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Abstract Chronic myelomonocytic leukemia is a clonal ma-
lignancy of the ageing hematopoietic stem cell characterized
by a biased differentiation leading to persistent monocytosis
and inconstant hypersensitivity of myeloid progenitors to
granulo-monocyte colony-stimulating factor (GM-CSF). Cy-
togenetic abnormalities identified in 3040 % of patients and
gene mutations detected in every patient can be used to stratify
patients into risk groups that guide the therapeutic choices.
TET2, SRSF2, ASXLI, and genes of the Ras pathway are the
most frequently mutated genes, with ASXL/ mutations nega-
tively affecting the disease outcome. Allogeneic stem cell
transplantation is the first option to consider, especially in
younger patients with poor prognostic factors. There is no
firm clinical guideline in transplant-ineligible patients, but
hypomethylating agents might be an interesting option. A
consensus prognostic scoring system and specific response
criteria are now required to facilitate the evaluation of new
therapeutic strategies in clinical trials specifically dedicated to
this disease.
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Introduction

Chronic myelomonocytic leukemia (CMML) is a clonal he-
matopoietic malignancy of the elderly with an estimated inci-
dence of 1 case per 100,000 inhabitants per year and a clear
male predominance (sex ratio=2). The median age at diagno-
sis is ~70 and the disease is exceptionally diagnosed before
50 years of age [1, 2]. CMML associates features of both
myeloproliferative neoplasia (MPN) and myelodysplastic
syndrome (MDS), which have long tantalized biologists and
clinicians attempting to classify and to treat this disease.

In 1982, the French-American-British (FAB) classification
incorporated CMML as a subgroup in MDS because of dys-
plastic changes commonly found in CMML blood and bone
marrow cells, with cytopenias and potential risk of transfor-
mation into acute myeloid leukemia (AML) [3, 4]. However, a
fraction of CMML patients have high white blood cell (WBC)
counts, with sometimes a splenomegaly, skin infiltration, and
serous effusions [5, 6], leading the FAB group to define two
subsets of CMML in 1994, namely, a dysplastic type (MD-
CMML), and a proliferative type (MP-CMML), using a cut
point of WBC at 13G/L [7].

Seven years later, the world health organization (WHO)
individualized a new class of hematological malignancies
with both myeloproliferative and myelodysplastic character-
istics, CMML being the most frequent of them [8, 9]. The
WHO committee also defined two subgroups, based on blast
cell percentage in the blood and the bone marrow, namely,
CMML-1 (<5 % in the blood, <10 % in the bone marrow) and
CMML-2 (5-19 % in the blood, 10-19 % in the bone marrow,
or less if Auer inclusions are present).

Finally, in 2008, a novel designation was given to these
overlap diseases, the myelodysplasic syndromes/
myeloproliferative neoplasia (MDS/MPN), that include
CMML as the most frequent entity [10°], comprising more
than 90 % of all MDS/MPN cases [2], the juvenile

@ Springer



302

Curr Hematol Malig Rep (2014) 9:301-310

myelomonocytic leukemia (JMML) a pediatric disease with
clinical syndrome similar to that of CMML [11], the atypical
chronic myeloid leukemia (a-CML), and the unclassifiable
MDS/MPNs (MDS/MPN-U) [12¢¢]. The WHO classification
added to these diseases refractory anemia with ring
sideroblasts and thrombocytosis (RARS-T) as a provisional
entity [13] (Table 1).

Very few clinical trials have been specifically dedicated to
CMML in the last decades, patients with an aggressive
CMML being usually included as a subgroup of patients in
trials dedicated to high-grade MDS [14]. However, in the last
5 years, we have been facing an unprecedented flurry of
information that dissects the distinctiveness of CMML. We
are coming closer to understanding the pathogenesis of the
disease, although major questions and challenges are still to be
addressed. Here, we discuss how the recent insights in the
pathogenesis of CMML influence our current practice and
might impact the evaluation of new therapeutic approaches
in trials dedicated to this disease.

