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Introduction

Clonal hematopoiesis of indeterminate potential (CHIP) is a common age-related condition affecting
over 10% of healthy adults older than age 65 years. lts prevalence gradually increases with age. The
entity is characterized by the presence of somatic mutations in the blood of otherwise healthy adults and
has been associated with an increased risk of hematologic malignancies, cardiovascular events, and
adverse survival outcomes.! With the advent of reduced intensity conditioning regimens, the age of
blood or bone marrow hematopoietic stem cell transplantation (HSCT) recipients continues to rise, with
many centers extending eligibility up to age 80 years.>* The effect of patients’ age on transplant
outcomes has been well studied.?>® However, with the extension of recipient age has come the
extension of donor age, especially with use of related donors. Several studies have demonstrated that
donor age has an important impact on the outcome of allogeneic HSCT (alloHSCT). The utilization
of older donors is consistently associated with worse overall survival and increased nonrelapse
mortality.®"" This negative impact on transplant outcomes may be due to several different mechanisms,
but a potential etiology could be the increasing prevalence of CHIP in the donor pool when donors of
advancing age are used. An obvious medical goal with HSCT is to give the recipient every possible
advantage to achieve the best outcome from the procedure; this goal encompasses selection of the
most appropriate donor. Therefore, screening for a potentially detrimental condition, such as CHIP in
donors, could minimize the risk of adverse events in the bone marrow recipients.

Recognition and diagnosis of CHIP is important before assessment and selection of a donor, especially
one older than 50 to 60 years because donor-derived malignancies, occult malignancies, and
premalignant conditions such as monoclonal gammopathy of unknown significance (MGUS) and clonal
hematopoiesis, increase with age."? Unexplained cytopenias, recurrent/severe infections, or failure to
mobilize stem cells in a donor may be due to an underlying marrow failure syndrome necessitating
additional investigation. CHIP, by definition, is a condition present in asymptomatic individuals with
unremarkable hemograms and the clonal population of peripheral blood leukocytes. When the term
CHIP was coined, the authors proposed the 2% variant allele frequency (VAF) for the definition, based
on the lower limit of reliable detection of small somatic variants using whole-exome sequencing.”'® This
was reasonable in this context but may not fully detail the biological and clinical relevance of the CHIP
because hematologic malignancies may arise from clones smaller than 1% VAF and cardiovascular
complications are seen with VAF >10%. The entity of CHIP will go underrecognized in potential donors
without dedicated next-generation molecular screening. Results of this testing are critical, both for
decision on use as a donor (to protect the patient) as well as to identify the donor's potential medical
predisposition and risk. In this short opinion piece, we provide compelling evidence to support screening
for CHIP in older stem cell donors. For the purpose of this manuscript, we focus specifically on CHIP as
defined by the presence of somatic mutations present at VAF >2% affecting genes associated
with hematologic malignancies. This is biologically relevant for the following reasons: (1) the
clinical consequences of clonal hematopoiesis (CH) at large are unclear; (2) most commercially
available tests are limited only to <100 genes known to be mutated in hematologic malignancies; (3)
testing for any aberrant CH would require whole-genome sequencing approach that presently would
carry analytical challenges and relatively high cost'; and (4) mutations at very low VAF (<1%) can be
present in most individuals and rarely lead to expansion of the affected clone.'®

