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CHIPing Away at Breast Cancer
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In this issue of the Journal, Comen et al. examine the relation-
ship between clonal tumor infiltrating leukocytes (TILeuks) and
the development of myelodysplastic syndrome (MDS) or acute
myeloid leukemia (AML) in individuals with early-stage breast
cancer (1). One of the most feared consequences of cytotoxic
chemotherapy or radiation used in the treatment of solid
tumors is the development of subsequent MDS or AML, known
as a therapy-related myeloid neoplasms (2). Because these leu-
kemic clones evolve in the presence of chemotherapy, they
tend to be driven by a spectrum of mutations shaped by the se-
lection pressure of cytotoxic therapy and are thereby intrinsi-
cally resistant to most conventional antileukemic therapies and
curable only with allogeneic hematopoietic stem cell transplan-
tation. Understanding which patients with solid tumors are at
highest risk of developing MDS or AML has the potential to in-
form strategies to improve early detection or even prevention of
therapy-related myeloid neoplasms.

The presence of a clonal population of cells in the peripheral
blood of otherwise normal individuals has been termed clonal
hematopoiesis. When a clone contains a leukemia-associated
mutation present at a variant allele fraction of at least 2% and
the individual does not have morphologic evidence of a blood
cancer, the state has been termed clonal hematopoiesis of inde-
terminate potential (CHIP) (3-5). These mutations are believed
to occur within the hematopoietic stem cell and provide the
mutant clone with a competitive advantage. Not surprisingly,
patients with CHIP have an increased risk of developing hema-
tologic malignancies such as MDS and AML. Multiple studies
have identified features that might predict which patients with
CHIP will go on to develop MDS or AML. These risk factors in-
clude the specific gene mutation, the size of the mutant clone
as measured by the variant allele fraction, and the presence of
more than one mutation (6,7).

Recent findings indicate that patients with cancer treated
with chemotherapy who have CHIP are at an increased risk of
developing a therapy-related myeloid neoplasm (8,9). In
patients with relapsed non-Hodgkin lymphoma receiving high-
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dose chemotherapy followed by autologous stem cell trans-
plant, those with preexisting CHIP were at an almost fourfold
increased risk of developing MDS or AML compared with those
without CHIP (10). All these patients had received chemother-
apy before the identification of CHIP; thus it remains unclear
whether cytotoxic therapies induce DNA damage and thus gen-
erate de novo mutations or just select for small preexisting mu-
tant hematopoietic clones. Understanding how these
premalignant clones grow, evolve, and interact within normal
tissues is an open question.

The presence of mutant hematopoietic cells has effects be-
yond increasing the risk for development of MDS and AML.
Patients with CHIP have increased levels of coronary artery
disease, myocardial infarction, and stroke (4). The most com-
monly mutated genes in CHIP, DNMT3A and TET2, encode epi-
genetic regulators that when lost lead not only to a
hematopoietic stem cell advantage but also to alterations in
the function of terminally differentiated hematopoietic cells
(11). The increased cardiovascular disease risk seen in patients
with CHIP is thought to be at least partially due to hyperactive
inflammatory signaling in mutant macrophages mediated by
increased expression of cytokines such as interleukin-15 (12).
Whether this hyperinflammatory phenotype might also play a
role in promoting the growth of solid tumors is unknown, but
many solid tumors are supported by tumor-associated macro-
phages and an inflammatory tumor microenvironment has
been shown to be important for the growth of some solid
tumors (13). This raises the possibility that mutant hematopoi-
etic cells might alter the tumor microenvironment in some
way that promotes tumor growth or decreases the efficacy of
conventional cytotoxic therapies. In support of this hypothe-
sis, patients with advanced solid tumors have increased rates
of CHIP compared with the general population and the pres-
ence of CHIP in these patients is associated with worse clinical
outcomes (14). Although no increased risk for solid tumors was
identified in the large retrospective CHIP studies in healthy
individuals reported to date, it is possible that not all CHIP
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mutations lead to a protumor microenvironment or that only
some subtypes of cancer would be affected by the presence of
an inflammatory tumor microenvironment and thus a connec-
tion between CHIP and solid tumor development could have
been missed in these analyses.

In an effort to better understand the tumor microenviron-
ment and risk factors associated with the future development
of a therapy-related myeloid neoplasm in patients with early-
stage breast cancer who received adjuvant chemotherapy and/
or radiation, Comen et al. assessed the presence of mutations
within TILeuks in seven breast cancer patients who went on to
develop AML (1). To identify mutations, the AML samples were
analyzed by deep sequencing of a panel of genes recurrently
mutated in myeloid neoplasms. Then, TILeuks were micro-
dissected away from breast cancer cells, and both cell popula-
tions were examined by amplicon-based sequencing targeting
the previously identified mutations. In four of the seven
patients, the mutations found in the AML were enriched within
the TILeuk sample, demonstrating that these mutations were
present in the hematopoietic compartment before the develop-
ment of the therapy-related myeloid neoplasm. Cells from the
mutant hematopoietic clone therefore infiltrate and become
part of the tumor microenvironment. The authors were unable
to exclude the possibility that previous chemotherapy can in-
duce the generation of these mutations because two of the
patients had received therapy before tumor resection (radioio-
dine for thyroid cancer and neoadjuvant therapy for the breast
cancer).

The results from this study and other recently published
work suggest that the presence of mutations typically restricted
to hematologic malignancies found within solid tumors is likely
due to contamination by infiltrating clonal hematopoietic cells
(1,15). Although laser-capture microdissection of TILeuks is a re-
search technique that would be difficult to implement in a clini-
cal setting, these mutations are likely to be captured by bulk
sequencing of tumor samples, which contain tumor, stromal,
and hematopoietic cells. Future work will be needed to deter-
mine whether these mutant TILeuks alter the tumor microenvi-
ronment in a meaningful way, whether their presence is
affected by cytotoxic therapies, and if their detection could rep-
resent a biomarker for increased risk of therapy-related myeloid
neoplasms.
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