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Introduction: Chronic myelomonocytic leukemia (CMML) is a rare hematological malignancy bearing of both myelodysplastic
syndrome and myeloproliferative neoplasm characteristics. Despite the low incidence, the clinical diagnosis of CMML was difficult
and the survival was poor. The optimal first-line therapy for CMML still remains a matter of debate.

Methods: We retrospectively analyzed the clinical characteristics of 66 CMML patients in a single center during the past 10 years and
studied the survival status of CMML patients in the real world and the influence of treatment methods on the prognosis of patients.
Results: For the 66 CMML patients, the median age was 60 years old (IQR 47.0-67.0), and an approximately 1.6:1.0 male-to-female
ratio was found. CMML-0, CMML-1 and CMML-2 accounted for 13.7% (9/66), 43.9% (29/66) and 42.4% (28/66), respectively. The
chromosome abnormality rate was 27.2% (18/66). Gene mutation was detected in 60 patients by sequenced in first-generation with
51.1% (22/43) gene mutations and in NGS with 82.3% (14/17) gene mutations. The top three mutation genes were ASXLI™" (11/60,
18.3%), TET2MT (10/60, 16.7%), and SRSF2 ™7 (9/60, 15.0%). There were 27 patients in supportive therapy group, and 39 patients in
chemotherapy group including patients undergoing HSCT. Patients in chemotherapy group showed better OS than those in the
supportive group before and after PSM analysis with p < 0.05. Patients with blast cell in bone marrow >10% or WHO CMML-2
benefited more from chemotherapy treatment achieving better OS. Multivariate analysis showed that supportive therapy and inter-
mediate-2/high in CPSS were independent risk factors for OS after PSM.

Discussion: Chemotherapy including hypomethylating agents prolonged overall survival of CMML patients, especially in patients
with blast cell >10% in bone marrow or WHO CMML-2 comparing with supportive therapy. Sequencing may provide direct insight
into the molecular mechanism by detection of gene mutation, enabling personalized treatment in the future.
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Introduction

Chronic myelomonocytic leukemia (CMML) is a rare, age-related clonal hematological malignancy bearing characteristics of
both myelodysplastic syndromes (MDS) and myeloproliferative neoplasms (MPN). Originally, CMML was classified by the
French—American—British (FAB) working group as a separate variant of MDS." In 2001, the World Health Organization
(WHO) classification defined CMML as a new group, referred to as MDS/MPN syndromes combining both MDS and MPN
features.” CMML is characterized by sustained peripheral blood monocytosis (>1x10°/L and >10% of WBC differential) and
an inherent tendency of 15-20% over 3-5 years for transformation to acute myeloid leukemia (AML).> In addition to
dysplastic and proliferative types, CMML is subclassified into three variants as CMML-0, CMML-1 and CMML-2 based on
the percentage of blasts in the peripheral blood and bone marrow.*> These groups are also associated with prognostic
significance.® The CMML-specific Prognostic Scoring System (CPSS) uses four variables (FAB and WHO CMML subtypes,

International Journal of General Medicine 2022:15 7843-7854 7843
Received: 11 May 2022 © 2022 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY NG hp and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

php P P p: {3 Y- Y g

Accepted: 16 September 2022
Published: 18 October 2022

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-5019-2379
http://orcid.org/0000-0002-3431-1953
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wang et al Dove

erythrocyte transfusion dependence and cytogenetic findings) to classify patients into four risk groups (low, intermediate-1,
intermediate-2 and high risk).” CPSS could predict the survival of CMML patients and the risk of leukemia transformation.
Recurrent somatic mutations were very common in CMML patients and have predictive significance for prognosis® but have
not been included in the prediction model at present. Due to the low incidence and lack of research, the optimal first-line
therapy for CMML still remains a matter of debate. Hypomethylating agents (HMA) are currently the only Food and Drug
Administration (FDA) approved therapy for patients with CMML. In general, objective response rate (ORR) of HMA in
CMML patients ranged from 40% to 50% with true complete response (CR) rates of <20%,” whereas HMA treatment did not
confer an overall survival advantage for patients with lower-risk diseases, ie, dysplastic (MD) CMML with <10% blasts and
lower risk CPSS."” Allogeneic hematopoietic stem cell transplantation (Allo-HSCT) remains the only curative treatment
option for patients with CMML. However, the median age at diagnosis for CMML was over 70 years in literatures.'' Due to
the rather old age and comorbidity, allogeneic hematopoietic stem cell transplantation (HSCT) is not available for most
patients when diagnosed. In this study, we retrospectively analyzed the clinical characteristics, bone marrow features,
treatment outcomes and prognosis factors of CMML in patients diagnosed in our single center in the past 10 years.

