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Opinion statement

treatment strategies with the capacity to improve survival are currently lacking. Clinical
features are heterogeneous and although the overall prognosis is poor, survival can vary
significantly between individuals. This reflects the need for an individualized treatment
approach which incorporates accurate risk stratification. Though numerous prognostic
scores exist, newer CMML-specific models incorporating molecular data should be favored.
While asymptomatic, low-risk patients should be observed until their disease progresses,
the majority of patients will require treatment. Due to a deficiency in treatments with
disease-modifying capacity, any patient who requires treatment should be considered for
enrollment in clinical trials evaluating novel therapeutic approaches. Allogeneic stem cell
transplant (allo-SCT) remains the only current therapy with the potential to cure the
disease and should be considered in most patients with intermediate- to high-risk disease.
However, substantial risks are involved and, in part, because of advanced age at diagnosis,
a minority of patients are candidates. Hypomethylating agents (HMAs) have become a
preferred treatment approach, and should be used in those with cytopenias. Patients
presenting with proliferative features can be treated with hydroxyurea to manage their
symptoms and control leukocytosis, though HMAs can be incorporated as well, particularly
in patients with higher risk disease. HMAs should also be considered in patients with a
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high burden of disease prior to proceeding with allo-SCT. Induction chemotherapy should
be reserved for younger, healthy patients who have transformed to acute myeloid leukemia
to induce remission prior to transplant. Supportive care utilizing transfusion support,
erythropoiesis-stimulating agents, and infection prevention measures should be incorpo-
rated into the care of all patients.

Introduction

Chronic myelomonocytic leukemia (CMML) is a clonal
myeloid neoplasm that is defined by the World Health
Organization (WHO) by a persistent peripheral
monocytosis (9 1 × 109 cells/L and 9 10% of the total
WBC count) and dysplastic changes in one or more line-
ages without defining features of a separate myeloprolifer-
ative neoplasm (MPN) [1•] (Fig. 1). It shares features of
myelodysplastic syndromes (MDS) and MPNs which has
led to an evolving classification since its initial description
in 1937, but is currently classified as a distinct entity within
the category of MDS/MPN syndromes by WHO [1•, 2]. It
is further subclassified byWHO into three groups (CMML-
0, CMML-1, andCMML-2) based on peripheral blood and
bone marrow blast count and by the FAB system into
myelodysplastic (MDS-CMML) and myeloproliferative
(MPN-CMML) subtypes based on awhite blood cell count
of G 13× 109/L or 9 13 × 109/L, respectively [1•, 3].

Although the exact incidence is unknown, epidemio-
logic data suggests that the annual incidence rate in the
USA is approximately 0.3 new cases per 100,000 patients,
though this is likely underrepresentative of the true rate [4].
It is a disease of older adultswith amedian age at diagnosis
of approximately 70 years old and amodestmale predom-
inance. The clinical features are heterogeneous, with MDS-
CMML typically manifesting with cytopenias and MPN-
CMML presenting with leukocytosis, splenomegaly, and
constitutional symptoms. Cytogenetic changes can be
identified in ~ 30% of patients while somatic mutations
can be identified in 9 90%of patients, with TET2 (~ 60%),
SRSF2 (~ 50%), ASXL1 (~ 40%), and RAS (~ 30%) the
most frequently mutated genes [5–8].

The overall prognosis is poor with an estimated me-
dian survival of 34 months and a risk of transformation
to acute myeloid leukemia (AML) of approximately
20% [9•]. There have been at least 10 risk stratification
systems used to prognosticate in CMML, some of which
were developed in populations of predominantly MDS
patients, while others are specific to CMML [7, 8, 10–16,
17•]. Each incorporates a unique set of overlapping
clinical and, in some cases, genetic features. As the un-
derstanding of genetic changes in CMMLhas progressed,
newer models have incorporated cytogenetic and mo-
lecular data with nonsense and frameshift mutations in
the ASXL1 gene most consistently demonstrating a neg-
ative impact on overall survival [7, 8, 17•].