CMML Diagnosis

CMML is defined by the WHO as a clonal disease of the bone
marrow hematopoietic stem cell characterized by persistent
monocytosis. The clinical features of the disease are nonspe-
cific and highly variable from a patient to another. In most

cases, the onset of the disease is insidious and the diagnosis is
incidental when a complete blood count is obtained for unre-
lated reasons. Clinical symptoms related to cytopenias (ane-
mia, infections, bleeding) can be inaugural, and patients with a
proliferative form of the disease can demonstrate weight loss,
drenching night sweats, abdominal discomfort, and spleno-
megaly [15]. Occasionally, skin infiltration with abnormal
monocytes (leukemia cutis) is the initial manifestation
[16-18]. Some patients may directly present in the blastic
phase of CMML as acute myeloid leukemia (AML). Similar
to therapy-related MDS, CMML following cytotoxic chemo-
therapy has also been reported [19].

The diagnosis of CMML is currently based on the criteria
proposed by the WHO in 2008 [10¢], which include a unique
positive criterion: monocyte count in the peripheral blood
must be higher than 1 g/L for at least 3 months in the absence
of other cause of monocytosis. The diagnosis is enforced
when the cytologists identify dysplastic features in one or
several myeloid lineage but, given the subjectivity of bone
marrow cell dysplasia, this aspect is not an absolute require-
ment for CMML diagnosis.

The WHO classification also recommends to exclude (1)
an AML defined by a percentage of blast cells (including
myeloblasts, monoblasts, and promonocytes) in the bone mar-
row higher than 20 %, (2) a chronic myeloid leukemia with
monocytosis identified by the presence of a Philadelphia
chromosome or a BCR-ABL fusion gene in bone marrow cells,

Table 1 WHO criteria of adult

WHO criteria

overlap syndromes CMML, a- Syndromes
CML, and MDS/MPN-U com-
pared to CNL [10¢] [12¢] MDS/MPN
Chronic myelomonocytic
leukemia (CMML)*
Atypical chronic myeloid
leukemia (aCML)*

MDS/MPN-unclassified
(MDS/MPN-U)*

#The WHO classification recom-

mends to exclude an AML (bone
marrow blast cells including my-
eloblasts, monoblasts, and
promonocytes<20 %), a CML
(no Philadelphia chromosome or
BCR-ABL fusion gene), and a
MLN-eo (gene rearrangement in-
volving the PDGFR-A or
PDGFR-B [20, 21])
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MPN

Chronic neutrophilic leukemia
(CNL)

0.5/100,000

Median OS 3 years
Median age 72 years
Sex ratio M/F 2
1/100 CML

Median OS 1 years

Monocytosis>1 g/L at least 3
months+bone marrow cell dysplasia

Persistent leukocytosis>13 g/L

Immature circulating myeloid
precursors>10 % of leukocytes

Marked dysgranulopoiesis Median age 72 years

Monocytosis <1 g/L and <10 % leukocytes Sex ratio M/F 2
No basophilia (<2 %)
Heterogeneous group Very rare

Myeloproliferative and myelodysplastic features
Cannot be classified as CMML or aCML

Median OS 2 years
Median age 72 years
Sex ratio M/F 2

Persistent leukocytosis
Neutrophils>80 %
No immature circulating myeloid precursor

No dysgranulopoiesis, monocytosis <1 g/L,
and <10 % leukocytes

No basophilia or eosinophilia
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and (3) a disease entering the so-called Myeloid and lymphoid
neoplasm with eosinophilia (MLN-eo) category in which a
gene rearrangement involves the platelet-derived growth fac-
tor receptor (PDGFR-A or PDGFR-B) gene and confers to
leukemic cells a sensitivity to some tyrosine kinase inhibitors
such as imatinib [20, 21].

Since monocytosis is the unique positive criterion in the
disease definition by the WHO, it is of prime importance to
exclude a secondary monocytosis [22, 23]. The main causes of
reactive monocytosis are (1) infectious diseases such as tuber-
culosis, brucellosis, bacterial endocarditis, fungal infections,
protozoan infections, and chronic viral infections; (2) chronic
inflammatory diseases including autoimmune diseases such as
rheumatoid arthritis and systemic lupus erythematosus, sar-
coidosis, lipid storage familial disorders, and metastatic can-
cers; and (3) bone marrow regeneration after therapeutic and
other aplasias, which usually does not meet the 3 month
duration criterion.