Materials and Methods

Patients
From Jan 2011 to Dec 2020, inpatients with abnormal blood test results in the department of hematology from our single
center were retrospectively analyzed. The inclusion criteria of CMML patients diagnosed according to the WHO 2016
criteria were as follows:® 1) Presence of persistent (>3 months) peripheral blood monocytosis >1x10°/L, with monocytes
constituting >10% of the white blood cell count differential; 2) Not meeting WHO criteria for BCR-ABL1 driven chronic
myeloid leukemia, essential thrombocythemia, polycythemia vera or primary myelofibrosis; 3) No evidence for PDGFRA
or PDGFRB rearrangements, and the absence of FGFR1 rearrangements or the PCM1-JAK2 fusion in the context of
concomitant eosinophilia; 4) <20% blasts/blasts equivalent (promonocytes, monoblasts and myeloblasts) in the peripheral
blood and bone marrow; 5) Dysplasia in one or more myeloid cell lineages. If myelodysplasia is absent or minimal, the
diagnosis of CMML may still be made if the other requirements are met; 6) An acquired clonal cytogenetic or molecular
genetic abnormality (TET2, ASXL1, SRSF2 and SETBP1) is present in hemopoietic cells. The exclusion criteria were as
follows: 1) Patients with hematological disorders, including benign blood disorders, etc.; 2) patients with age less than 18.
This retrospective study was approved by the Ethics Committee of Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, and was in agreement with the Declaration of Helsinki. The informed consent was
waived by the Ethics Committee of Tongji Hospital, and the privacy and confidentiality of the patients were guaranteed.
Treatment and follow-up supportive therapy group included hydroxyurea monotherapy, and induction chemotherapy group
included hypomethylating agents as decitabine (10mg-20mg/m?/day for 5 days) or azacytidine (75mg/m?/day during 57
days, every 28 days), intensive chemotherapy for at least one cycle with HAG (low-dose HHT 1-2 mg/m? on days 1-14;
low-dose Ara-C 10 mg/m?, Q12h on days 1-14 and G-CSF 200 pg/m?, on days 1-14);'* CAG (low-dose cytarabine 10mg/
m?, Q12h on days 1-14); aclarubicin 10mg/d on days 1-8, and G-CSF 200 pg/m? on days 1-14);'* DA (Daunorubicin
45mg/m?® for 3 days and Ara-C 100mg/m? for 7 days)."* Treatment was determined according to patients’ willingness.
Patients enrolled into our study underwent component blood transfusion and anti-infection treatment when necessary.
Hematopoietic stem cell transplantation (HSCT) and supportive care were provided in a risk-adapted and priority-based
manner. Karyotypes were classified as low risk (normal karyotype and isolated loss of Y chromosome), poor risk (trisomy
8, abnormalities of chromosome 7, and complex karyotype with >3 chromosomal abnormalities) and intermediate risk (all
other chromosomal abnormalities) use in CPSS."> Clonal hematopoiesis was defined as patients with at least one myeloid
gene mutation (NPM1, DNMT3A, TET2, SRSF2, TP53, ASXL1, JAK2, FLT3-ITD, IDHI, EZH2, U2AF1, KRAS, SETBPI,
RUNXI, ADAMTS13) and a minimum variant allele fraction of >2% in peripheral blood.

Study Endpoints
The primary endpoint was overall survival (OS), which was measured from the time of diagnosis to the time of last follow-up
or death of any cause. The secondary endpoint was leukemia transformation. Leukemia transformation was defined as blast
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cells >20%, and the time to leukemia transformation was measured from the time of diagnosis to the onset of AML according
to the WHO 2016 criteria. The endpoint of follow-up was March 2022.

