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Abstract

Diagnosing, surveilling, and understanding the biological consequences of clonal haematopoiesis 

poses a clinical challenge for both patients and clinicians. The relationship between peripheral 

blood cytopenias and myeloid neoplasms—such as myelodysplastic syndrome—is an area of 

active research, and understanding of clonal haematopoiesis has developed markedly on the basis 

of findings concerning somatic mutations in genes known to be associated with myelodysplastic 

syndrome. These findings have raised the conundrum of how to appropriately define and follow 

myelodysplastic syndrome precursor states, such as clonal haematopoiesis of indeterminate 

potential (CHIP) and clonal cytopenias of undetermined significance (CCUS). Identifying these 

conditions could allow earlier diagnosis of myelodysplastic syndrome, modify surveillance for 

myelodysplastic syndrome, and possibly guide therapies, but this information also comes at a cost 

to patients that might or might not be justified by our present understanding of clonal 

haematopoiesis. When faced with a diagnosis of clonal haematopoiesis, some patients and 

providers might be content to let the events unfold naturally, whereas others may insist on intense 

follow-up and early interventions. This Viewpoint assesses recent developments in clonal 

haematopoiesis and the related implications for affected patients and their providers.

Introduction

A patient who presents to the clinic for investigation of peripheral blood cytopenia brings 

dilemmas of diagnosis, monitoring, and therapy. Refractory cytopenia in the context of a 

normocellular or hypercellular bone marrow can often raise concern for myelodysplastic 

syndromes and related disorders.1,2 Myelodysplastic syndrome encompasses a 

heterogeneous collection of clonal haematopoietic malignancies affecting a predominantly 

older population. The disorder is characterised by poor overall survival due to ineffective 

haematopoiesis, progressive cytopenia, and transformation to acute myeloid leukemia.3 

Extremely rare in patients younger than 50 years, the prevalence of myelodysplastic 

syndrome increases with age. Between 30 000 and 40 000 cases are diagnosed per year,4 
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with a median age at diagnosis of about 70 years.5 The diagnosis of myelodysplastic 

syndrome has become more complex since myelodysplastic syndrome precursor states and 

other causes of unexplained cytopenias have been defined. The advent of next-generation 

sequencing technology has provided additional diagnostic information, which could allow 

important clinical insights, such as early identification of predisposition states to 

myelodysplastic syndrome and increased accuracy in diagnosis of myelodysplastic 

syndrome.6,7 However, this added ability to assess a patient for evidence of clonal 

haematopoiesis poses inherent challenges of how to allow these results to affect the patient’s 

health—both physical and emotional.

Patients with unexplained cytopenias are increasingly undergoing molecular testing by next-

generation sequencing of peripheral blood or bone marrow to diagnose possible 

myelodysplastic syndrome precursor states. These tests can detect mutations in individuals 

without morphological or cytogenetic evidence of myeloid neoplasm or myelodysplastic 

syndrome, and new entities have therefore been defined to categorise these patients 

appropriately. Some of these precursor states could evolve to frank malignancy, making it 

important to define a path that explains these conditions and allows proper understanding of 

and context for a patient’s health.5,8,9

Genesis and evolution of clonal haematopoiesis

Clinicians need to understand the biological explanation of positive next-generation 

sequencing results to guide their next steps, and patients also deserve and often require 

explanations to contextualise their new diagnosis. In truth, the acquisition of somatic 

mutations is an unavoidable consequence of cell division. Even though fewer than three 

somatic mutations occur per cell division, mutations can accumulate quickly in rapidly 

dividing haematopoietic progenitor pools.10–13 The human haematopoietic system is one of 

the most proliferative tissues in the human body. Haematopoietic stem cells have an 

enormous task of providing nearly 1012 cells every day,14 and thus the acquisition of somatic 

mutations with time is inevitable. The most rapidly dividing, mutation-prone haematopoietic 

progenitors lack the potential for self-renewal; therefore, any such mutation-carrying clone 

will usually disappear as a consequence of terminal differentiation and senescence. 