Historically, treatment has been extrapolated from
studies of MDS, largely due to a lack of CMML-specific
clinical trials. Allogeneic stem cell transplant (allo-SCT)
remains the only potentially curative therapy; however,
many patients are not candidates. While other treat-
ments can be offered, none have clearly demonstrated
true disease-modifying activity and thus clinical trials
utilizing novel agents should be favored. Choice of ther-
apy is otherwise based on patient-specific factors, risk
stratification, and symptoms. Observation is a viable
option in a subset of patients, while supportive care with
transfusion support and erythropoiesis-stimulating
agents (ESAs) , cytoreduct ive therapies , and
hypomethylating agents (HMAs) can be considered in
others (Table 1). This review will further examine cur-
rently available treatment options as well as highlight
recent and ongoing advances in the therapy of CMML.

Current pharmacologic treatment
Risk-adapted therapy

Accurate risk stratification can be challenging in CMML, but is an important
aspect in appropriate treatment selection (Fig. 2). A number of models have
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been used over the past several decades to risk stratify CMML, with early models
developed in populations of predominantly MDS patients, some of which
excluded patients with proliferative CMML [10]. However, CMML-specific
models have since been developed which incorporate a number of clinical
variables such as age,WHO classification, FAB classification, bonemarrow blast
percent, laboratory data, and transfusion dependence [7, 8, 14–16, 17•]. Seven
prognostic models were compared in a study that included over 1800 patients
from 8 institutions [9•]. While each model evaluated was found to be valid, all
were susceptible to upstaging and none of the models in this study incorporated
molecular abnormalities. As our understanding of the molecular basis of CMML
has progressed, newer models have begun to include somatic mutation data.
Mutation of the ASXL1 gene has been shown in several studies to have a negative
impact on overall survival and is included in theGFMandMolecularMayomodels
while the CPPS-Mol model uses a genetic score that includes ASXL1 as well as
NRAS, RUNX1, and SETBP1 and cytogenetic risk [7, 8, 17•]. The previously
mentioned study of 1800 patients validated the adverse prognostic impact of
ASXL1 and also identified CBL mutation as an independent negative predictor of
survival. While no model has been shown to be superior, CMML-specific models
should be favored and the evaluation and incorporation of molecular abnormal-
ities should be considered in all patients as this data has been shown to indepen-
dently impact survival.

While the overall prognosis is poor, significant heterogeneity is observed
between individual patients and reflects the need for accurate risk stratification.

Table 1. Current pharmacologic treatment options in chronic myelomonocytic leukemia

Drug Indications Dosing and administration
Epoetin alpha or
darbepoetin alpha

Anemia in low-risk patients
(with erythropoietin level G 500 mU/mL)

40,000–60,000 units weekly or 150–300
mcg every 2–3 weeks (subcutaneous)

Hydroxyurea Cytoreduction in patients with proliferative
features, control of leukocytosis

Start at 1 g/day and titrate based on blood
counts (oral)

Azacitidine Cytopenias in intermediate- to high-risk
patients, bridging therapy prior to allo-HCT

75 mg/m2 daily for 7 days, repeated every
28 days (intravenous or subcutaneous)

Decitabine Same as for azacitidine 20 mg/m2 daily for 5 days, repeated every
28 days (intravenous)

Fig. 1. a Peripheral blood smear from a patient with CMML demonstrating monocytosis, dysplastic neutrophils, and a peripheral
blast. b Representative bone marrow aspirate from a patient with CMML showing dysplasia, blasts, and increased monocytic cells.
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All prognostic models have been shown to effectively stratify patients into
separate risk groups, with high-risk patients typically having a median OS in
the range of less than 1 year and an increased rate of leukemic transformation.
There is greater variability between studies in the predicted median OS among
low-risk patients, ranging from as short as 2 years to as long as 9 144 months,
though models incorporating molecular data seem to identify patients at the
high end of this range [17•].