Propensity Score Matching

Propensity score matching (PSM) analysis was used to reduce the bias in treatment selection. Patients in supportive
therapy group and chemotherapy group were matched by PSM method as previously described.'® A logistic regression
model was applied to calculate the propensity score for an individual given the covariates of age, gender, albumin and
bone marrow dysplasia in smear. 1:1 nearest neighbor matching with a caliper of 0.05 and without replacement was used

to minimize the conditional bias.

Statistical Analysis

Categorical variables are presented as percentages (%) and analyzed by Chi-square test. Continuous variables are
presented as mean + standard deviation (SD). Student’s #-test was used for normally distributed data, and Mann—
Whitney U-test was used for non-normally distributed data. Survival curves before and after PSM were depicted by
the Kaplan—Meier method and compared by Log rank test. Univariate and multivariate analysis were performed using

Cox proportional hazards regression model. SPSS version 25.0 (SPSS Inc.) was used for statistical analysis.

Results

Baseline Characteristics

From Jan 2011 to Dec 2020, a total of 8540 patients with abnormal blood test from our single center were retrospectively
reviewed. With the inclusion and exclusion criteria, 66 patients with CMML were enrolled into analytic cohort
(Supplementary Figure 1). There were 27 patients in supportive therapy group, and 39 patients in chemotherapy group

including patients undergoing HSCT (Figure 1).

Baseline characteristics of patients before and after PSM are summarized in Table 1. The proportion of patients with
decreased level of serum albumin (<30g/L) in supportive therapy group (29.6%) was higher than that in chemotherapy
group (10.3%) (p = 0.045). More patients in chemotherapy group (66.7%) presented single/multiple- linecage bone
marrow dysplasia in smear, comparing with patients in supportive group (40.7%) (p = 0.037). The other characteristics
between two groups were comparable without statistical differences, including age, gender, hematologic parameters,
bone marrow morphology, WHO and CPSS score. After PSM analysis, 23 matched pairs were obtained from each group

and there were no significant differences among these characteristics in two groups.

| 66 patients with CMML |
2 : ¥
Induction chemotherapy Supportive therapy
(n=39) (n=27)
] I
i ' ) ] )
Hypomethylating Intensive Hematopoietic Hydroxyurea Transfusion alone
agents (HMAs) chemotherapy stem cell + transfusion (n=14)
alone (n=24) transplantation (n=13)
(n=11) (n=4)
HMAs+cytotoxic
chemotherapy
(n=24)
Figure | Distribution of treatment pattern of 66 patients.
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Table | Characteristics of the Study Patients Before and After Propensity Score Matching

