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Key Points

• Validation of the WHO
2017 CMML categories
supports distinguishing
MP-CMML from
MDS–CMML.

• The prognostic value
of the new 3-tiered
blast-based CMML
stratification scheme
is limited.

The 2017 revision of the World Health Organization (WHO) classification includes

substantial changes to the subclassification of chronic myelomonocytic leukemia (CMML):

(1) a 3-tiered blast-based scheme including a novel “CMML-0” category replacing a 2-tiered

system in place since 2001 and (2) 2 CMML subtypes, myelodysplastic (MDS-CMML) and

myeloproliferative (MP-CMML), based on a white blood cell count cutoff of 13 3 109/L.

The clinical utility of this subclassification scheme, particularly the expansion of

blast-based subgroups, has not been validated. In this study, a large single-institution

CMML patient cohort (n 5 629) was used to assess the prognostic impact of the newly

proposed categories. Patients were risk stratified according to the CMML-specific

Prognostic Scoring System (CPSS) and the MD Anderson Prognostic Scoring System.

MP-CMML patients had significantly shorter overall survival (OS; P , .0001; hazard ratio:

0.53, 95% confidence interval: 0.42-0.65) and median duration to acute myeloid leukemia

(AML) transformation (P , .0001; 15.2 vs 22.0 months) compared with MDS-CMML

patients. The CMML-0 group included 36.4% patients with higher risk CPSS categories and

11.2% of patients with high-risk cytogenetics. Among treatment-näıve patients (n 5 499),

there was a marginal difference in OS between the CMML-0 and CMML-12017 subgroups

(P 5 .0552). The WHO 2017 blast-based categories were not associated with AML-free

survival. Incorporation of theWHO 2017 blast-based subgroups in amodified CPSS scheme had

a neutral effect and did not improve its prognostic strength. Our data support the inclusion of

MP-CMML and MDS-CMML subtypes in the WHO 2017 revision. Although of some utility in

MP-CMML, the 3-tiered blast-based system is not well supported in this study.

Introduction

Chronic myelomonocytic leukemia (CMML) is a clonal myeloid neoplasm defined by relative
($10%) and absolute monocytosis ($1 3 109/L) in the peripheral blood (PB) with features of
both a myeloproliferative neoplasm and a myelodysplastic syndrome (MDS). Because of the
heterogeneous clinical and morphologic features of CMML, its subclassification has undergone
multiple iterations throughout the years. The original French-American-British (FAB) group
classified CMML as an MDS and divided it into 2 subtypes based on the white blood cell (WBC)
count: MDS-CMML (WBC count ,13 3 109/L) and myeloproliferative CMML (MP-CMML; WBC
count $13 3 109/L).1
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The prognosis of patients with CMML remains generally poor, with a
median overall survival (OS) of 2 to 3 years and a 20% to 30% risk
of transformation to acute myeloid leukemia (AML), even though
some patients can have a protracted disease course with slow
or limited progression.2-5 Several risk-stratification systems have
been proposed for CMML patients, including the MD Anderson
Prognostic System (MDAPS) and the CMML-specific Prognostic
Scoring System (CPSS).2,3,5,6 These systems have been shown to
have similar predictive value.7 The CPSS has become widely used
and includes 4 variables: World Health Organization (WHO)
subgroups (based on 2008 criteria), FAB subtype, erythrocyte
transfusion dependency or hemoglobin level, and karyotype. Clonal
cytogenetic abnormalities are seen in 20% to 30% of CMML
patients. Three CPSS cytogenetic risk groups were proposed by
Such et al.8 Tang et al subsequently proposed a modification to the
CPSS cytogenetic risk groups.9 Recent studies have attempted to
integrate clinicopathologic features and cytogenetic and molecular
findings into CPSSs.6,7,10