The persistence of the monocytosis during 3 months delays
the moment when the diagnostic is made. In addition, the
disease presentation is heterogeneous and CMML diagnosis
can be difficult in several circumstances. First, CMML pa-
tients demonstrate an abnormally high rate of autoimmune
diseases as compared to age-matched population, sometimes
making the distinction between CMML and reactive
monocytosis confused [24, 25]. Second, some patients
with a primitive myelofibrosis (PMF) in proliferative
phase with considerable leucocytosis meet the WHO
criteria for CMML, whereas other patients with a low
WBC (1 g/L) and a high percentage of monocytes do
not [26]. Due to these diagnostic difficulties and the
lack of therapeutic consequences of CMML assimilation
to MDS so far, the disease frequency could have been
underestimated. The number of MDS that secondary
develop a monocytosis, then fulfill the CMML diagnosis
criteria, is also poorly known as well as the specific-
ities, if any, of the rare cases that appear below
60 years.

Additional criteria are needed to improve CMML identifi-
cation. The presence of acquired cytogenetic and genetic
abnormalities in bone marrow and blood cells supports
CMML diagnosis in ambiguous situations, e.g., in patients
with an isolated monocytosis without any dysplastic feature
and in those who show auto-immune disorders with an in-
flammatory reaction. Although none of these cytogenetic and
genetic abnormalities is specific of the disease, their detection
identifies clonal hematopoiesis [27]. Other criteria, including
the phenotype of peripheral blood monocytes, are currently
tested as biological markers that could facilitate the distinction
between primitive and reactive monocytosis, suppress the 3-
month delay to diagnosis, and revisit the definition of the
cutoff value of monocytosis, currently at 1 G/L (DSB, ES,
unpublished data).

Cellular Features

CMML initiating cells remain a disputed issue as long-term
cultures and serial replating assays have led to distinct con-
clusion and mouse xenotransplantation assays have shown
limited engraftment [28]. Ongoing effort using new mouse
strains and more selective cell sorting might allow a more
precise identification of initiating cells.

An important feature of JIMML is the hypersensitivity of
myeloid progenitors to granulo-monocyte colony-stimulating
factor (GM-CSF), as measured by hematopoietic colony for-
mation and GM-CSF-dependent phosphorylation of STATS
[29]. This hypersensitivity is a more controversial issue in
CMML, in which we identified two subgroups, depending on
the presence or absence of a constitutive activation of signal-
ing pathways [30e¢]. However, others identified an elevated
proportion of immature GM-CSF receptor-& (R) subunit-
expressing cells in the bone marrow of CMML patients and
a response of myeloid and monocytic progenitors to GM-CSF
signal inhibition [31e¢]. The bone marrow microenvironment
could also affect disease evolution, e.g., through a decreased
production of IL-32 [32].

Among the more differentiated cells of the clone, we have
noticed that the cells recognized by cytologists as monocytes
in the peripheral blood include a variable proportion of im-
mature dysplastic granulocytes. We have shown also that
these cells, which belong to the leukemic clone as they dem-
onstrate the same genetic alterations as compared to mono-
cytes, synthesize and secrete large quantities of the antimicro-
bial peptides alpha-defensins that inhibit M-CSF-induced dif-
ferentiation of monocytes into macrophages through the
purinergic receptor P2Y7 [33e¢]. Since these dysplastic and
immature granulocytes also kill activated T cells, they are
reminiscent of the myeloid-derived suppressive cells de-
scribed in patients with MDS or metastatic solid tumor.

Genetic Abnormalities

Conventional cytogenetic analysis of bone marrow cells de-
tects recurrent abnormalities in 3040 % of CMML cases.
None of these aberrations that include aneuploidies such as
trisomy 8, monosomy 7, and interstitial deletions of chromo-
somes 20q, 12p, 7q, and 13q as the most frequent is specific of
the disease as they are common to a range of myeloid disor-
ders [27]. A minority of patients present with reciprocal trans-
locations leading to fusions involving diverse tyrosine kinase
genes [34, 35]. Some fusion genes, such as those involving
ABLI, confer sensitivity to imatinib whereas others such as
those involving JAK2 or FGFRI rather confer sensitivity to
ruxolitinib or ponatinib, respectively, but these fusions genes
are very rare in CMML [36-38]. High-resolution single-nu-
cleotide polymorphism arrays (SNP-A) and comparative
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genomic hybridization (CGH) detect copy number abnormal-
ities and loss of heterozygosity due to uniparental disomy
(copy neutral loss of heterozygosity) in about 50 % of patients
[39]. In addition, to enforce the diagnosis of ambiguous
monocytosis, these abnormalities define evolutionary risk
subgroups.