Before Propensity Matching

After Propensity Matching

Supportive Therapy Chemotherapy* P Supportive Chemotherapy* P
(n=27) (n=39) Therapy (n=23) (n=23)
Age (year) (n (%))
<60 11 (40.7%) 21 (53.8%) 0295 9 (39.1%) 12 (52.2%) 0375
260 16 (59.3%) 18 (46.2%) 14 (60.9%) 11 (47.8%)
Gender (n (%))
Male 17 (63.0%) 25 (64.1%) 0925 16 (69.6%) 16 (69.6%) 1.000
Female 10 (37.0%) 14 (35.9%) 7 (30.4%) 7 (30.4%)
WABC (x107/L) (n (%))
<13 14 (51.9%) 16 (41.0%) 0385 14 (60.9%) 11 (47.8%) 0375
=13 13 (48.1%) 23 (59.0%) 9 (39.1%) 12 (52.2%)
Hb (g/L) (meantSD) 72.137£17.861 74.936+19.078 0.550 | 74.522+16.393 75.891£21.510 0.809
Neutrophil count (meantSD) 15.394+21.906 16.635+23.634 0.830 | 13.909+21.109 15.666+27.595 0.809
Lymphocyte count (meantSD) 2.849+2.253 4.475+4.820 0.071 | 2.335+1.900 4.248+5.043 0.100
Lymphocyte percent (%) (meantSD) 19.430£14.157 16.850%11.339 0415 | 19.200£14.061 18.500£13.178 0.863
PLT (x10°/L) (meantSD) 90.963+123.101 165.869+269.059 0.182 | 88.217+132.352 133.213£132.528 0.255
Albumin (g/L) (n (%))
<30 8 (29.6%) 4 (10.3%) 0.045 | 5 (21.7%) 4 (17.4%) 0.710
230 19 (70.4%) 35 (89.7%) 18 (78.3%) 19 (82.6%)
Blast cell percent (%) in PB (meantSD) 3.296+4.037 2.308+2.897 0.251 | 3.304+3.936 2.022+2.902 0.215
Blast cell percent (%) in BM (meantSD) | 9.370+7.038 8.564+4.685 0.578 | 8.261+5.045 7.891+4.426 0.793
Bone marrow dysplasia in smear (n (%))
Absent 16 (59.3%) 13 (33.3%) 0.037 | 12 (52.2%) 13 (56.2%) 0.767
Single/multi-lineage 11 (40.7%) 26 (66.7%) 11 (47.8%) 10 (43.5%)
Megakaryocyte dysplasia in smear (n (%))
Yes 9 (33.3%) 20 (51.3%) 0.149 | 9 (39.1%) 10 (43.5%) 0.765
No 18 (66.7%) 19 (48.7%) 14 (60.9%) 13 (56.2%)
Bone marrow dysplasia in biopsy (n (%))
Absent 13 (48.1%) 19 (48.7%) 0.964 | 12 (52.2%) 14 (60.9%) 0.552
Single/multi-lineage 14 (51.9%) 20 (51.3%) 11 (47.8%) 9 (39.1%)
WHO (n (%))
CMML-0 5 (18.5%) 4 (10.3%) 0313 | 4 (17.4%) 2 (8.7%) 0.312
CMML-I 9 (33.3%) 20 (51.3%) 8 (34.8%) 13 (56.2%)
CMML-2 13 (48.1%) 15 (38.5%) Il (47.8%) 8 (34.8%)
Chromosome karyotype (n (%))
Normal 13 (48.1%) 31 (79.5%) 0.138 14 (60.9%) 17 (73.9%) 0345
Abnormal 10 (37.0%) 8 (20.5%) 9 (39.1%) 6 (26.1%)
CPSS (n (%))
Low 7 (25.9%) 17 (43.6%) 0.392 | 6 (26.1%) 9 (39.1%) 0.586
Intermediate- | 10 (37.0%) 14 (35.9%) 9 (39.1%) 9 (39.1%)
Intermediate-2 9 (33.3%) 7 (17.9%) 7 (30.4%) 5 (21.7%)
High 1 (3.7%) 1 (2.6%) 1 (4.3%) 0 (0%)

Notes: Data are presented as mean+SD or n/N (%). *Chemotherapy group included patients underwent Hematopoietic Stem Cell Transplantation (HSCT).
Abbreviations: WBC, white blood cell; Hb, hemoglobin; PLT, platelet count; CPSS, CMML-specific Prognostic Scoring System; PB, Peripheral blood; BM, bone marrow.

Survival Analysis

Patients in chemotherapy group showed better OS than those in the supportive group before and after PSM analysis with

p < 0.05 (Figure 2A and B). However, there was no statistically significant difference in survival duration without

leukemia transformation in both groups before and after PSM analysis with p = 0.272 and p = 0.127, respectively

(Figure 2C and D). There was a trend for leukemia transformation in supportive therapy group according to survival

curves, but the result was not statistically significant.
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Figure 2 Kaplan—Meier curves of survival and leukemia transformation rates for CMML patients who underwent supportive therapy or chemotherapy (A and B), the
Kaplan—Meier curves of OS; (C and D), the Kaplan—Meier curves of leukemia transformation rates.

Subgroup analysis of OS showed that specific subgroups may benefit more from chemotherapy treatment (Table 2).
For patients with blast cell in bone marrow >10% or WHO CMML-2, chemotherapy treatment achieved better OS with
p = 0.003 (Figure 3A and B) and p = 0.002 (Figure 3C and D), respectively.