Occasionally, mutations can occur in self-renewing haematopoietic stem cells and be 

retained in the haematopoietic pool. As expected, these so-called single nucleotide variants 

accumulate with time and become relatively ubiquitous as people age beyond the fifth 

decade of life.15

Fortunately, because of their mostly random occurrence, most mutations affect non-coding 

regions and thus remain functionally silent (passenger mutations). However, somatic 

mutations occasionally fall within coding or regulatory regions of the genome and affect 

genes crucial to cell fate determination, proliferation, or self-renewal, resulting in selective 

growth advantage and clonal expansion (driver mutations). Uncontrolled proliferation and 

incomplete maturation frequently result in substantial expansion of the clones and attrition 

of the healthy haematopoietic counterparts, leading to a clinically apparent haematological 

malignancy, such as myelodysplastic syndrome. In the past decade, several groups8,9,16,17 

have reported that mostly minor clones (marked by acquired mutations in genes frequently 
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associated with haematological malignancies) are present in the blood of ageing individuals 

with no haematologic phenotype. The terms clonal haematopoiesis of indeterminate 

potential (CHIP) and age-related clonal haematopoiesis have been introduced to describe 

this intriguing and multifaceted condition.5,18

Assessment of clonality for CHIP

It is now widely accepted that cancers arise from a single progeny, as a result of uncontrolled 

growth of its daughter cells or clones. The clonal nature of cancer was first described in the 

1960s using X-chromosome inactivation studies.19,20 Most contemporary methods of 

clonality detection are based on genetic analysis and include gene rearrangements (T-cell 

and B-cell receptors), structural and numerical chromosomal changes, small copy number 

variants, and somatic point mutations. All these methods differ in terms of sensitivity and 

specificity, directly related to detection limits and number of markers used in each assay. In 

general, broad panels—such as whole genome or whole exome sequencing—provide a high 

sensitivity for the detection of clonal haematopoiesis given the extent of the genome tested.
21 Such broad approaches, although useful in research studies, are clinically impractical 

because of their cost, analytical challenges, and the difficulty of interpretation. By contrast, 

targeted panels, which are frequently limited to less than 100 cancer-relevant genes, are 

often more specific, affordable, and easier to interpret than their broader counterparts. Most 

clinically available panels for haematological malignancies also include genes frequently 

mutated in CHIP, such as DNMT3A, TET, ASXL1, TP53, JAK2, and around 25 other genes.
22

The recent interest in clonal haematopoiesis stems from the broad application of next-

generation sequencing in individuals without apparent haematological disease, and from the 

use of peripheral blood cells as a source of constitutional DNA. This approach resulted in 

incidental identification of somatic mutations in genes known to be frequently mutated in 

haematological malignancies. Thus, in most recent studies, clonal haematopoiesis in 

individuals with unremarkable haemograms was defined as a limited expansion of 

haematopoietic clones in peripheral blood, marked by the presence of somatic single 

nucleotide variants or small insertions or deletions (indels). This point is important to 

emphasise, because our references to clonal haematopoiesis will be based largely on the 

presence of somatic single nucleotide variants and indels, rather than on cytogenetic 

alterations determined by conventional cytogenetic studies and frequently used to diagnose 

haematological malignancies.

Definition of clonal haematopoiesis

Unfortunately, the term clonal haematopoiesis, outside its undisputable association with 

haematological malignancies, misses a degree of precision in its application. Clonal 

haematopoiesis is frequently defined as non-reactive, relative expansion of haematopoietic 

clones—regardless of magnitude—detected by any means and at any point in time. Although 

this definition could allow potential categorisation for some patients, the defining 

characteristics of clinically relevant clonal haematopoiesis remain unclear. Several questions 

need to be addressed as clinicians continue to apply incomplete knowledge of clonal 
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haematopoiesis to the bedside. First, relative clonal dominance may be a consequence of 

genuine, uncontrolled expansion of cells due to clonal growth advantage or stem-cell 

attrition, which is frequently seen with ageing. A reliable method is needed to differentiate 

these two scenarios and their respective biological consequences.