Whole exome sequencing of peripheral blood sequencing
detects more than 10 gene mutations in every patient [40e¢]
(Merlevede J, DSB, ES unpublished data). Again, none of the
recurrent mutations identified in patient monocytes is disease
specific. A broad pattern of recurrent mutations, affecting ~40
distinct genes, has been detected. The most frequent mutations
affect TET2 (up to 60 % of patients in some series, CMML is
the most frequent neoplasm with TET2 gene mutation),
SRSF2 (up to 50 % of cases), and ASXLI (about 40 % of
cases) [41ee].

The recurrent mutations identified in CMML can be
grouped as those that impact the (1) epigenetic control of
transcription through regulating DNA methylation
(DNMT34) and demethylation (TET2, IDHI, IDH?), histone
modification (A4SXL1, EZH2, UTX), and nuclear cohesin com-
plex components (STAG2, SMC3, SMC1A, and RAD21); (2)
pre-mRNA splicing (SRSF2, SF3B1, U2AF 1, ZRSR?2); (3) cell
signaling (KRAS, NRAS, CBL, JAK2, CSF3R, and genes of the
Notch2 pathway); and (4) transcription factors such as
RUNXI and, in rare cases, TP53 or NPMI. In a given sub-
group, gene mutations are usually mutually exclusive. De-
tailed reviews of the functional consequences of these diverse
gene mutations have been published recently [42]. Mutations
leading to the constitutive activation of signaling pathways
correlate with a myeloproliferative phenotype and an en-
hanced sensitivity of myeloid progenitors to GM-CSF [30ee].

Analysis of the CMML clonal architecture by mutation-
specific discrimination analysis at the level of single-cell-
derived colonies suggested early clonal dominance with the
linear accumulation of mutations in the stem cell compartment
(CD34", CD38", CD90"), a few branching events due to
mitotic recombination events that are death routes in clonal
evolution, and a clonal sweep of the most mutated cells with
differentiation (Fig. 1). The first mutation to appear often
affects an epigenetic gene, especially TET2 or ASXLI, pre-
ceding the mutation of a splicing factor gene, most often
SRSF2, which, in the proliferative forms of the disease, is
followed by a mutation in a signaling gene, leading in many
case to the constitutive activation of the Ras pathway. How-
ever, alternative orders of appearance of gene mutations do
exist, without clearly identified relationship between this order
of appearance of mutations and the disease phenotype. We
have shown that the early clonal dominance of TE72 muta-
tions could account for the bias of differentiation leading to
overproduction of monocytes [30ee].

Epigenetic alterations of gene expression do exist also in
CMML cells. For example, hypermethylation of 77F [~y gene
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promoter leading to gene expression downregulation was
identified in 35 % of CMML patients and the demethylation
of this gene promoter, together with gene re-expression, could
be used as a biomarker of hypomethylating agent activity,
although this methylation pattern does not predict the drug
efficacy [43¢+, 44]. When the current therapeutics used to treat
CMML induce a clinical and biological response, they modify
the clonal architecture by reducing the fitness of the most
mutated cells in the malignant clone without eradicating these
cells that reappear when the disease escapes to therapy [30e¢].

Several unsupervised analyses of gene expression in
CMML cells have been reported. Such an analysis in bone
marrow mononuclear cells discriminates two groups, based on
the expression of genes that regulate the Jun kinase and NF-B
pathways. In sorted peripheral blood CD14" monocytes, we
separated a minor subgroup of patients with a gene signature
similar to that of normal monocytes, whereas most patients
demonstrated an aberrant gene expression pattern in which
overexpressed CJUN and CMYB were poor prognostic
markers [44]. A prognostic signature was also validated in
peripheral blood mononuclear cells, mostly composed of
genes expressed in immature granulocytes [45].

