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Clonal monocytosis of
clinical significance

Mario Cazzola | University of Pavia

The World Health Organization (WHO) diagnostic criteria for chronic mye-
lomonocytic leukemia (CMML) include clinical and morphological features;
however, demonstrating clonality is not an absolute requirement for making
the diagnosis.” In this issue of Blood, Cargo et al show that patients with clonal
monocytosis identified by targeted gene sequencing have a clinical outcome

similar to that of overt WHO-defined CMML.2

In the WHO criteria, CMML is classified
as a myelodysplastic/myeloproliferative
neoplasm (MDS/MPN), a category that also
includes atypical chronic myeloid leuke-
mia, juvenile myelomonocytic leukemia,
and the MDS/MPN with ring sideroblasts
and thrombocytosis." These disorders
have both myelodysplastic (dysplasia and
cytopenia) and myeloproliferative features
("cytosis” of 1 or more myeloid lineages)
at the time of diagnosis.

CMML is characterized by the accumula-
tion of monocytes in the peripheral blood,
and therefore, the initial diagnostic ap-
proach involves the differential diagnosis

of monocytosis. Once reactive mono-
cytosis has been excluded, the possibility
of CMML should be considered, espe-
cially if the elevated monocyte count has
persisted for =3 months. According to the
WHO criteria, diagnosis of CMML requires
an absolute monocyte count =1 X 10%/L
with monocytes accounting for =10% of
circulating leukocytes. These cutoffs are
arbitrary: the natural history of disease is
that the monocyte count increases from
normal to elevated in a continuous manner.
Monocytosis can be present in other my-
eloid malignancies, such as MPNs, and
therefore, diagnosis of CMML requires the
exclusion of these conditions. To establish
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Relationship between clonal monocytosis of clinical significance, oligomonocytic CMML, and overt CMML. The
number of monocytes reflects monocytic proliferation, whereas myelodysplasia is represented by neutrophils
with hypogranulated cytoplasm and bilobed nucleus. Somatic mutations in genes like TET2, SRSF2, ASXLT,
NRAS, KRAS, CBL, or SETBP1 represent the common thread of these chronic myeloid neoplasms, whereas epi-
genetic factors may be responsible for the phenotypic variability. Professional illustration by Patrick Lane,
ScEYEnce Studios.
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the myelodysplastic nature of the disease,
the presence of dysplasia involving =1
myeloid lineages is required, whereas
blasts must constitute <20% of the cells
in the peripheral blood and bone marrow.

As CMML lacks a unique disease-defining
genetic lesion, genetic data have so far
played a minor role in the diagnosis.’
About three-quarters of patients have
a normal karyotype, which means that
cytogenetic abnormalities can be used
as clonal markers only in a subset of
patients.* Somatic gene mutations have
been identified only in the last few years.
A recent study using a panel of 38 re-
currently mutated genes in myeloid ma-
lignancies has detected somatic mutations
in 199 of 214 CMML patients (93%).4 The
most frequently mutated genes were
TET2, SRSF2, ASXL1, NRAS, KRAS, and
SETBP1. A significant association was
found between mutations in TET2 and
spliceosome genes, and one-fifth of patients
showed cooccurrence of TETZ2 and SRSF2
mutations, a comutation pattern that can
be considered relatively typical of CMML.
Quantification of monocyte subsets by
flow cytometry has recently provided a
new tool for the diagnosis of CMML.> An
increase in the fraction of classical mono-
cytes (CD14++/CD167) to >94.0% of to-
tal monocytes has been found to be a
biomarker that helps distinguish CMML
from reactive monocytosis.