Second, the minimum size of biologically relevant clones is yet to be established 

definitively. Initially, the proposed 2% variant allele frequency for the definition of CHIP 

was based on the lower limit of reliable detection of small somatic variants using whole 

exome sequencing.5 This variant allele frequency is reasonable in these conditions, but it 

might not fully detail the biological and clinical relevance of this value. We discuss the 

nuances of variant allele frequency at diagnosis later in this Viewpoint. Additionally, the 

development of ultra-deep, error-corrected targeted sequencing approaches that are capable 

of detecting mutations in less than 0·5% of cells revealed the presence of miniscule clones in 

more than 95% of older individuals (aged >60–70 years). These clones were evenly 

distributed among haematopoietic lineages in peripheral blood and remained stable for 

decades, suggesting both an haematopoietic stem cell origin and insufficient expansion 

potential.23 Third, it is unclear whether qualitative or quantitative (or both) characteristics of 

CHIP clones result in similar phenotypes across patients, or whether there are more diverse 

biological effects. To illustrate, cardiovascular complications have been associated with 

CHIP, and the likelihood of these events is increased when clonal monocytes are present in a 

patient’s peripheral blood; this increase could in part be related to the qualitative 

characteristics of the clone effect, but malignant potential is probably related to quantitative 

burdens.24–27 Furthermore, an exploration into phenotypes has shown that some mutations 

can result in spontaneous expansion and transformation, whereas others can require 

additional cell-extrinsic stressors such as chemotherapy, radiation, or environmental toxins, 

to produce the disease.28 Finally, there is the question of clonal persistence. Are all 

detectable clones permanent or transient? This last question has particular relevance to the 

establishment of a clinical monitoring plan once the diagnosis of clonal haematopoiesis has 

been made.

Classification of clonal haematopoiesis with and without cytopenias: axiom or linguistic 
mélange of four-letter acronyms?

It has been postulated that ageing haematopoietic stem cells acquire random somatic 

mutations, which could lead to clonal expansion, acquisition of secondary hits, and ultimate 

transformation to clinically apparent disease. In fact, nearly 90% of patients with 

myelodysplastic syndrome have identifiable somatic mutations in haematopoietic cells.29 

Moreover, mutations in putative cancer drivers such as DNMT3A, TET2, and ASXL1 
encompass more than 90% of clonal haematopoiesis and are among the most frequently 

affected genes in myelodysplastic syndrome. Even though clonal haematopoiesis is frequent, 

less than 1% of people with clonal haematopoiesis progress to clinically apparent disease. 

Thus, the presence of somatic mutations in haematopoietic cells might be of clinical 

importance or might represent an incidental finding in older patients with marginally 

abnormal haemograms that do not fulfill minimal diagnostic criteria for myelodysplastic 

syndrome.30 What we do not yet know with precision is whether these incidental findings 

might evolve into clinically apparent disease. The associated uncertainly could lead to great 
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anxiety in some patients and providers. The most recent attempts to classify these somewhat 

overlapping and potentially clinically important premalignant conditions encompass three 

major clinical and pathological findings: presence of clonal markers, dysplasia, and 

peripheral blood cytopenias (figure 1).

Despite subtle differences, which are perhaps more pertinent to research than clinical 

practice, the terms CHIP and age-related clonal haematopoiesis can be used interchangeably 

and denote the expansion of haematopoietic clones, harbouring specific—probably 

disruptive—and recurrent genetic variants in individuals with normal haemograms and 

without clear diagnosis of haematological malignancies.5,18,31,32

Patients with cytopenias can be categorised (panel 1) as either idiopathic cytopenia of 

unknown significance (ICUS), or clonal cytopenia of unknown significance (CCUS). 

Peripheral blood cytopenias are defined on the basis of standard laboratory values 

(haemoglobin <130 g/L [males], <120 g/L [females]; absolute neutrophil count <1·8 × 

109/L; platelets <150 × 109/L).33 ICUS is defined as any degree of cytopenia in one or more 

lineages that persists for at least 6 months, does not fulfill the minimal diagnostic criteria for 

myelodysplastic syndrome, and cannot be explained by other haematological or non-

haematological conditions.34–36 A consensus panel of experts has proposed terminology for 

and classification of premalignant clonal conditions, which is useful for classification.36 

Patients with ICUS in whom clonal abnormalities have been identified can be classified as 

patients with CCUS.31 This term is reserved only for patients with non-myelodysplastic 

syndrome or non-acute myeloid leukaemia, for defining cytogenetic abnormalities.