In 200111 and 2008,12 the WHO classification scheme recognized
CMML as a distinct entity under the MDS/myeloproliferative neo-
plasm category and further subclassified it into 2 groups based on PB
and/or bone marrow (BM) blast/promonocyte percentages: CMML-1
(PB ,5%; BM ,10%) and CMML-2 (PB, 6% to 19%; BM, 10% to
19%) with no significant emphasis on the previously recognized FAB
subtypes. The 2017 revision of the WHO classification13,14 diverges
from the 2001 and 2008 iterations in 2 important ways. First, it
reincorporates FAB-defined MP-CMML and MDS-CMML subtypes.
Second, it introduces a novel 3-tiered blast-based subgrouping scheme
that includes a “CMML-0” category (PB,2% and/or BM,5%). Given
the modest concordance rate for morphologic quantification of blasts/
promonocytes in CMML,15 adding a blast-based tier requires that the
potential benefits clearly outweigh the potential compromises to
reproducibility. To our knowledge, neither the WBC-based subtypes
nor the blast-based subgroups introduced in the WHO 2017 scheme
have been systematically validated in large-scale studies.

In this study, we assessed a large single-institution CMML patient
cohort to determine whether the 3-tiered CMML subgroups as
proposed in the WHO 2017 system provide superior predictive
power in terms of OS and AML-free survival compared with the
2-tiered system in place since 2001. We also sought to determine
whether incorporating the FAB-based CMML subtypes provides
added clinical value.

Methods

Study group

We identified patients with CMML diagnosed and treated at the
University of Texas MD Anderson Cancer Center (UTMDACC)
between the years 2001 and 2017. All patients fulfilled the
diagnostic criteria of CMML as defined in the WHO classification.
All patients underwent BM evaluation that included microscopic
examination, as well as karyotyping and molecular analysis to
exclude the presence of Philadelphia chromosome/BCR-ABL1 or
PDGFRA, PDGFRB, and FGFR1 rearrangements. A total of 634
CMML patients met the study inclusion criteria; 5 patients without
adequate material for blast enumeration and/or without cytogenetic
data were excluded from further analysis.

Using laboratory data at initial presentation, patients in the study
group (n 5 629) were subclassified into MDS-CMML and

MP-CMML per aforementioned FAB criteria and subgrouped into
blast-based categories as follows: CMML-0 (PB ,2% and/or
BM ,5%); CMML-1 (PB 2% to 4% and/or BM 5% to 9%)
(CMML-12017); andCMML-2 (PB 5% to 19% and/or BM10% to 19%
and/or Auer rods are present).14 Patients were also subgrouped per
2008 WHO classification definitions of CMML-1 (CMML-12008) and
CMML-2. Blasts (including promonocytes) were enumerated in accord
with published guidelines15 using a 500-cell differential count of BM
aspirate smears and/or touch preparations. Four hundred ninety-nine
patients were treatment-naı̈ve upon initial presentation to UTMDACC.

Cytogenetic analysis was performed using conventional methods
and reported in accordance with the 2017 International System for
Human Cytogenetic Nomenclature as described previously.16

Cytogenetics risk groups were assigned per CPSS criteria8 and
per proposed modification by Tang et al.9 Molecular studies
included single gene PCR-based methods and next-generation
sequencing analysis using clinically validated mutation screening
panels.17 For ASXL1, only frameshift alterations and nonsense (not
missense) single nucleotide variants were considered as mutations.

Most patients were observed actively and provided with supportive
therapy as needed or were treated with hypomethylating agents.
A subset of patients received allogeneic stem cell transplant or
AML-type chemotherapy; these patients were censored on the date
that such therapies were initiated for purposes of statistical analysis.
Patients were risk-stratified according to the CPSS and MDAPS
systems.5 CPSS risk groups were assigned using the hemoglobin
level (alternate CPSS)2 instead of red blood cell transfusion
dependency, in keeping with the intent of the alternate CPSS, as
the former was a more readily available parameter in our database.
This study was approved by the UTMDACC Institutional Review
Board and conducted in accordance with the Declaration of Helsinki.