Donor-derived malignancies

Because patients with CHIP have an expanded clonal population of cells carrying somatic mutations
in putative oncogenic drivers, the association between CHIP and hematologic malignancies is
unsurprising.16'18 Despite the small absolute risk (0.5% to 1% per year), patients with CHIP are
4 to 15 times more likely to develop hematologic malignancies.'® Transformation to malignancy, in
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Figure 1. Potential complications of donor CHIP.
CVD, cardiovascular disease.
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most cases, requires sequential acquisition of multiple mutations;
thus, under homeostatic conditions, this process may take years or
even decades and the majority of patients will likely succumb to other
medical conditions. However, this process could be significantly
enhanced by the tremendous proliferative stress required to
reestablish hematopoiesis in the recipient.>® Additionally, posttrans-
plant immunosuppression as well as constantly growing armamentar-
ium of maintenance therapies may negatively influence immunological
surveillance and promote oncogenic transformation of primed
hematopoietic clones present in CHIP graft (Figure 1). This donor-
derived CHIP could potentially progress to myeloid and, less often,
lymphoid neoplasms through acquisition of a strong driver mutation
posttransplant, as has been seen in other contexts.! The published
incidence of donor cell leukemia (DCL) varies greatly, affecting up to
5% of allbHSCT recipients.??2® It may be relatively more common
when older donors are used. In fact, the cumulative incidence of
DCL extends beyond 6% in alloHSCT from donors older than age
60 years.>* Even though the etiology of DCL is not entirely clear, the
growing body of literature suggest that preexisting somatic or
predisposing germline mutations play a key role in this process.?>®’

In addition to clinically apparent donor-derived malignancies, donor
age was also associated with significantly higher rate of unexplained
posttransplant cytopenias, particularly when donors with preexisting
CHIP were used.®? In both instances, low-level CHIP clones not
only engrafted but also outcompeted nonclonal counterparts
during early hematopoietic reconstitution. Recently published studies
demonstrated that the incidence of DCL was exclusively associated
with preexisting donor CHIP.2° At the current stage of knowledge
and in the absence of larger prospective studies, we are inclined to
recommend screening older donors (>50 years) for the presence
of CHIP to minimize the risk of DCL, an uncommon, yet frequently
lethal, sequela of alloHSCT. Given the lack of definitive data on the
impact of clonal size and/or type of mutations on the incidence of
donor-derived leukemia, we recommend applying the commonly
accepted threshold for CHIP of >2% VAF in genes known to be
associated with hematologic malignancies.

Risk of inflammation and graft-versus-host disease

In addition to their malignant potential and altered differentiation,
CHIP clones may result in chronic inflammation and end-organ
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damage.®3®° Even though it is postulated that chronic inflammation
is mainly the result of transcriptional activation of proinflammatory
cytokines (interleukin-1B, interleukin-6) by mutated monocytes,
the exact pathophysiology and involvement of immune cells in this
process is not entirely clear. In alloHSCT, both innate and adaptive
immune systems in the recipient become entirely replaced by
donor cells, including resident tissue macrophages that integrate
signals derived from tissue infection or damage and present processed
antigen from these sites to naive T cells.®®37 It is then plausible
that engrafted pro-inflammatory monocytes with altered epige-
netic control will result in uncontrolled inflammation and organ
damage. In fact, a recent study suggests that the prevalence
of chronic graft-versus-host disease (cGVHD) is significantly
increased in recipients engrafted with donor CHIP, particularly with
DNMT3A mutations. This study looked at CHIP in 500 related
HSCT donors (age =55 years) and revealed that at the time of graft
donation 16% of donors had CHIP. In recipients allografted with
donor CHIP, there was a higher cumulative incidence of cGVHD
(hazard ratio, 1.73; 95% confidence interval, 1.21-2.49; P = .003).2°
Even though donor CHIP had no effect on overall survival, the
observed nearly twofold increase in cGVHD is nontrivial, especially
given that this type of post-alloHSCT complication confers a
significant morbidity that can markedly affect patients’ quality of life.
Interestingly, the same study showed that donor CHIP was also
associated with significantly lower cumulative incidence of relapse.
Even though thought-provoking, such observation has to be approached
with reservation, especially that study groups differed significantly with
regard to hematologic malignancies leading to alloHSCT and disease
risk index for neither group was available.