The identification of truly low-risk patients is vital given the lack of disease-
modifying therapies and potential risks associatedwith treatment in comparison to
the potentially indolent course a subset of CMML patients may experience. In low-
risk patients who are not proliferative or symptomatic from their disease, observa-
tion is preferred until symptoms arise or evidence of clinical disease progression

Fig. 2. Algorithm for initial treatment of chronic myelomonocytic leukemia. CMML, chronic myelomonocytic leukemia; ESA,
erythropoiesis-stimulating agent; HMA, hypomethylating agent; HLA, human leukocyte antigen; Allo-SCT, allogeneic stem cell
transplant. The asterisk indicates that supportive care should be incorporated into the treatment of all patients. The plus sign
indicates all patients who require treatment should be considered for enrollment in a clinical trial.
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emerges. This strategy may help prevent unnecessary treatment-related morbidity
and mortality and can allow for treatment-free intervals of several years in some
patients. On the contrary, the benefits of treatment are more likely to outweigh
associated risks in higher risk patients, and those that are candidates should be
considered for allo-SCT. Pharmacologic treatment in such patients should be
directed at symptoms, with cytoreductive therapies preferred for those with prolif-
erative features and HMAs appropriate for those with significant cytopenias.

Allogeneic stem cell transplant
At this time, allo-SCT remains the only therapy in CMML with the poten-
tial to cure the disease and should be a consideration in nearly all patients.
However, with a median age at diagnosis of approximately 70 years and
frequent comorbid conditions, many patients are not candidates. The
decision to proceed must factor in donor availability, patient’s preferences,
and a detailed risk-benefit assessment which can be aided by risk assess-
ment tools such as the HCT-CI score and is best performed by an experi-
enced transplant physician [18].

While a number of studies have retrospectively evaluated allo-SCT in
CMML, no prospective studies have been performed. The largest study to
date was done by the European Group for Blood and Marrow Trans-
plantation and included 513 CMML patients [19••]. They reported a 4-
year OS and relapse-free survival of 33% and 27%, respectively, and
found that complete response (CR) at time of transplant was the only
predictor of survival. In a long-term follow-up study of 85 patients
treated at a single institution, the 10-year OS was 40% with a 10-year
non-relapse mortality (NRM) of 34% [20]. At 10 years, 27% of patients
had relapsed (24% in the first 2 years) which was predicted by increased
MDAPS score, while increasing age, higher HCT-CI score, and high-risk
cytogenetics were predictors of inferior survival. Although these studies
demonstrate long-term survival in a subset of patients, the median ages
at transplant were 53 years and 51 years, respectively, significantly
younger than most patients with the disease. Reduced intensity condi-
tioning regimens can increase access to allo-SCT in older patients, and,
while studied largely in populations of MDS, decrease NRM without
compromising OS [21–24].

There are substantial risks involved and, for this reason, low-risk pa-
tients who are asymptomatic may elect to delay transplant until their
disease progresses. However, higher risk patients with CMML have a poor
prognosis and allo-SCT should be the treatment of choice, particularly in
younger patients without significant comorbidities. Bridging therapy prior
to transplant should be considered given the potential for improved out-
comes in patients in CR at time of transplant [19••]. Studies in MDS have
also suggested that increased disease burden at time of transplant has a
negative impact on outcomes, with some suggesting therapy prior to
transplant in patients with 9 10% bone marrow blasts, particularly when
receiving non-myeloablative regimens [25]. Safety and efficacy of HMA use
prior to transplant have been established in several trials in MDS [26–28].
Kongtim et al. evaluated outcomes in 83 patients with CMML (36 of
whom had progressed to AML) treated with HMAs or induction
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chemotherapy and found that treatment with a HMA and achievement of
G 5% blasts prior to transplant were associated with a lower rate of relapse
and improved PFS, without an increased NRM [29•].