Statistical analysis

The associations between CMML categories and the factors of
interest were assessed using the x2, Wilcoxon rank-sum, and
Kruskal-Wallis tests as appropriate. The times for OS and evolution to
AML (AML-free survival) were computed from the date of diagnosis to
the time of last follow-up or event occurrence (AML or death).
Patients who were alive at the last follow-up date and whose CMML
had not evolved to AMLwere censored (19 April 2017). Patients who
underwent stem cell transplant were censored at the date of
transplant. The Kaplan-Meier method was used to estimateOS times.
Differences in survival between groups were assessed using the log-
rank test. The cumulative incidence rate of evolution to AML was
determined using the competing risk method, with the competing risk
being death before developing AML. Differences in cumulative
incidence rate between groups were assessed using Gray’s test.18

Associations between the prognostic factors of interest and OS or
AML-free survival were assessed using Cox proportional hazards
regression models, and associations between the prognostic factors
of interest and the cumulative incidence outcomes were determined
using the Fine and Gray (FG) proportional subdistribution hazards
regression model.19 The multivariable hazards regression models
included independent factors with P , .1 in the univariate analysis to
determine the associations between the prognostic factors of interest
and OS or AML transformation. Impact of variables was expressed in
hazard ratio (HR) and associated 95% confidence intervals (CIs).
Comparison of the prognostic strength of CPSS modifications to the
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original CPSS was estimated using the concordance probability
estimates (CPEs) for the Cox proportional hazards model with
ties.20 No adjustments for multiple testing were made. Recursive
partitioning was used to determine the optimal BM blast
percentage cutoff value to predict OS and AML-free survival.21

All statistical analyses were performed using SAS 9.4 for
Windows (SAS Institute Inc., Cary, NC). Significance level was
defined as 5% for all statistical tests.

Results

Comparative analysis of WBC-based CMML subtypes

Comparisons of patients with MDS-CMML and MP-CMML
are summarized in Table 1. Patients in each subtype differed
significantly in terms of blast-based subgroups, across both the
WHO 2008 and 2017 schemes, with MP-CMML including a
relatively higher proportion of patients with CMML-2. Similar
differences were noted in terms of MDAPS and CPSS risk groups,
with a higher proportion of patients in higher-risk categories having
MP-CMML.We found a significant association between MP-CMML
and RAS mutations. Comparisons of treatment-naı̈ve patients
showed similar results.

Comparative analysis of blast-based

CMML subgroups

Among 428/629 (68%) CMML-12008 patients, 214 (50%) were
subgrouped as CMML-0 (Figure 1). The CMML-0 and CMML-12017

categories were similar in terms of CPSS risk categories and across
cytogenetic risk groups. Furthermore, the CMML-0 group included
36.4% patients categorized as CPSS high or intermediate-2, with
11.2% of patients with CPSS high-risk cytogenetics (6.5% per Tang
risk groups). Significant differences between patients in the
CMML-0 and CMML-12017 categories included FAB subtypes,
platelet count, median number of circulating immature myeloid cells
(IMCs), and serum LDH level. A significant difference was identi-
fied in the incidence of TET2 mutations between CMML-0 and
CMML-12017, but the distribution of mutations in ASXL1, RAS

Table 1. Summary of patient characteristics across WHO 2017 WBC

count–based subtypes, MDS- and MP-CMML

Variable MDS-CMML MP-CMML P*

Patients, N (%) 306 (48.6) 323 (51.4)

Age, median (range), y 69.9 (31.2-91.1) 69.9 (24.8-87.6) .9559

Age group, n (%), y

,60 61 (19.9) 55 (17.0) .4987

60-69 152 (49.7) 158 (48.9)

$70 93 (30.4) 110 (34.1)

Sex, n (%)

Female 93 (30.4) 106 (32.8) .5133

Male 213 (69.6) 217 (67.2)

WHO-2017, n (%)

CMML-0 122 (39.9) 92 (28.5) .0052

CMML-1 101 (33.0) 113 (35.0)

CMML-2 83 (27.1) 118 (36.5)

WHO-2008, n (%)

CMML-1 223 (72.9) 205 (63.5) .0114

CMML-2 83 (27.1) 118 (36.5)

PB parameters

WBC count, median
(range), 3109/L

7.3 (0.8-12.9) 28.7 (13.0-223.1) ,.0001

Hemoglobin concentration,
median (range), g/dL

10.6 (5.9-16.0) 10.2 (5.1-16.4) .0905†

Platelet count, median
(range), 3109/L

88.5 (2.0-1554) 94.0 (5.0-912.0) .2705

Immature myeloid cells,‡
median (minimum-maximum)

