almost every

person), but this may need to be revised with further population analyses. PNH, par-

oxysmal nocturnal hemoglobinuria. (B) The spectrum of clonal hematopoiesis, ICUS,

and MDS. ICUS is a broad category that includes a heterogeneous group of individuals,

some of whom have benign (nonclonal) hematopoiesis. Other patients with ICUS may

have CHIP, differing only from lower risk MDS by their lack of dysplasia and, currently, an

undetermined disease risk. CHIP can also include patients with clonal hematopoiesis

and nonmalignant causes of cytopenias (eg, immune cytopenias, liver disease, or nutri-

tional deficiencies) that would not be considered to have ICUS because of the presence

of a clone, but may have a distinct natural history. Obs, observation; BM, bone marrow;

CCUS, clonal cytopenias of undetermined significance; HMA, hypomethylating agent

(eg, azacitidine); GF, hematopoietic growth factor (eg, epoetin); IMiD, immunomodula-

tory drug (eg, lenalidomide); IST, immunosuppressive therapy; BSC, best supportive

care; HSCT, hematopoietic stem cell transplant.
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may resolve spontaneously or may ultimately be determined to be
caused by nonmyeloid neoplasia or a nonneoplastic condition. Good
natural history studies of ICUS are lacking.9,11,74 In the largest study to
date, ICUS evolved toMDS in a minority of cases; further conclusions
were limited by a lack of long-term follow-up.11

A critical question is whether patients with cytopenias and MDS-
associated somatic mutations, but lacking MDS-defining dysplasia,
blast increase, or karyotype criteria, should be diagnosed withMDS. If
such patients were to be included in the MDS category, this would
represent amajor redefinition ofMDS thatwould increase its incidence.
Adding additional complexity, some of the mutations that drive MDS
and other myeloid malignancies do not, by themselves, cause cellular
dysplasia.

Emerging data indicate that clonal cytopenias without morphologic
or cytogenetic evidence of MDS are at least as common as bona fide
MDS.75 For example, in 1 prospective study that examined patients
with unexplained cytopenias for mutations in 21 genes, patients with
cytopenias were stratified into 3 groups based on hematopathology
evaluation: definiteMDS, some evidence ofMDSbut not fullymeeting
WHO diagnostic criteria, and cytopenias with no evidence of MDS.
Although.80%of the definiteMDSpatients and50%of the equivocal
cases had typical mutations, so did 22% of the patients lacking any
evidence for MDS: a frequency higher than the background rate of
CHIP in an age-matched population.75 Genes mutated in the group of
cytopenic patients with no evidence of dysplasia included several that
havebeen associatedwith apoor prognosis inMDS (eg,TP53,RUNX1,
and ASXL1). In a retrospective study, mutations were detected in 33%
of 250 ICUS cases compared with 83% in a lower-risk MDS control
group.76 These data suggest that the incidence of MDS would at least
double if patients with unexplained cytopenias and typical somatic
mutations, but without MDS-defining morphologic dysplasia, were
considered to have MDS. Further study is required to confirm the
apparent similarity in disease biology of such cases to bona fide MDS,
which would validate their inclusion in MDS despite lack of the dys-
plasia implied by the disease name.

Because .85% of patients with MDS have somatic mutations
detectable in 1 or more of a few dozen recurrently mutated genes,3

mutation analysis has a high negative predictive value. Although the
presence of a mutation alone may not mean a patient has MDS, the
absence of a mutation is a good predictor of not having MDS, and
this may represent a useful role for clinical mutation testing in
ambiguous cytopenia cases. Although a few individuals may have
pathologically consequentialmutations that havenot yet been identified
or that are not part of widely used testing panels and others might have
only copy number abnormalities,77 the majority of MDS patients will
have one of the common mutations, and thus an absence of mutations
should prompt a more vigorous search for non-MDS causes of
cytopenias. Redefinition proposals need to be validated prospectively
and fit with current biological understanding and clinical experience.
We recognize that testing for somatic mutations is not yet universal
(especially in resource-poor settings), but such testing is increasingly
available in routine clinical practice and should ultimately reduce the
number of diagnostically ambiguous cases.

Is CHIP or MDS cancer?

For many years there has been ambiguity about whether MDS can be
described as cancer.78,79 This semantic distinction influences patient
self-perception and has practical consequences for regulatory jurisdiction,

health care resource allocation, cancer-specific indemnity policy
payouts, and research funding eligibility.

MDS is a clonal disorder, but clonality is not the sole defining
characteristic of neoplasia. The concept of cancer is somewhat ill
defined and includes a variety of factors in addition to a specific
biology, such as a natural history component and compromise of
normal tissue function.80,81 AlthoughMDS is classified as cancer by
the WHO and is treated by oncologists in many settings, and MDS
shares some biological features with leukemia or other overt neo-
plasms, there are other features ofMDS that are not typical of cancer,
such as response to immunosuppressive therapy in some cases and
stability formore than a decade in others.82Given the similar survival
of the 4 International Prognostic Scoring System risk groups ofMDS
to the 4 stages of non–small-cell lung cancer, the operating classi-
fication of MDS as cancer seems appropriate from a natural history
standpoint. If cancer were to be defined primarily by burden of
disease, as has historically been used to distinguish MGUS from
multiple myeloma and MBL from CLL, then CHIP, like MDS,
would be considered cancer, because in CHIP a large fraction of
hematopoietic cells are clonal. The recent redefinition of smoldering
myeloma based on distinct outcomes illustrates the potential for
future reassessment of the nature of CHIP and MDS as additional
data become available.83

Conclusion

Improved understanding of hematopoiesis in aging persons re-
quires revisiting the boundary between health and disease and
re-examination of what specific alterations are necessary to label a
patient as having MDS. Clonal hematopoiesis in the absence of
cytopenias is of indeterminate potential, but conveys health risks,
and is likely to becomemore common as the global population ages.
In the future, detection of an initiating mutation might prompt in-
terventions to eliminate a developing dangerous clone and restore
normal hematopoiesis, opening up a new field of preventive hema-
tology applicable to CHIP, aswell asMGUS,MBL, and other clonal
preneoplastic conditions.
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