There is no standardised variant allele frequency cut-off for CCUS, and some authors 

propose the same as for CHIP (>2%). In our opinion, CCUS should imply that cytopenias 

are solely driven by the clonal process resulting in ineffective haematopoiesis. Since this 

causation cannot be fully explained by the presence of a minute clone, we propose to apply 

the variant allele frequency cut-off of the dominant clone (>20%) for CCUS diagnosis. This 

value is based on previously published data showing the variant allele frequency distribution 

in patients with CCUS with 95% cumulative progression to clinically apparent myeloid 

malignancy within 10 years.7 In addition, using this higher variant allele frequency cut-off 

would possibly separate cytopenias that are due to the clonal process (such as CCUS) from 

other cytopenias that co-occur with incidental and inconsequential small CHIP clones 

(figure 2). Given a nearly 100% 10-year probability of CCUS progression to myeloid 

malignancies, perhaps the term unknown significance is not the most fitting and this 

condition ought to be placed in an early myeloid neoplasm category. These thresholds may 

allow for improvements in monitoring patients and in risk assessment, especially for those at 

presumed highest risk for earlier progression and evolution.

Idiopathic dysplasia of undetermined significance (IDUS) is defined as the presence of 

dysplasia in peripheral blood or bone marrow, the absence of cytopenias, no evidence of 

clonality, and no obvious cause.31 Even though the offending condition may not be obvious 

at first, IDUS is usually a reactive process rather than primary marrow disorder.
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Assessment of clonality in diagnosis

Since the first systematic reports in the late 1970s, numerical and structural chromosomal 

abnormalities and the use of various cytogenetic techniques have remained central to 

diagnostic testing, risk stratification, and therapeutic decision making. Beginning in 2001 (in 

recognition of chromosome 5q deletion syndrome), and then more broadly in 2007, WHO 

classification recognised cytogenetics as an essential diagnostic tool.3 The diagnosis of some 

types of acute myeloid leukaemia with recurrent cytogenetic abnormalities—such as inv(16), 

t(8;21), or t(15;17)—can now be made without referring to the blast count. Similarly, 

myelodysplastic syndrome can be diagnosed in patients with cytopenia who have 

myelodysplastic syndrome-specific chromosomal aberrations without obvious dysplasia, or 

even by SF3B1 without extensive ring sideroblasts.30 Next-generation sequencing 

techniques have now made their way to the clinic and are not only widely applied for 

diagnostic and prognostic purposes, but also essential in the implementation of novel 

targeted therapies. This wide application has been fueled further by continually shrinking 

costs of disease-specific targeted panels, which are now less expensive than traditional 

metaphase karyotyping.

Unilineage or multilineage peripheral blood cytopenia often result from a wide range of 

haematological or non-haematological disorders. These include some haematological 

cancers and bone marrow failure syndromes, autoimmune conditions, viral infections, 

systemic diseases, medication toxicity, and vitamin deficiencies.37 The term unexplained 

cytopenia is used to define a condition that is characterised by peripheral blood cytopenia 

whose origin is not attributable to causes that can be detected with conventional tests or to 

any concomitant diseases.38

The current diagnostic approach to a suspected myeloid neoplasm with myelodysplasia 

includes morphological studies of peripheral blood and bone marrow aspirate smears, bone 

marrow biopsy, and cytogenetic studies aimed at identifying selected chromosomal 

abnormalities or genetic lesions that WHO classification recognises to be of diagnostic 

value.37,39 Tremendous progress in discovery of the genes associated with human disease 

combined with parallel sequencing of different genomic regions have resulted in wide use of 

next-generation sequencing in diagnostic schema for myeloid malignancies. The results of 

next-generation sequencing are now incorporated in the National Comprehensive Cancer 

Network guidelines, which provide the list of gene mutations likely to be somatic and 

disease-related, and therefore give presumptive evidence of myelodysplastic syndrome.39 

Although helpful under some circumstances, the incorporation of next-generation 

sequencing results into a diagnostic process must be done with caution. Practising clinicians 

must be aware of the possible limitations of a test that is meant to complement proper 

diagnostic assessment, rather than act as a stand-alone diagnostic test (figure 3).

Diagnostic handling of CHIP

As with any new evolution in clinical classification systems, inherent limitations become 

apparent. It is in this way that clinicians must fully comprehend the consequences of 

labelling patients with precursor states. The prospective Myelodysplastic Syndrome Natural 
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History Study40 is currently enrolling patients with ICUS to address this very issue. 