Cargo et al conducted a study that gen-
erated from routine hematology practice.
They studied samples of patients referred
to a hematology service for monocytosis.
Through targeted sequencing of 27 genes
recurrently mutated in myeloid malignan-
cies, they detected =1 somatic mutation
in 221 of 283 samples (78%). Overall, 207
subjects underwent additional tests, in-
cluding bone marrow assessment, for a
definitive diagnosis. Virtually all patients
with a confirmed myeloid neoplasm car-
ried a somatic mutation (140/142; 99% of
cases), and most of them had CMML (114/
142; 80% of cases). Of the 65 subjects
who did not have a definitive diagnosis
but justindeterminate features, 37 (57% of
cases) carried at least 1 somatic mutation,
with TET2, SRSF2, and ASXL1 being the
most frequently mutated genes. In terms
of variant allele frequency (VAF), there was
no significant difference between the di-
agnostic and nondiagnostic/indeterminate
features groups, with average values
~40%. More importantly, the overall sur-
vival of mutated nondiagnostic patients
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was indistinguishable from that of patients
with WHO-defined CMML and worse
than that of subjects with monocytosis
without somatic mutations. Flow cytom-
etry analysis of circulating monocytes
showed overlapping features in mu-
tated nondiagnostic subjects and CMML
patients.

The study by Cargo et al validates the
current WHO diagnostic criteria for
CMML, showing that when myelodys-
plasia is absent or minimal, the diagnosis
of CMML may still be made if a somatic
mutation is present. In fact, many of the
cases that were initially considered non-
diagnostic based on morphological cri-
teria were identified by demonstrating an
acquired clonal genetic abnormality, as
stipulated in the recently revised WHO
criteria.’ The conclusions of the study,
however, go beyond this validation and
suggest that the presence of a somatic
mutation should become an absolute
requirement for diagnosis of CMML,
irrespective of the presence or absence
of dysplasia. The fact that somatic muta-
tions of myeloid genes can be found also
in healthy individuals with age-related clonal
hematopoiesis (ARCH)¢ does not represent
a valid reason for not using them as markers
of clonality in myeloid neoplasms. In both
patients with clonal monocytosis and those
with CMML, the VAF of somatic mutations
was much higher (~40% on average) than
that commonly observed in healthy sub-
jects with ARCH (<10%), indicating a much
more advanced clonal disease.

Through their investigations, Cargo et al
have illuminated a condition that can be
defined as “clonal monocytosis of clinical
significance.” The relationship between
this condition and CMML resembles that
between clonal cytopenia of undetermined
significance (CCUS) and MDS.”® The overall
survival and the risk of disease progression
of patients with CCUS and highly specific
mutation pattems are indistinguishable
from those of patients with a myeloid
neoplasm with myelodysplasia.” While
clonal monocytosis of clinical significance lacks
overt myelodysplasia, an oligomonocytic
CMML has also been described that dis-
plays a similar clinicopathologic and mu-
tational profile to classical CMML."® Somatic
mutations represent the common thread of
all these conditions, which are schemati-
cally represented (see figure).

In conclusion, the available evidence
suggests that demonstrating somatic

mutations and defining their patterns
may provide presumptive evidence of
myeloid malignancies, specifically, of
CMML, even in the absence of definitive
morphological criteria. In addition, inte-
grating clinical features, morphology, im-
munophenotyping, and gene mutations
may also improve risk stratification of these
patients, providing a robust basis for clin-
ical decision making and a reliable tool
for clinical trials.*
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PTPRJ: a novel inherited
thrombocytopenia gene

Renren Wen and Demin Wang | BloodCenter of Wisconsin

In this issue of Blood, Marconi et al use a high-throughput exome-sequencing
approach to identify 2 biallelic loss-of-function mutations in PTPRJ that caused

autosomal-recessive thrombocytopenia and a bleeding disorder in 2 siblings.’

Inherited thrombocytopenia (IT) is an ex-
tremely heterogeneous group of throm-
bocytopenic conditions. Classification
of IT based on the inheritance pattern or
clinical symptoms other than thrombocy-
topenia is not always reliable due to the
high frequency of sporadic cases with de
novo gene mutations, partial penetrance
of the mutations, and variable modes of
presentation in patients with the same
gene mutations. Classification of IT based
on platelet size can be helpful and rela-
tively reliable.? However, characterization
of clinical and laboratory findings that
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correlate with an identified genetic ab-
normality is essential to define a particular
IT as a specific disease entity.

ITs have various phenotypes and are
caused by mutations in many different
genes. The genetic defects responsible
for an IT were first defined in 2 condi-
tions: Bernard-Soulier syndrome (BSS)
and Wiskott-Aldrich syndrome (WAS).
BSS typically is associated with a severe
bleeding tendency and is caused by
mutations of genes encoding the com-
ponents of glycoprotein (GP) complex
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