Hypomethylating agents
The hypomethylating agents azacitidine and decitabine have become widely
used therapies in the treatment of CMML. Both are cytidine nucleoside ana-
logues that have been shown to incorporate into DNA causing irreversible
binding to DNA methyltransferases, global hypomethylation of DNA and
induction of DNA damage, though with drug-specific effects on gene expres-
sion, protein expression, and cell cycle [30, 31]. Both were approved based on
randomized controlled trials (RCTs) demonstrating their safety and efficacy in
MDS patients, including the pivotal AZA-001 study which demonstrated an
improved overall survival in patients treated with azacitidine [32–34]. Howev-
er, a total of just 44 out of the 719 patients that were collectively enrolled in
these studies had CMML.

Since their initial approval, the use of these agents in CMML-specific
populations has been explored, though no large RCT has been complet-
ed. A number of phase 2 studies have validated their use in CMML,
demonstrating a median OS of 12 to 37 months and overall response
rates ranging from 26 to 69%, comparable to those observed in larger
RCTs performed in MDS [35–42, 43••]. Cytogenetic responses were seen
and although several studies demonstrated an improved OS in re-
sponders, randomized prospective studies are needed to confirm true
disease-modifying activity of these agents [37, 38, 40, 41, 43••]. In
multivariate analyses, Ades et al. demonstrated inferior survival in
azacitidine-treated patients who had bone marrow blasts 9 10% or pal-
pable splenomegaly [41]. In a separate study, no genetic predictor of
response could be identified when mutation status of ASXL1, RUNX1,
JAK2, NRAS, KRAS, TET2, CBL, and FLT3 was evaluated [37]. However, a
non-statistically significant trend toward improved response rate was
seen in patients with mutations in TET2 (54% vs. 28%, p = 0.17), a
predictor of response that has been demonstrated in patients with
MDS and AML treated with HMAs [44–46]. Improved response rates
have also been suggested in patients with MDS-CMML vs. MPN-CMML,
though responses were seen in both groups [43••]. A single-center,
retrospective study of 151 patients identified age G 70 years, lower CPSS
cytogenetic risk, absence of peripheral blasts, and higher hemoglobin
levels as predictors of improved OS with HMA therapy and also dem-
onstrated a higher rate of CR in those treated with decitabine compared
to azacitidine (58.3% vs. 20.6%, p G 0.001) [47•]. The same study dem-
onstrated that similar to patients with MDS, prognosis after failure of
HMA therapy in patients with CMML is dismal, with a median OS of
7 months from time of relapse.

Though they have not been definitively shown to alter the natural
history of disease, activity of these agents in CMML has clearly been
demonstrated and these agents should be considered a standard treat-
ment option. Their use is preferred in intermediate- to high-risk patients
with MDS-CMML and in those manifesting with significant cytopenias.
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However, they can also be used in patients with proliferative features,
particularly high-risk patients and those who fail to respond to
cytoreductive therapy alone. They are well tolerated by most patients,
with myelosuppression the most frequently observed adverse effect,
though constipation is also frequently reported. Though improved CR
rates with decitabine were observed in a single study, these agents have
not been compared head to head in prospective studies and neither is
clearly superior, though the authors favor decitabine in patients with
proliferative features [47•]. Patient comorbidities as well as preferences
in the dosing schedule (7 day vs. 5 day) and route of administration
(intravenous vs. subcutaneous) may be used in agent selection. Oral
forms of decitabine (ASTX727) and azacitidine (CC-486) are currently
under development for use in hematologic malignancies and may pro-
vide a more convenient option in the future [48, 49].

Cytoreductive therapy
Prior to the approval of azacitidine and decitabine, cytoreductive therapies were
the cornerstone of treatment in CMML. Historically, a number of agents includ-
ing topotecan, low-dose cytarabine, and etoposide have been used, with only
modest activity [50]. However, a randomized trial comparing hydroxyurea
(starting dose of 1 g/day) to etoposide in 105 CMML patients with proliferative
features demonstrated increased response rates (60% vs. 36%) and improved
survival (median OS of 20 vs. 9 months) with hydroxyurea treatment [51].
Along with its ease of use and tolerance, hydroxyurea is now considered
standard therapy for those requiring cytoreduction.