Although underdiagnosis might not be a relevant problem because disease will declare itself 

with time, overdiagnosis can be anxiety provoking in patients and clinicians alike, and could 

result in serious consequences if acted on prematurely. Thus, we believe that healthy 

individuals with unremarkable haemograms should not be tested for clonal haematopoiesis. 

We recognise that this condition is frequently discovered incidentally, in research studies, 

cell-free DNA or solid tumour biopsies, and commercial DNA testing. Once discovered, we 

do not recommend monitoring for changes in clonal dynamics in asymptomatic individuals, 

especially given that there are no approved or investigational therapeutic interventions 

proven to change the natural history of CHIP in otherwise healthy individuals.

Variant allele frequency

The analysis of molecular reports must take into account not only the binary information of 

the presence or absence of particular mutations, but also the percentage of affected cells 

(clonal burden). Variant allele frequency represents the percentage of mutated DNA 

molecules relative to the total DNA input. Most cancer-associated somatic mutations affect 

only one allele (heterozygous), and thus a variant allele frequency of 50% implies that 100% 

of tumour cells carry somatic mutations. Variant allele frequency depends on the size of the 

clone, tumour heterogeneity, the amount of non-clonal healthy cells (eg, non-clonal 

lymphocytes or stromal cells from bone marrow biopsy), and the co-occurrence of numerical 

chromosomal alterations. Particularly close attention should be paid to variant allele 

frequency in diagnostic investigation of unexplained cytopenias, because association 

between somatic mutations and cytopenias does not always prove causally significant. This 

could be one of the hardest principles for both patients and providers. For example, the 

presence of anaemia and DNMT3A mutation with variant allele frequency of 5% is probably 

very different from the same mutation at variant allele frequency of 40% in a patient 

receiving transfusions. For patients receiving transfusions, anaemia is probably due to clonal 

processes affecting 80% of haematopoietic cells, leading to ineffective erythropoiesis, but 

when transfusion is not involved, other causes of anaemia should be investigated thoroughly. 

Thus, we propose to incorporate a higher variant allele frequency cutoff (>20%) than is often 

used to distinguish CCUS from other conditions (panel 2). Another example could be the 

presence of unexplained anaemia and a small JAK2 Val617Phe clone. Most clinicians would 

agree that the two are probably independent processes and that alternative explanations of 

anaemia should be considered.

Driver versus passenger mutations

Given the vast number of somatic alterations detectable by next-generation sequencing, 

discriminating between leukaemia-initiating driver mutations and incidental passenger 

mutations lacking functional consequences can be extremely challenging. This judgment 

relies heavily not only on the sequencing method, but also on the analytical pipeline, 

filtering strategies, variant annotations, and in silico prediction of pathogenicity. In reality, 

only a small proportion of somatic gene alterations passes these strict criteria and is reported 

by molecular laboratories. Even these highly refined lists frequently contain what are 

currently termed variants of unknown significance. With few exceptions of clearly 

deleterious recurring hot-spots (eg, JAK2 Val617Phe, SF3B1 Lys700Glu) or canonical 
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truncating mutations (ASXL1 or CALR), most loss-of-function mutations are scattered 

across the affected genes.29 The limitations of currently available prediction algorithms and 

scarcity of experimental data make the distinction between pathological driver mutations and 

silent passenger mutations extremely challenging. To address this important and constantly 

evolving problem, attempts to standardise the interpretation and reporting of sequence 

variants have been undertaken.41

Somatic versus germline

When reviewing the results of next-generation sequencing panel testing, some germline 

variants could be present in somatic reports. How these are codified and interpreted can vary 

by report and can be a potential source of confusion. Thus, most molecular laboratories are 

slowly starting to incorporate concurrent DNA testing from non-haematopoietic tissues (eg, 

skin fibroblasts) as germline controls. In the absence of germline control, variant allele 

frequency could occasionally help to distinguish between germline and somatic mutations, 

especially if clones constitute less than 80% of tested tissue (variant allele frequency <40%). 

Unfortunately, in some conditions, the vast majority of nucleated haematopoietic cells are 

derived from a single pathological clone, which frequently makes this distinction infeasible. 