1.0 (0.0-34.0) 8.0 (0.0-50.0) ,.0001

LDH, median (range), IU/L 537.0 (191-3400) 749.0 (142-11060) ,.0001

BM blast percentage, median
(range)

5.5 (0.0-19.0) 6.0 (0.0-19.0) .7885

MDAPS group, n (%)

High 47 (15.4) 57 (17.6) ,.0001

Intermediate-2 98 (32.0) 186 (57.6)

Intermediate-1 110 (35.9) 66 (20.4)

Low 51 (16.7) 14 (4.3)

CPSS group, n (%)

HIGH 16 (5.2) 49 (15.2) ,.0001

INT-2 85 (27.8) 178 (55.1)

INT-1 90 (29.4) 96 (29.7)

Low 115 (37.6) 0 (0)

CPSS cytogenetic risk groups, n (%)

High 58 (19.0) 50 (15.5) .0704

Intermediate 36 (11.8) 58 (18.0)

Low 212 (69.3) 215 (66.6)

Tang cytogenetic risk groups, n (%)

High 36 (11.8) 36 (11.1) .5856

Intermediate 58 (19.0) 72 (22.3)

Low 212 (69.3) 215 (66.6)

Mutations, present, n (%)

TET2 40 (41.7) 35 (38.9) .6995

ASXL1 26 (37.7) 36 (50.7) .1209

Table 1. (continued)

Variable MDS-CMML MP-CMML P*

RAS 42 (17.4) 88 (36.5) ,.0001

TP53 5 (5.2) 5 (5.6) .9164

RUNX1 15 (21.7) 13 (18.3) .6121

Follow-up duration, median
(range), mo

23.6 (0.0-191.9) 17.2 (0.0-147.0) ,.0001

Death, n (%) 183 (59.8) 249 (77.1) ,.0001

Survival time, median
(95% CI), mo

33.8 (28.8-40.0) 21.1 (18.4-24.5) ,.0001

Duration to AML transformation,
median (range), mo

22.0 (0.0-185.2) 15.2 (0.0-138.9) ,.0001

AML, n (%) 49 (16.0) 61 (18.9) .3432

LDH, lactate dehydrogenase.
*Kruskal-Wallis test and Wilcoxon rank-sum test for continuous factors and x2 test for

categorical factors as appropriate.
†Full comparison conducted using treatment-naı̈ve group (n = 499) showed comparable

results with the following exception: P significant (.0251) in treatment-naı̈ve group.
‡Sum of promyelocytes, myelocytes, and metamyelocytes in PB.
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(NRAS and KRAS), TP53, and RUNX1 across the 3 blast-based
subgroups was otherwise similar. Comparisons of all patients inWHO
2017–defined blast-based subgroups are summarized in Table 2.
Comparisons of treatment-naı̈ve patients showed similar results.

Outcome analysis and prognostic impact of

CMML categories

To eliminate the potential confounding effect of treatment-induced
bias, only treatment-naı̈ve patients were considered in survival analyses.
Univariate analysis results for variable association with OS are
summarized in supplemental Table 1. Patients with MP-CMML had
a significantly shorter OS compared with MDS-CMML patients
(P , .0001; HR [95% CI], 1.89 [1.54-2.38]) (Figure 2). There was
no difference in the cumulative incidence of AML between MP-CMML
and MDS-CMML patients. When we further explored the potential
effect of prognostic factors on OS within the MP-CMML group,
the most notable (in terms of HR) included hemoglobin level and
cytogenetics (data not shown). In this category, CMML-0 vs CMML-1
(P 5 .0278; HR [95% CI], 0.67 [0.47-0.96]) but not CMML-1 vs
CMML-2 (P5 .3738; HR [95% CI], 1.16 [0.84-1.61]) correlated with
OS. These factors were independently associated with OS by
multivariate Cox regression analysis (supplemental Table 2A). Notably,
in the MDS-CMML group, the WHO 2008 but not the WHO 2017
subgroups correlated with OS by univariate analysis (P 5 .0408 and
0.1146, respectively); however, evenWHO 2008 subgroups were not
significant in multivariate analysis (supplemental Table 2B). In addition,
none of the CMML prognostic variables independently correlated with
AML-free survival with the exception of age (P 5 .0357).