MPN-CMML classification and a number of associated laboratory findings
including WBC and absolute monocyte count have been predictive of inferior
OS in most prognostic scores [7, 8, 13, 15, 16, 17•]. Additionally, clinical
features such as constitutional symptoms (fever, weight loss, fatigue, night
sweats) and splenomegaly are commonly observed and can have a profound
impact on a patient’s quality of life. While cytoreductive therapies have not
been clearly shown to impact the negative effect this phenotype has on prog-
nosis, they can dramatically improve symptoms and normalize the WBC in
those with significant leukocytosis. Hydroxyurea can be considered in patients
in any risk group presenting with proliferative symptoms. However, in asymp-
tomatic patients with leukocytosis, there is no consensus value at which to
initiate therapy or target WBC value that should be achieved. Given the time to
response seen with HMA therapy, hydroxyurea can also be considered in
patients with proliferative features initiating such therapy until response is
attained, as has been done in clinical trials of HMA therapy [37]. Intensive
induction-type chemotherapy regimens have not been well studied in CMML
and have shown only modest efficacy with the potential for treatment-related
mortality in studies of MDS [52, 53]. Their use should generally be limited to
patients with high blast counts or evolution to AML prior to proceeding with
allo-SCT [54].

Supportive care
Expectantmanagement is preferred in low-risk, asymptomatic patients, butmay
also be considered in elderly or frail patients in whom the potential for therapy-
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related complications is greatest. Regardless of age, performance status or
additional therapies pursued, supportive measures are a vital component of
treatment in all patients with CMML. There is minimal data to guide practice in
CMML patients, and thus recommendations parallel guidelines developed in
MDS. All patients should have blood counts monitored routinely to evaluate
for complications or progression of disease. The risk of infection is increased, a
feature that all patients should be counseled on and monitored closely for as
this is a leading cause of death. Preventive measures including influenza and
pneumococcal vaccination should be provided, while the use of myeloid
growth factors and prophylactic antibiotics is generally not recommended.

In patients with anemia, erythropoiesis-stimulating agents (ESAs) should be
considered. ESAs are capable of increasing hemoglobin levels and decreasing
transfusion requirements, with response predicted by lower baseline erythro-
poietin (EPO) levels [55]. Transfusion support should be provided based on
standard indications with treatment thresholds developed on an individualized
basis. Patients with chronic transfusion dependence should be monitored for
iron overload. Chelation therapy can be considered with a history 9 20 trans-
fusions and/or ferritin 9 1000 mcg/L, though the benefit remains unclear and
chelators are often poorly tolerated [56–58].

Emerging therapies under development

Despite responses seen to current therapies with potential improvements in
symptoms and hematologic parameters, there is currently a lack of therapies
with proven disease-modifying capacity in CMML. All patients should be
considered for therapeutic clinical trials both to allow patients access to novel
therapies and to further our understanding of the disease. Multiple strategies are
currently being explored in the treatment of CMML, from unique combinations
or modifications of existing therapies to novel therapies targeting the unique
pathophysiology of CMML.

Already a standard treatment option in CMML, hypomethylating agents
continue to be explored. There is currently a phase 3 randomized trial compar-
ing decitabine ± hydroxyurea in proliferative CMML underway in France, where
decitabine is only approved in MDS-CMML (NCT02214407). ASTX727, oral
decitabine combined with the cytidine deaminase inhibitor cedazuridine,
showed equivalent pharmacokinetics, safety, and efficacy to that of IV
decitabine in a phase 2 study, with a randomized phase 3 study comparing it
directly to IV decitabine currently underway [48]. An oral form of azacitidine
(CC-486) is also being developed in myeloid malignancies with promising
activity in early trials including responses seen in patients with prior HMA
failure, with phase 3 studies ongoing [49, 59, 60]. Guadecitabine (SG-110) is
a novel dinucleotide of decitabine rendering it resistant to degradation by
cytidine deaminase that is under development with promising phase 2 data
in MDS and CMML [61, 62].