Moreover, mutations in certain genes (eg, RUNX1, DDX41, ETV6) can be present as 

inherited germline variants or as acquired somatic events. Interpretation of dedicated 

germline sequencing should be done according to guidelines for variant classification from 

the American College of Medical Genetics and Genomics.42,43 A detailed review of 

inherited haematopoietic disorders extends beyond the scope of this Viewpoint and can be 

found elsewhere.44

Following the CHIPs

Malignant consequences of CHIP

With regards to the risk of malignant consequences, CHIP can apply the multiple hit theory 

in cancer evolution.45 People with CHIP generally have a single somatic mutation and do 

not have an overt malignancy. The mutations found in people with CHIP are also common in 

myeloid malignancies, including acute myeloid leukaemia, myelodysplastic syndrome, 

myelo-proliferative neoplasms, and some lymphomas.46 In most cases, transformation to 

malignancy requires the sequential acquisition of multiple mutations.

Therapy-related myeloid neoplasms represent a specific clinical scenario in which 

chemotherapy or radiation can select for a mutant haematopoietic stem-cell clone, increasing 

the risk that this clone will acquire additional mutations and progress to malignancy.47,48 

Individuals with CHIP who are treated for solid tumours have an elevated risk of therapy-

related myeloid neoplasms and increased overall mortality.26,28,49

Individuals with CHIP have approximately ten times the risk of developing a haematological 

malignancy compared with people without CHIP, with the risk increasing with the size of 

the clone.8,9 Overall, the risk of transformation to malignancy is approximately 0·5–1% per 

year, which is roughly the same as the risk of transformation of monoclonal gammopathy of 

undetermined significance to multiple myeloma.45
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The risk of transformation to acute myeloid leukaemia has been evaluated specifically in 

large, retrospective cohort studies. Specific features predicted the risk of developing acute 

myeloid leukaemia to be three to five times higher than in individuals without CHIP. In 

particular, mutations in TP53 and genes encoding splicing factors were associated with an 

elevated risk of developing leukaemia (figure 4).50,51

Non-malignant consequences of CHIP

CHIP is associated with increased overall mortality.8,9 An increased risk of haematological 

malignancies alone does not explain this mortality risk, because overall blood cancers are 

relatively rare. In large genetic studies, CHIP has been associated with myocardial 

infarction, with a hazard ratio greater than many of the established risk factors for 

cardiovascular disease, such as blood pressure, cholesterol levels, and smoking.9 CHIP 

approximately doubles the risk of myocardial infarction,25 and studies indicate that CHIP 

plays a direct functional role in the pathogenesis of atherosclerosis.24,52 Altered 

inflammatory response in the blood cells of patients with CHIP has also been shown to 

influence a wide range of disease biology, particularly in diseases of ageing that are linked to 

inflammation.24,52–54 These associations could lead to providers outside of the discipline of 

haematology ordering more next-generation sequencing testing to determine whether CHIP 

could be contributing to the underlying pathophysiology. This could present further 

challenges, not only with interpretation of next-generation sequencing results, but also with 

subsequent requests for haematological evaluation of clinically insignificant conditions.

Monitoring

CHIP, ICUS, and CCUS are all currently considered to be premalignant conditions that can 

progress to myelodysplastic syndrome, acute myeloid leukaemia, or other haematological 

malignancies. The main implication of making these diagnoses is that the monitoring and 

clinical follow-up will change so that malignancy, if it occurs, will be diagnosed efficiently 

in a patient (table). Caution is required, however, as progression to malignancy is not a 

foregone conclusion and each precursor state does not carry the same level of risk.55 Clinical 

scenarios at increased risk for early progression and malignant evolution must be highlighted 

to a patient (figure 4). Additionally, the form of monitoring should be age-dependent. A 

patient younger than age 60 years, with more life years ahead, should be surveyed once per 

year, whereas a patient aged 80 years with comorbid conditions could require discussions for 

their expectations, but might have less use of monitoring. Precursor states also need to be 

factored in if a patient with CHIP requires chemotherapy for another malignancy. Care 

should be taken to avoid prescription of medications that could further predispose patients to 

acquiring additional somatic mutations that could further escalate the patient’s evolution to 

acute myeloid leukaemia.