Genetic predisposition/genomic instability

Although the vast majority of cancers are sporadic, it is estimated
that ~3% of cancers (or >300 000 cancers) per year worldwide
are due to cancer-predisposing gene mutations.®® This is likely an
underestimate because the contribution of known genes has been
poorly characterized and not all genes have been identified to date.®®
Even though CHIP seems to be exclusively an age-related phenom-
enon arising from accumulation of random somatic mutations,'? there
is an emerging body of literature suggesting the possibility of
genetic predisposition to CHIP. For instance, the risk of TET2
somatic mutation in siblings >55 years of age is two- to threefold
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higher than in the general population.®® Additionally, genome-wide
association studies revealed a possible constitutive CH predispo-
sition within the TERT gene locus.'® It is then conceivable that
shared genetic traits may result in CHIP and hematologic malignan-
cies. That allogeneic bone marrow transplantation is frequently
performed from related donors raises the possibility that heritable
predisposition is present in related individuals.® Interestingly, recent
data that CHIP is more common in individuals with first-degree
relatives affected by myeloid malignancies supports the hypothesis
that there could be a common and potentially genetic origin of both
hematologic malignancy and CHIP.2® Conversely, a population-
based study focused on older mono- and dizygotic twins showed
no difference in the prevalence of CHIP between the groups.*°

Conscientious monitoring for patient and donor

In addition to its potential impact on the recipient, the identification
of CHIP may have both emotional and medical consequences for
the donor. As expected, the presence of cancer-associated mutations
could be anxiety-provoking and may lead to unnecessary interventions.
Thus, it is important to emphasize that the risk of hematologic
malignancies is very small. As such, we recommend against repeat
next-generation screening to monitor clonal dynamics and against
bone marrow evaluation in otherwise asymptomatic individuals with
normal hemograms. Complete blood count with differential should
be monitored during routine health maintenance visits.

Conclusions

In the current era, great efforts are ongoing to expand access to
alloHSCT to more patients through reduced intensity conditioning,*'
increasing recipient age,” and expansion of the donor pool.*>4® With
this broader availability and constantly diminishing early transplant-
related mortality, we must continue every effort to minimize potential
long-term complications including, but not limited to, donor-derived
malignancies, debilitating GVHD, or cardiovascular events. It
has become a standard practice in some large-volume HSCT centers
to perform serum protein electrophoresis in potential donors
as screening for monoclonal gammopathy or myeloma (MGUS).
Because MGUS has a very similar prevalence to CHIP in the
general population and comparable rate of progression to clinically
apparent hematologic malignancy,** screening for CHIP in a similar
fashion is reasonable. Moreover, unlike MGUS, the clinical conse-
quences of CHIP may reach far beyond its oncogenic potential. Thus,
we advocate for screening for CHIP in potential allogeneic donors
(related and unrelated) older than age 50 years. The prevalence of
CHIP is negligible in general population younger than 40 years of
age and is present in <2% of individuals in 40 to 50 years. Thus, it is
reasonable to screen all older related donors (>50 years of age) for
CHIP and then exclude any CHIP donors, especially when alternative
younger donors are available. This will allow for optimization of the graft
choice to avoid potential late complications such as malignancies,
ongoing cytopenias, increased rates of GVHD, or inflammation that
could adversely affect patients’ overall morbidity, mortality, and
health-related quality of life.

Nearly 9000 alloHSCTs are performed in the United States annually,
50% of which are unrelated donors followed by matched sibling
and half-matched related donor transplants. Because the National
Matched Donor Program prioritizes donors <45 years of age,
the prevalence of CHIP in this donor pool is negligible. For
haploidentical transplants, most patients <50 years receive grafts
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from a sibling donor, whereas older patients use offspring donors,
prioritizing younger donors. Consequently, screening for CHIP
would be primarily limited to older matched sibling donors where the
age of the donor and recipient are usually within the same decade.
In 2017, this estimate would affect approximately 2000 potential
donors (Center for International Blood and Marrow Transplant
Research, last updated June 26, 2019) screened for CHIP.

With a rapidly expanding donor pool including partially matched
donors or umbilical cord blood, exclusion of a small fraction of
CHIP-positive individuals would have a trivial effect on overall
donor availability. Similarly, in the context of alloHSCT evalua-
tions, the cost of CHIP evaluation in potential donors is fiscally
comparable to standard metaphase karyotyping or fluorescence
in situ hybridization.
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