Risk Factor Analysis

In the PSM cohort, treatment (p = 0.035), chromosome karyotype (p = 0.011) and CPSS (p = 0.036) were considered as
risk factors for OS in univariate analysis with statistical differences (Table 3). Taken into the clinical significance of these
variables, age, WBC count, serum albumin, and bone marrow dysplasia in smear were added into multivariate analysis
regardless of no significant difference in univariate analysis statistically. Chromosome karyotype was excluded since its
risk for OS can be partially reflected by CPSS. Multivariate analysis showed that supportive therapy (p = 0.023), single/
multi-lineage of bone marrow dysplasia in smear (p = 0.071) and intermediate-2/high in CPSS (p = 0.010) were
independent risk factors for OS after PSM. No risk factor was determined in univariate or multivariate analysis for
survival without leukemia transformation after PSM analysis (Supplementary Table 1).

Discussion

CMML is a clonal neoplastic hematopoietic stem cell disorder characterized by dysplasia, monocytosis, and increased risk of
transformation to secondary AML (sSAML).® Diagnosis of CMML is complicated due to overlapping features of MDS and
MPN, the high heterogeneity of clinical presentation, and the absence of specific indicators for CMML.'” There are several
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Table 2 The Risk Analysis for Overall Survival of Patients After Propensity Score Matching Analysis

Subgroup Supportive Therapy | Chemo- Therapy* Hazard Ratio P
(n=23) (n=23) (95% CI)

Age (year)

<60 9 (39.1%) 12 (52.2%) 0.512 (0.201-1.308) 0.162

260 14 (60.9%) Il (47.8%) 0.541 (0.222-1.322) 0.178
Gender

Male 16 (69.6%) 16 (69.6%) 0.515 (0.238-1.116) 0.093

Female 7 (30.4%) 7 (30.4%) 0.443 (0.128-1.536) 0.199
WBC (x10°/L)

<13 14 (60.9%) Il (47.8%) 0.500 (0.229-1.092) 0.082

213 9 (39.1%) 12 (52.2%) 0.557 (0.225-1.379) 0.206
Hb (g/L)

<60 6 (26.1%) 5 (21.7%) 0.344 (0.083-1.429) 0.142

260 17 (73.9%) 18 (78.3%) 0.555 (0.267—1.151) 0.113
Albumin (g/L)

<30 5 (21.7%) 4 (17.4%) 0.270 (0.030-2.452) 0.245

230 18 (78.3%) 19 (82.6%) 0.626 (0.313—1.248) 0.183
Blast cell in PB (%)

<? 18 (78.3%) 21 (91.3%) 0.576 (0.291-1.139) 0.113

=5 5 (21.7%) 2 (8.7%) 0.268 (0.031-2.333) 0.233
Blast cell in BM (%)

<10 13 (56.5%) 17 (73.9%) 0.924 (0.454-1.879) 0.827

=10 10 (43.5%) 6 (26.1%) 0.082 (0.011-0.636) 0.017
Bone marrow dysplasia

Absent 12 (52.2%) 13 (56.5%) 0.547 (0.266—1.125) 0.101

Single/multi-lineage Il (47.8%) 10 (43.5%) 0.440 (0.157-1.235) 0.119
Megakaryocyte dysplasia

No 14 (60.9%) 13 (56.5%) 0.503 (0.217-1.166) 0.109

Yes 9 (39.1%) 10 (43.5%) 0.379 (0.125—1.145) 0.085
WHO

CMML-0 and CMML-I 12 (52.2%) 15 (65.2%) 0.866 (0.386—1.943) 0.727

CMML-2 Il (47.8%) 8 (34.8%) 0.162 (0.043-0.615) 0.008
Chromosome karyotype

Normal 14 (60.9%) 17 (73.9%) 0.668 (0.352—-1.271) 0.219

Abnormal 9 (39.1%) 6 (26.1%) 0.361 (0.097—-1.349) 0.130
CPSS

Low & intermediate-| 15 (65.2%) 18 (78.3%) 0.619 (0.327-1.172) 0.141

Intermediate-2 and high 8 (34.8%) 5 (21.7%) 0.360 (0.092—-1.413) 0.143

Notes: *Chemotherapy group included patients underwent Hematopoietic Stem Cell Transplantation.