The clinical course of ICUS is variable and unpredictable. In a subset of patients, 

progression to myelodysplastic syndrome or acute myeloid leukemia is observed after a 

variable time period.56 In some patients with ICUS, a smaller clone carrying typical 

chromosome abnormalities (otherwise found in myelodysplastic syndrome or acute myeloid 

leukemia) is initially detected by a modality such as fluorescence in-situ hybridisation.57 It 
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is important to repeat cytogenetic and molecular studies during follow-up in patients with 

ICUS, IDUS, and CCUS, especially when clinical signs of clinical progression are found.58

CHIP at the bedside

Providers of clinical care value the capacity to contextualise disease manifestations (and the 

patients they affect) into categories to help to create a path forward. The aforementioned aid 

this goal and have the added use of predicting with greater accuracy which patients might 

develop myeloid neoplasms.7 Additionally, these entities in many ways justify the use of 

next-generation sequencing at diagnosis. This form of molecular genetic testing promotes 

and confirms the diagnosis of a clonal disorder in a patient with unexplained cytopenia. 

Furthermore, a negative test result can also influence diagnostic assessment, because of the 

high negative predictive values of a normal result in ruling out a disorder such as 

myelodysplastic syndrome.59

In clinical practice, using molecular genetic testing and applying these acronyms at the 

individual patient level is complex.59,60 During the past few years, the emerging concept of 

premyelodysplastic syndrome conditions has received attention and acceptance from the 

medical community, owing to fact that the clinical implications of such conditions are 

becoming clear. It is clinically appropriate, in our opinion, to use the panels in patients with 

cytopenia to rule in, rule out, or predict myeloid neoplasms. This practice has increased such 

that it is now considered standard care by nearly all haematologists and oncologists. Overall, 

the recommendation is to follow premyelodysplastic syndrome conditions proactively and 

based on the risk of evolution, as best estimated by the clinician for the patient at the time. 

However, the frequency of next-generation sequencing repeat monitoring (beyond marrows 

and blood counts) has not been established clinically. We favour once per year to avoid an 

overdiagnosis burden (panel 2). In the future, it is likely that our colleagues in cardiology, 

rheumatology, or other providers specialising in diseases with inflammation will send these 

panels looking for causality of the comorbid condition. We do not recommend further testing 

or close monitoring in haematologically asymptomatic individuals. Bone marrow biopsy 

with repeat next-generation sequencing analysis should be done in individuals with CHIP 

who develop unexplained cytopenias. If diagnostic criteria for myelodysplastic syndrome or 

acute myeloid leukaemia are not met and cytopenia persists, we recommend monitoring 

haemograms at least once every 6 months (as recommended by the myelodysplastic 

syndrome National Comprehensive Cancer Network guidelines).39

Conclusions

Clonal haematopoiesis is an exciting area of research, leading to better knowledge and 

further diagnosis of precursor status for patients. However, comprehension of clonal 

haematopoiesis is ongoing, and as yet, we sometimes struggle to interpret clonal 

haematopoiesis results with complete diagnostic and prognostic certainty. When faced with 

uncertainty, some patients and providers will be content to let events unfold beyond their 

control. However, other patients (or physicians) might feel compelled to be more proactive 

and pursue either more intense monitoring or, more worryingly, earlier intervention without 

evidence. This approach could lead to earlier detection and treatment of malignancy or to 
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unnecessary and potentially harmful overtreatment. Ongoing and future studies will help to 

refine understanding of clonal haematopoiesis and of its implications.
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Panel 1:

Definitions of the precursor states to guide diagnosis

Clonal haematopoiesis of indeterminate potential

• Presence of at least one somatic mutation that is relevant clinically and 

otherwise found in myelodysplastic syndrome (or other myeloid neoplasms)

• Absence of persistent cytopenia

• Exclusion of myelodysplastic syndrome and all other haematopoietic 

neoplasms (and other diseases) as the causal underlying condition

Idiopathic cytopenia of undetermined significance

• Presence of relevant cytopenia in one or more lineage for at least 6 months

• Not explained by any other disease

• Diagnostic criteria of myeloid neoplasm not fulfilled

Clonal cytopenia of undetermined significance

• Presence of one or more somatic mutations otherwise found in patients with 

myeloid neoplasms in bone marrow or peripheral blood cells with an allele 

burden of more than 2%

• Presence of persistent cytopenia (≥4 months) in one or more peripheral blood 

cell lineages

• Diagnostic criteria of myeloid neoplasm not fulfilled

• Exclusion of all other causes of cytopenia and molecular aberration
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Panel 2:

Recommendations for diagnosis and monitoring of precursor states

Diagnosis

• For diagnosis of clonal haematopoiesis of indeterminate potential (CHIP), the 

current cutoff for variant allele frequency of the dominant clone is more than 

2%

• We propose to apply a cutoff of more than 20% variant allele frequency of the 

dominant clone for diagnosis of clonal cytopenias of undetermined 

significance

Monitoring

• Bone marrow and peripheral blood counts twice per year after CHIP 

diagnosis, with bone marrow evaluation dictated by change in peripheral 

counts

• If diagnostic criteria for myelodysplastic syndrome or acute myeloid 

leukaemia are not met and cytopenia persists, we recommend monitoring 

haemograms at least once every 3–6 months

• We propose next-generation sequencing testing once per year for 

symptomatic patients to observe changes in clonal burden

• We do not recommend further testing or excessive monitoring for changes in 

clonal dynamics in haematologically asymptomatic individuals
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Search strategy and selection criteria

We identified references for this Viewpoint through searches of PubMed databases and 

abstracts of the American Society for Hematology and the American Society of Clinical 

Oncology, using the search terms “CHIP”, “CCUS”, “ICUS”, and “clonal 

haematopoiesis”. We included articles that were published from Jan 1, 2010, to August 1, 

2019. We considered results from all papers published in English only when drafting the 

manuscript, but included what we currently view as many of the most seminal papers to 

date for this Viewpoint in the reference list.
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Figure 1: Relationship between cytopenia, dysplasia, and clonality in precursor states and 
myelodysplastic syndrome
Figure showing clinical and pathologic overlap of various diseases, and a hierarchy whereby 

patients can acquire increasing depth of cytopenia, dysplasia, or even additional clonality on 

the path to myelodysplastic syndrome. ICUS=idiopathic cytopenia of unknown significance. 

MDS=myelodysplastic syndrome. IDUS=idiopathic dysplasia of unknown significance. 

AML=acute myeloid leukaemia. CCUS=clonal cytopenia of unknown significance. 

CHIP=clonal haematopoiesis of indeterminate potential.
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Figure 2: Peripheral blood cell count, variant allele frequency, and dysplasia as a continuum 
from asymptomatic CHIP to clinically obvious myelodysplastic syndrome
Clonal haematopoiesis of indeterminate potential (CHIP) is characterised by normal 

peripheral blood counts, low level clonal expansion (low variant allele frequency), and no 

evidence of dysplasia. With time, somatic mutations present in CHIP clones result in clonal 

outgrowth of cells (variant allele frequency >20–30%), with abnormal differentiation leading 

to peripheral blood cytopenias without morphological evidence of dysplasia (clonal 

cytopenia of unknown significance, CCUS) followed by clinically apparent myelodysplastic 

syndrome (MDS) with dysplastic features. Dashed red line indicates blood count; solid blue 

line indicates variant allele frequency.
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Figure 3: Clinical diagnostic testing for peripheral blood cytopenias
The flowchart represents our approach to the diagnosis of precursor conditions. We consider 

variant allele frequencies greater than 20% to be most akin to clonal cytopenia of unknown 

significance (CCUS). FISH=fluorescence in-situ hybridisation. SNP-A=single nucleotide 

polymorphism array. ICUS=idiopathic cytopenia of unknown significance.
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Figure 4: Features of clonal haematopoiesis of indeterminate potential (CHIP) considered at high 
risk for transformation to haematological malignancy
The evolution of CHIP to clinically apparent haematological malignancies is represented by 

clonal expansion or variant allele frequency (y axis), by acquisition of additional somatic 

mutations, somatic mutations in specific genes (TP53, IDH1, IDH2, spliceosome 

machinery), or multiple mutations in epigenetic modifiers (DNMT3A, TET2), and by 

increased morphological features of dysplasia. HSPC=hematopoietic stem and progenitor 

cell. CHIP=clonal haematopoiesis of indeterminate potential. CCUS=clonal cytopenia of 

unknown significance. MDS=myelodysplastic syndrome. AML=acute myeloid leukaemia.
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