Prognostic Criteria and Scores in CMML

The clinical course of CMML is highly variable, with some
patients remaining stable for many years without any treat-
ment while other rapidly progress. Therefore, life expectancy
ranges from several months to several years. The mean overall
survival is currently between 2.5 and 3 years, which is higher
than MPS-PMN-U (mean survival ~2 years) and a-CML
(mean survival ~1 year) among MDS/MPNSs [12ee].

Transformation into AML, which occurs in ~30 % of
patients, is a common cause of death as these secondary
AMLs are usually refractory to current therapeutic approaches
[42]. Accordingly, the percentage of blast cells in the bone
marrow and the blood is the only prognostic parameter rec-
ognized by the WHO classification [10¢].

Other patients die without overt clinical disease progres-
sion. The consequences of cytopenias combine with age-
associated co-morbidities and progressive increase in
disease-related symptom burden, leading to early death. These
symptoms and their impact on quality of life have not been
specifically explored in CMML as they are in other diseases
[46, 47]. As MDS patients, CMML patients suffer from de-
bilitating fatigue, impaired mobility, suboptimal self-care,
night sweats, bone pain, discomfort, fever, skin rash, and
weight loss.

In order to anticipate the disease evolution and to propose
the best therapeutic program, risk stratification is critical to
establish. The international prognostic scoring system (IPSS)
for survival stratified MDS patients into four risk groups (low,
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Fig. 1 Schematic representation
of the clonal architecture in
CMML, showing clonal
dominance (very few wild-type
cells in the hematopoietic stem
cell compartment in which the
mutations accumulate linearly)
and clonal sweep of the most
mutated cells with differentiation
[30e°]
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intermediate 1, intermediate 2, and high) [48], based on a
cohort of patients that included CMML. However, neither
the IPSS score nor its revised version [49] could apply to
MP-CMML with leucocytosis greater than 12 G/L.

Several prognostic scores based on routinely available
clinical and biological variables have been established by
groups in France (Lille 1988 and 1993) [50, 51], England
(Bournemouth 1988) [52], Spain (1989) [53], Germany
(Diisseldorf, 1992) [54], and USA (MD Anderson, 2002)
[55]. These analyses identified splenomegaly, hemoglobin
level, platelet, lymphocyte or monocyte counts, and medullary
blast cell percentage as prognostic factors in univariate anal-
ysis, whereas bone marrow blast count and hemoglobin level
remained usually significant in multivariate analysis (for
detailed comparison of these prognostic scores, see
[56]). However, with the exception of the modified
Bournemouth score (based on FAB criteria and exclud-
ing CMML with more than 5 % blast cells in the
blood), these prognostic scores are biased toward MDS
as they were not specific of the disease.

A CMML-specific prognostic score based on routine bio-
logical parameters was established by the Mayo Clinic [57]
and combined an increased peripheral monocyte count with
leukocytosis, anemia, and thrombocytopenia to classify
CMML patients into three groups with an overall median
survival of 32.0, 18.5, and 10.0 months in the low, intermedi-
ate, and high-risk groups, respectively.

In 2013, a Spanish group highlighted the prognostic role
cytogenetic anomalies by introducing the karyotype in a new,
CMML-specific, prognostic score (CPSS for CMML-specific
prognostic scoring system) [58] in which the most relevant
prognostic factors were the FAB and WHO classification, the
red blood cell transfusion dependency, and the cytogenetic
abnormalities (Table 2). This score ranked patients in four risk
groups, including low, intermediate 1, intermediate 2, and
high risk, with a median overall survival of 72, 31, 13, and
5 months, respectively. In these groups, the probability of
AML transformation at 5 years was 13, 29, 60, and 73 %,
respectively.

In 2013 also, gene mutations were introduced into CMML
scoring systems. Independent associations of genetic

variations in ASXLI, RUNXI, NRAS, CBL, TET2, EZH?2
[59], SRSF2 [60], SETBPI [61], and CSF3R [62] have been
associated individually with disease outcome. By sequencing
19 candidate genes (TET2, ASXLI, EZH2, IDHI, IDH?2,
DNMT3A4, SF3BI, SRSF2, ZRSF2, U2AF1, RUNXI, NPM1,
TP53, NRAS, KRAS, CBL, JAK2, FLT3, and KIT) in a cohort
of 312 patients [41+¢], we have shown that mutations in
ASXLI gene were the only gene alterations that predict overall
survival and AML transformation in multivariate analysis
(Table 2). Other significant parameters were age (older than
65 years), WBC, platelet count, and hemoglobin level. We
proposed a new prognosis scoring system that merges these
parameters to rank patients into three groups of significant size
(none including less than 20 % of patients) with low risk
(overall survival not reached), intermediate (overall survival
380.5 months), and high (overall survival 140.4 months) risk.
This score was validated on an independent cohort of 165
patients, and its validity was further confirmed recently in the
Mayo Clinic cohort of patients [63].