criteria used in clinic to diagnose CMML, such as persistent absolute monocytosis of >1 x 10%/L, with monocytes accounting
for more than 10% in peripheral blood, dysplasia in one or more bone marrow cell lineage, and the absence of genetic
rearrangements in the PDGFRA, FDGFRB, and FGFRI genes and the PCM1-JAK2 and BCR-ABLI fusions.'”'®

According to the leukocyte count of 13x10%/L, CMML is subdivided into myelodysplastic (MD) and myeloproli-
ferative (MP) variants.'” Outcomes of patients with MP CMML are worse than those of patients with MD CMML.*
Among 66 patients with CMML in our center in the past 10 years, CMML-0, CMML-1 and CMML-2 accounted for
13.7%, 43.9% and 42.4%, respectively. As patients in CMML-0 and CMML-1 categories seem to have overlapping
cytogenetic features with comparable survival results,”’ we analyzed the subtypes for the prognostic value. There was no
significant association with the outcomes according the blast percentage in peripheral blood and bone marrow. Univariate
and multivariate analysis showed treatments and CPSS are independent risk factors for OS in CPSS patients.
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Figure 3 Kaplan—Meier curves of specific subgroups of CMML patients who underwent supportive therapy or chemotherapy (A and B), the Kaplan—Meier curves of CMML-
0 and CMML-| and CMML-2 patients. (C and D), the Kaplan—Meier curves of blast cell in BM<10% and 210% in CMML patients.

Cytogenetic changes are identified in 20-30% of CMML cases, with the most common alterations including trisomy 8,
loss of chromosome Y, abnormalities of chromosome 7 (monosomy 7 and del7q), trisomy 21, and complex karyotype.'*~* In
our study of 66 patients, the chromosome abnormality rate was 27.2% (18/66), which was consistent with the literature reports.
The type of chromosome abnormalities in CMML patients was similar to MDS except sole del(5q), but the abnormality
proportion of CMML patients was lower than MDS of 50%.?* The karyotype provided additional prognostic significance. The
Spanish cytogenetic risk stratification system was developed, categorizing patients into three groups: high risk (trisomy 8,
chromosome 7 abnormalities, or complex karyotype), intermediate risk (all chromosomal abnormalities, except for those in
the high- and low-risk categories), and low risk (normal karyotype or —Y), with S-year OS of 4%, 26%, and 35%,
respectively.”* Among the 18 patients with abnormal karyotype, there were 11 cases with high-risk karyotypes including
chromosome 7 or 3 abnormality or complex karyotype. They all died with a median survival of 2 months (range 1-21), which
was significantly shorter than those with low or intermediate risk karyotype.

More recently, with the advantages of high throughput, next-generation sequencing (NGS) technologies were widely used
to detect the gene mutations in CMML patients. Recurrent somatic mutations were identified in up to 90% CMML patients,
involved in DNA methylation, chromatin and histone modification, cell signaling, transcriptional regulation, and RNA
splicing.22 In our data of ten years, gene mutation was detected in 60 patients with 43 patients sequenced in first-generation
involving common genes and hot spot mutations. The other 17 patients were examined by NGS and 82.3% (14/17) were
detected with gene mutations, which was similar to the mutation rate reported in the literature.>> Notably, 7P53 mutation was
detected in 5 patients (5/17, 29%), with a median survival of 5 months ranging from 1 to 16 months. 7P53 mutation was
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Table 3 Univariate and Multivariate Analyses of the Relative Risk of Overall Survival After Propensity Score Matching

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) p HR (95% CI) P

Treatment (supportive vs chemotherapy*) 0.504 (0.267-0.953) 0.035 0.448 (0.225-0.894) 0.023

Age (year) (<60 vs 260) 1.080 (0.584-1.999) 0.806 1.341 (0.677-2.655) 0.400

Gender (female vs male) 0.694 (0.357-1.349) 0.281

WBC (x10°/L) (<13 vs 213) 0.851 (0.459-1.578) 0.609 1.449 (0.675-3.111) 0.342

Hb (g/L) (<60 vs 260) 0.707 (0.343-1.459) 0.348

Albumin (g/L) (<30 vs 230) 0.974 (0.443-2.141) 0.947 1.205 (0.503-2.885) 0.675

Blast cell in PB (%) (<5 vs 25) 1.087 (0.476-2.484) 0.843

Blast cell in BM (%) (<10 vs 210) 0.806 (0.421-1.542) 0.515

Bone marrow dysplasia in smear (absent vs single/multi-lineage) | 1.702 (0.898-3.229) 0.103 1.916 (0.945-3.882) 0.071