Whereas both the WHO 2008 and 2017 subgroups as a whole
correlated with OS, the difference in OS between patients in the
CMML-0 and CMML-12017 subgroups (P 5 .0552) was modest
(Figure 3). Furthermore, neither the WHO 2008 nor the 2017
blast-based subgroups were associated with AML-free survival.
We performed multivariate Cox regression analysis using the
WHO 2008 and 2017 subgroups separately as independent
variables alongside known CMML prognostic variables. Patients
with CMML-0 and CMML-12017 had different OS independent of
other factors, albeit the HR and 95% CI of CMML-0 vs CMML-12017

and CMML-22017 were comparable to those of CMML-1 vs CMML-2
inWHO2008 (Tables 3 and 4) Furthermore, there was no significant
difference between CMML-12017 and CMML-22017 by multivariate
analysis suggesting that incorporation of CMML-0 mitigated the
prognostic utility of CMML-12017.

Using recursive partitioning, we sought further to determine the
optimal BM blast percentage cutoff predictive of both OS and
AML-free survival. The lowest node identified 8% as an optimal
cutoff (P 5 .0048). This cutoff (#8% vs .8%) correlated with OS
(P 5 .0112; HR [95% CI], 1.30 [1.06-1.58]) and AML-free survival
(P 5 .0032; FG-HR [95% CI], 1.76 [1.21-2.55]) when the entire
study group was considered. However, when only the treatment-
naı̈ve group was considered, a cutoff of 10% (,10% vs $10%)
(P 5 .0305; HR [95% CI], 1.29 [1.02-1.63]) correlated with OS;
cutoffs of 8%, 7%, and 5% were not significant.

Impact of WHO 2017 subgroups on CPSS

The CPSS was devised using WHO 2008 subgroups, with variable
scores of 0 or 1 assigned to CMML-1 and CMML-2, respectively.
We postulated that if the CMML-0 subgroup is prognostically
useful, its impact should be manifest through its incorporation into
an established prognostic system such as CPSS. To test this
hypothesis, we designed a modified CPSS system (CPSS_2017)
in which a variable score of 0, 1, or 2 was assigned for each of
CMML-0, CMML-1, and CMML-2, respectively. This modification
resulted in a new possible overall score ranging from 0 to 6 (instead
of 0-5). Pairwise comparisons were conducted using Cox pro-
portional hazards model for OS and AML-free survival to determine
optimal groupings of overall scores into risk groups. The best
fit resulted in the following CPSS_2017 scheme: low (0-1),
intermediate-1 (2-3), intermediate-2 (4-5), and high (6). The
new scheme was highly prognostic (supplemental Tables 3A-B;
supplemental Figure 1). However, using CPE as a measure of
prognostic strength, CPSS_2017 and CPSS had comparable
prognostic strength (0.6310 vs 0.2358). Similar results were
obtained using numerous permutations to define risk groups based
on overall scores from modified CPSS iterations. Together, these
results suggest that the incorporation of the WHO 2017 3-tiered
blast-based subgroups in CPSS has a neutral effect, neither
abrogating nor improving the predictive strength of CPSS.

Discussion

In this study, we assessed the clinical validity of CMML categories
proposed in the 2017 revision of the WHO classification on the
basis of 2 integral parameters: FAB-based MDS/MP subtypes
and blast-based subgroups. Our data confirm that distinguishing
MDS-CMML from MP-CMML using a WBC count of 13 3 109/L
is highly informative because patients with MP-CMML have
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CMML-2
(n=201)

CMML-1
(n=214)