An international working group is now needed to merge
and validate existing databases, then definitely establish the
usefulness of detecting ASXLI mutations, and possibly other
molecular aberrations, to stratify patients into risk
groups that will guide the therapeutic choices. Such a
validation will lead to the standardization of new rou-
tine laboratory assays. The total number of gene muta-
tions in peripheral blood monocytes is another discrim-
inating prognostic factor [30e], but logistic issues still
preclude the implementation of whole exome/whole ge-
nome sequencing—or sequencing of a large panel of
candidate genes—in routine clinical practice.

CMML Treatment

Allogeneic stem cell transplantation is the first option to
consider in CMML patients, as it is the only therapy that
was demonstrated to alter the natural history of the disease
and to potentially cure some patients [22, 23]. Unfortunately,
this treatment is rarely feasible, due to the advanced age of
most patients. This is one of the reasons why there have been
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Table 2 The two CMML prog-

nostic scores that incorporate Variable scores Variable description Risk groups
molecular information [41ee,
5800] GFM (Groupe Francophone des My¢élodysplasies)

prognostic score

2 Age>65 Low=0-4
CMML-specific cytogenetic risk 3 WBC>15 g/L Intermediate=5-7
Qasmﬁcatlor}: low, nanal, and 2 Hb<110 (M) or 100 (F) g/L High=8-12
isolated-Y; intermediate, other ) Platelets<100 o/L
abnormalities; and high, trisomy atelets g
8, complex karyotype (>3 abnor- 2 ASXLI gene mutations
malities), and abnormalities of CPSS (CMML-specific prognostic scoring system)
chromosome 7. RBC transfusion 1 WHO subtype CMML-2 Low=0

dependency was defined as hav-
ing at least 1 RBC transfusion
every 8 weeks over a period of
4 months

WBC white blood cells, Hb
hemoglobin

—_ N = =

WBC =13 G/L
Intermediate-risk cytogenetic

High risk-cytogenetic

Intermediate 1=1
Intermediate 1=2-3
High=4-5

Red blood cell transfusion dependency

no randomized trial to precisely explore its impact in CMML
patients. Retrospective studies indicate that overall survival
ranges from 30 to 40 % [64—67]. Baseline factors that affect
transplantation efficacy remain controversial. Although vari-
able among series, relapse rate and treatment-related mortality
appear to be high in CMML patients as compared to those
with other diseases. The use of peripheral blood stem cells and
transplants from matched unrelated donors [65], the advent of
reduced intensity conditioning [68] and new options for
preventing or treating graft versus host disease [69], may
contribute to increase the number of allografted patients and
improve their survival.

In transplant-ineligible CMML patients, there is no firm
clinical guideline and very few clinical studies focused on this
disease. When the disease was individualized in the 1980s,
treatment options were confined to a “wait and watch” ap-
proach and best supportive care. These options are still con-
sidered in patients with nonproliferative, noncytopenic
CMML-1.

In 1996, a randomized trial dedicated to poor-risk
CMML patients demonstrated better overall survival in
CMML patients treated with 1,000 mg/day of oral hy-
droxyurea compared to 150 mg/week of oral etoposide
[70]. In the following years, hydroxyurea was largely
used when the disease became proliferative. Meanwhile,
several nonrandomized trials evaluated cytarabine [71],
all-trans retinoic acid [72, 73], farnesyltransferase inhib-
itors [74], topoisomerase I inhibitors [75], and histone
deacetylase inhibitors [76], with limited response rates
and significant toxicities.