Megakaryocyte dysplasia (no vs yes) 1.601 (0.847-3.028) 0.148

WHO (CMML-0 and CMML-I vs CMML-2) 0.820 (0.439-1.529) 0.532

Chromosome karyotype (normal vs abnormal) 2.429 (1.225-4.818) 0.011

CPSS (low and intermediate-| vs intermediate-2 andhigh) 2.090 (1.051-4.158) 0.036 3.399 (1.333-8.667) 0.010

Notes: *Chemotherapy group included patients underwent Hematopoietic Stem Cell Transplantation (HSCT).

uncommon (<2%) in CMML patients,”® and did not impact OS, but they independently and negatively impacted leukemia-
free survival (LFS).?” In AML, mutations of TP53 gene were strongly associated with a complex aberrant karyotype and
negative prognostic impact.>® More attention has been paid to the impact of 7P53 on the prognosis of MDS patients. 7P53
mutations harbor both mono- and biallelic forms, and Elsa Bernard et al concluded that only multi-hit patients with biallelic
mutation were associated with complex karyotype, few co-occurring mutations, high-risk presentation and poor outcomes,
and monoallelic patients did not differ from 7P53 wild-type patients in outcomes and response to therapy.*’

In CMML, the most common mutant genes were 7E72 (50-60%), SRSF2 (45-50%), ASXL1 (40-45%), N/KRAS (20—
30%), RUNXI (10-20%).*® In our single-center study, the top three mutation genes were ASXLI™” (11/60, 18.3%),
TET2M" (10/60, 16.7%), and SRSF2 ™" (9/60, 15.0%). The prognostic roles of gene mutations have not been detected in
this study due to the limited cases of CMML enrolled, though literatures reported the association of certain gene
mutations and poor prognosis in CMML patients.>’ ASXLI gene was involved in histone modification, and patients with
ASXLI™" were more likely to have anemia, leukocytosis, extramedullary disease, and high cytogenetic risk according to
the Spanish cytogenetic risk stratification system.>> ASXL1 mutations were the only confirmed independent predictors for
the patient outcome, which were included in three prognostic models: the Mayo molecular model, Groupe Francophone
des Myélodysplasies model, and the CMML-specific prognostic scoring system-molecular model.> SRSF2 was pre-
mRNA spliceosome, and its mutation was rather common. In a meta-analysis, SRSF2” did not show any prognostic
effect on OS of CMML patients, unlike in MDS with an adverse prognostic risk factor.** As a tumor suppressor, TET2""
lost its suppressive function and frequently occurred in CMML patients. TET2” patients tended to be older in age, more

IMT and lower-risk

likely to have dysplastic CMML, a higher number of co-occurring mutations including 4SXL
stratification. Importantly, TET2™" was associated with a survival advantage, and the adverse prognostic impact of
ASXLIMT was partially mitigated by concurrent TET2T.**

NPM1 and DNMT3A mutations were also common according to our single-center study, with an incidence of 13.3% (8/
60). NPM1 mutations are uncommon in CMML, occurring in <5% of cases; however, the CMML cases with a high NPM1
mutational burden were associated with a higher probability of rapid transition to AML (at a median of 5 months) with
myelomonocytic (M4) or monocytic (M5) differentiation and a poorer outcome, even treated with Chemotherapy.35 3¢ The
incidence of NPM mutation in our study was higher than that reported in the literature. Two patients transformed into AML,
and 5 patients survived for 3—14 months, and only 1 patient was still alive after 30 months of follow-up.