Our group has demonstrated that CMML is characterized by hematopoietic
stem and progenitor cell hypersensitivity to GM-CSF, a pathway that was
targetable with anti-GM-CSF antibodies and JAK2 inhibitors in preclinical study

67 Page 8 of 14 Curr. Treat. Options in Oncol. (2018) 19: 67



[63]. This has led to clinical study of the JAK2 inhibitor ruxolitinib, which is
already approved in other MPNs including primary myelofibrosis. Safety and
efficacy were demonstrated in phase 1 and preliminary phase 1/2 data, partic-
ularly in patients with proliferative symptoms and splenomegaly, with final
data from the combined phase 1/2 study to be reported in the near future [64•,
65]. Pacritinib, a JAK2 inhibitor with a unique spectrum of anti-tyrosine kinase
activity, including FLT3, has shown preclinical promise when combined with
HMAs with initial clinical study underway [66]. Lenzilumab (KB003) is an anti-
GM-CSF monoclonal antibody that has been studied in asthma and rheumatoid
arthritis, which has demonstrated preclinical activity in CMML and recently
completed enrollment in a phase 1 trial with results not yet reported [63].

Therapies targeting the unique molecular abnormalities in CMML also
present a promising therapeutic strategy. Mutations in spliceosome encoding
genes such as SRSF2, SF3B1, and U2AF1 are seen in over half of patients with
CMML. The oral spliceosome modulator H3B-8800 has shown preclinical
activity in cell and xenograft models of spliceosome-mutant malignancies with
a phase 1 study in AML, MDS, and CMML patients currently open [67, 68]. RAS
mutations are seen in 30% of CMML patients with additional activation of the
MAPK pathway seen via separate mechanisms, making inhibition of this path-
way a potential therapeutic target. Trametinib, an inhibitor of the downstream
signaling mediator MEK, has shown single-agent efficacy in a phase 2 study of
RASmutantmyeloidmalignancies, including CMML, and likely holds potential
in combination regimens [69]. Tipifarnib, a farnesyltransferase inhibitor that
blocks an important post-translational modification of RAS, has shown prom-
ise in preliminary data from a phase 2 study in CMML as well as prior phase 2
data in MDS [70, 71]. Additionally, there have been recent approvals of drugs
targeting both mutant IDH1 and IDH2 and, while IDH1/2mutations are found
in only ~ 5% of patients with CMML, this may represent a therapeutic strategy
in this subset of patients.

SL-401 is a recombinant IL-3-diphteria toxin fusion protein selectively
targeting the IL-3 receptor, CD123, which is expressed in both neoplastic myeloid
cells as well as cells in the microenvironment. It is currently being studied in
hematologic malignancies including CMML and blastic plasmacytoid dendritic
cell neoplasm (BPDCN), with phase 2 studies ongoing and promising interim
data presented at the European Hematology Association meeting in June, 2018
[72, 73]. Though the use of immunotherapy in myeloid neoplasms has not kept
pace with advances in other malignancies, it continues to be investigated. The
immune checkpoint proteins PD-1, CTLA4, PD-L1, and PD-L2 are expressed in
malignant myeloid cells with upregulation demonstrated following treatment
with HMAs [74]. A clinical trial exploring the combination of azacitidine with
nivolumab or ipilimumab or both is currently being conducted (NCT02530463).
Adoptive cell therapy with the use of chimeric antigen receptor (CAR) expressing T
cells and NK cells is also being explored in myeloid malignancies [75].

Finally, therapies designed to specifically target cytopenias are under investi-
gation. Luspatercept and sotatercept, both of which are fusion proteins involving
the human activin receptor (type IIB and IIA, respectively) and Fc portion of IgG,
have shown promise in treating anemia in lower risk MDS patients [76, 77].
Eltrombopag, a thrombopoietin receptor agonist, is also under evaluation in
CMML patients with thrombocytopenia, though concerns have been raised
regarding potential for increased blast counts and transformation to AML [78].
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