The Food and Drug Administration has then approved two
hypomethylating agents, azacitidine (AZA) and decitabine for
the treatment of patients with CMML. In Europe, AZA only
has been approved for CMML patients with WBC<13 G/L and
bone marrow blasts between 10 and 29 %. If the pivotal
randomized studies that demonstrated the efficacy and safety
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of demethylating agents in MDS patients included a very small
number of CMML cases [14], several phase II trials testing
hypomethylating agents in CMML patients only have now
been completed [77]. Altogether, response rates range from
30 to 40 % and median overall survivals range from 1 to 3 years,
depending on the patient characteristics at baseline [78].

Multivariable analyses of several series suggested that bone
marrow blast percentage and WBC or monocyte counts at the
start of AZA therapy were the parameters that impacted the
overall survival rate [79]. In a prospective trial testing
decitabine in 39 patients with aggressive CMML, we ob-
served that overexpression of two known oncogenes, CJUN
and CMYB, could predict inferior response rate and survival,
respectively. On the other hand, neither gene mutations nor
hypermethylation of the TIF1y gene promoter was predictive
of response or survival [44], and long-term analysis of this
cohort suggested that decitabine could erase the nega-
tive prognostic impact of ASXL/ mutations in CMML
patients [80].

Nevertheless, the benefit of hypomethylating agents in
CMML patients remains controversial. Therefore, a random-
ized phase III trial testing decitabine versus hydroxyurea has
been launched in Europe. CMML patients are included if they
fulfill at least two severity criteria (marrow blasts higher than
5 %, clonal cytogenetic abnormality, hemoglobin lower than
100 g/L, absolute neutrophil count (ANC) higher than 16 G/L
in the absence of infection, platelet count lower than 100 G/L,
and splenomegaly) or if they show a documented
extramedullary lesion, including cutaneous infiltration and
pleural or pericardial effusion.

Emerging therapy include agents that may improve cyto-
penias such as thrombopoietin receptor agonists as
eltrombopag [81] or romiplostim [82, 83], used to promote
platelet production, or sotatercept, a chimeric protein contain-
ing the extracellular domain of the activin receptor 2A fused to
the Fc domain of the human IgGl, used to promote
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erythropoiesis [84]. There are some concerns with the use of
the thrombopoietin receptor agonist romiplostim about the
risk of promoting acute leukemia transformation and marrow
fibrosis, although this risk has still to be confirmed [83, 85].
Novel agents such as oral clofarabine (nucleoside ana-
log) and lenalidomide (immunomodulatory agent) are
also investigated.

New therapies could also intend to address GM-CSF hy-
persensitivity of CD38 expressing bone marrow myeloid pro-
genitor population, which is a characteristic feature of CMML
[30ee, 31e°]. In survival assays, myeloid progenitors are sen-
sitive to GM-CSF signal inhibition with KB003, an anti-GM-
CSF monoclonal antibody [30+¢]. However, the development
strategy of this antibody, which has been disappointing in the
treatment of severe asthma, is unknown. Based on the fact that
GM-CSF receptor signals through JAK2 and that
JAK2V617F mutation is identified in ~10 % of CMML pa-
tients, the safety and efficacy of JAK2 inhibition with
ruxolitinib is currently evaluated in a phase II trial
(moffitt.org/research—clinical-trials). The use of other JAK2
inhibitor with distinct spectrum of activity and the combina-
tion of these molecules with a demethylating agent could be
explored in the future. Other putative targets include small-
molecule inhibitors directed against STAT3/5, p38 mitogen-
activating protein kinases (MAPK), AKT, and P13K-
mTORC pathways.

Conclusion

Recent pathological investigations have strongly enforced the
distinctiveness of CMML among other myeloid malignancies.
Currently, disease treatment has to be considered in high-risk
patients, based on refined prognostic scores including cytoge-
netic or molecular information. Allogeneic stem cell trans-
plantation must be considered first in younger patients with
high-risk CMML, whereas older patients with co-morbidity
will be best suited for clinical trials comparing demethylating
agents to hydroxyurea or testing novel agents. Major ques-
tions and challenges are still to be addressed, including the
existence of pre-leukemic steps and the role of epigenetic,
bone marrow microenvironment, and immune response es-
cape in disease emergence and progression. The establishment
of a consensus international prognostic scoring system that
includes molecular alteration, and the definition of specific
response criteria, might facilitate the evaluation of new
therapeutic strategies in clinical trials specifically dedi-
cated to the disease.
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