Therapy should be started when CMML is symptomatic or progressive.’’ More particularly, treatment is initiated with
hemoglobin <10 g/dL, bone marrow blasts >5%, platelets <100x10°/L, progressive leukocytosis >30x10%/L, constitutional
symptoms (weight loss, fever), and symptomatic splenomegaly or splenomegaly that is palpable >5 cm below the left costal
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margin.*® The aim of CMML treatments is to effectively control the disease in a long-term manner while maintaining the
quality of life (QoL) in patients and to prevent clonal evolution and transition to AML. Currently, specific therapy for CMML
has not been approved. Most of the available therapeutic approaches are based on MDS and other MPN studies.’ Twenty-
seven patients in our study received palliative treatment with supportive care including hydroxyurea reducing leukocyte or
blood component transfusion. Thirty-nine patients received chemotherapy containing hypomethylating agents (HMAs), with
hydroxyurea in early stage to reduce leukocytes for short time in some patients. In univariate and multivariate analysis,
medical treatments were independent risk factors for OS. The chemotherapy including HMAs prolonged the survival of
CMML patients (p < 0.05) but did not affect time to transformation to AML. The HMAs, 5-azacitidine (AZA) and decitabine
(DEC), may play an important role in the treatment of MP CMML.***? HMAs can effectively reduce leukocytosis and
improve splenomegaly and extramedullary lesions. For such treatment, the ORR is approximately 50% (30-60%) and CR rate
around 17% (10-20%). Most patients achieved a response after 3 cycles of treatment and median OS is about 29 months (12—
37 months).*® The recent large multicenter trial showed that patients with higher risk disease, ie, MP CMML, blasts >10%, and
higher risk CMML according to the CPSS, have significantly better outcomes with HMAs compared with hydroxyurea or
intensive chemotherapy.* In the early stage, the HMAs used by patients in the chemotherapy group were decitabine for the
accessibility of drugs. In the later stage of this study, three patients used AZA. In the literature, the response rates of
Azacitidine for the patients was similar between 5-day (75mg/m2/day IV for 5 days every 28 days) and 7-day regimens,****
the patients using AZA for 5-7 days were included in the study. In the chemotherapy group of 39 patients, 35 patients did not
undergo allogeneic HSCT due to the age or lacking a matched donor, in which 11 patients with HMA monotherapy, and 24
patients with HMAs combined intensive cytotoxic chemotherapy, including HAG, CAG, and IA regimen.'*'* Prolonged
myelosuppression was still common in CMML patients. Allogeneic HSCT remains the only curative option for CMML
patients but has limited applications owing to its toxicity, patient’s age and difficulty in the identification of suitable donors.
Allogeneic HSCT in CMML patients had a response rate of 20-40%, a recurrence rate of 20-40%, and 5-year OS of
approximately 20% in retrospective studies.*®*® But complete remission at the time of HSCT in CMML patients was the only
significant predictive factor of relapse-free and overall survival.*’ In our study, four patients underwent HSCT with sibling
matched donors and no comorbidities. They were treated with HM As before transplantation, and 2 patients achieved complete
remission with disease-free survival, the other 2 achieved partial remission who still transformed to leukemia, of which one
died within ten months after transplantation. Because of only four patients treated with HSCT, it was difficult to compare
survival with not-transplanted patients.

In conclusion, CMML patients in chemotherapy group obtained better OS than those in the supportive group before
and after PSM analysis. Subgroup analysis of OS showed that specific subgroups (patients with blast cell >10% in bone
marrow or WHO CMML-2) may benefit more from chemotherapy treatment. In the PSM cohort, treatment, chromosome
karyotype and CPSS were considered as risk factors of OS in univariate analysis with statistical differences. Multivariate
analysis showed that supportive therapy, single/multi-lineage of bone marrow dysplasia in smear and intermediate-2/high
types in CPSS were independent risk factors for OS after PSM. Both first-line and next-generation sequencing provide
direct insight into the molecular mechanism of CMML, which may enable future personalized treatment based on gene
mutation for specific patient selection.

Highlights

1. Patients in chemotherapy group achieved better overall survival than those in supportive group before and after
propensity score matching (PSM) analysis.

2. Patients with blast cell in BM > 10% or WHO CMML-2 benefited more from chemotherapy treatment in subgroup
analysis.

3. Univariate and multivariate analysis indicated supportive therapy and intermediate-2/high in CPSS were independent
risk factors for overall survival.

4. Top three mutated genes were ASXLIM" (18.3%), TET2M™ (16.7%) and SRSF2" (15.0%) in our study.
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