CMML-2
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Figure 1. Distribution of CMML patients across categories in the 2008 and 2017 WHO classification schemes.
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significantly shorter duration of progression to AML and shorter
OS compared with patients with MDS-CMML. As reported by
others,2,10 MP-CMML patients in our study group tended to have

higher-risk disease with shorter OS and shorter time to AML
transformation compared with MDS-CMML patients. Furthermore,
multivariate analysis showed that FAB subtype was an independent
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Figure 2. Outcome comparisons for MDS-CMML and MP-CMML. Kaplan-Meier plots for OS (A) and cumulative incidence of AML (B) in treatment-naı̈ve patients

stratified by WHO 2008 and 2017 WBC count (FAB-based MP and MDS subgroups)–based subgroups.
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Figure 3. Outcome comparisons for 2008 and 2017 blast-based subgroups. Kaplan-Meier plots for OS (A,C) and cumulative incidence of AML (B,D) in treatment-naı̈ve

patients stratified by blast-based subgroups.
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predictor of OS. Univariate analysis did not show correlation with
the rate of AML transformation per se, which we postulate might be
because of the fact that most patients with MP-CMML have a
shorter OS duration resulting in death from complications of CMML
before transformation to AML. Notably, we found a significant
association between MP-CMML and RAS mutations (P, .0001) in
our study group, as described by others.22 Clonal evolution studies
have shown that RAS mutations are late events in CMML
pathogenesis23; thus MP-CMML appears to represent a more
advanced disease phenotype in which leukemic cells have acquired
a constellation of features, most notably RAS mutations, that
phenotypically manifest as proliferative disease with an increased
risk of additional detrimental events leading to shorter AML-free and
OS duration. In such instances, targeted inhibition of mutant RAS
has shown promising results.24 In addition to its prognostic value,
distinction between MDS-CMML and MP-CMML is likely to help
tailor therapeutic options because MP-CMML patients might in
principle benefit from targeted therapies to abrogate proliferation
signals.

Others have identified different BM blast cutoff levels that associate
with CMML outcomes. Recursive partitioning identified 8% as an
optimal BM blast cutoff in the present study group. Coincidentally,
our recursive partitioning result is very close to the 7% cutoff
obtained by Elena et al10 using somewhat different statistical
methodology. Their group adopted a threshold of 5% by reasoning
that it was more easily applicable clinically. Notwithstanding, when we
assessed these cutoffs in our treatment-naı̈ve group, only 10% and
none of the aforementioned cutoffs correlated with OS. When
we evaluated blast-based subgroups separately within MP- and
MDS-CMML patients, the prognostic impact of the 5% cutoff as
adopted in the WHO 2017 scheme turned out to be most relevant
within the MP-CMML subtype. As such, different cutoffs might have
different implications in CMML subtypes, with CMML-0 being most
informative in MP-CMML. However, because the latter is generally a
worse CMML subtype compared with MDS-CMML, the incremental
value of CMML-0 in this context does not outweigh the reproducibility
limitations that such a narrow tier poses in a disease where blast
enumeration typically requires a significant level of expertise. CMML
encompasses a highly complex pathogenic landscape in which the
neoplastic cell population typically spans multiple lineages (ery-
throid, granulocytic, megakaryocytic) and includes immature (blasts,

promonocytes) and maturing cells. An increase in the proportion of
immature cells is generally thought to indicate a skewed steady state
in which the neoplastic cells have an increased proliferation rate and
a diminished capacity to mature, together raising the risk for acquiring
mutational events that tip the balance toward AML development.
Conversely, the absence of an increase in blasts says nothing about
the extent of the neoplastic burden, as measured indirectly by
parameters such as WBC count or LDH, or underlying high-risk
genomic lesions including complex cytogenetics. The proof that such
disparate elements play an intertwined role in CMML is probably best
illustrated by the number of CMML-specific prognostic systems that
have shown comparable correlation with outcome despite using
occasionally disparate parameters and cutoffs.7,25

In a departure from earlier versions, the 2017 WHO CMML subclas-
sification scheme replaced the prior 2-tiered blast-based CMML
categories with a 3-tiered scheme by splitting CMML-1 into CMML-0
and CMML-12017. The cited studies on which the change was based
include 1 using registry-derived data,26 another that includes a limited
set of 30 patients,27 and a third in which the authors actually reported
that the optimal prognostic impact for BM blasts was achieved using a
cutoff of 10%.5Our data indicate that CMML-0 offers added prognostic
value in the MP-CMML subset only, but its utility in the overall CMML
patient population is limited. The proportion of blasts is of established
importance in CMML prognosis as evidenced by the inclusion of this
parameter, along a 2-tiered scheme, in essentially all CMML prognostic
systems, even if the optimal cutoff for BM blast percentage remained
elusive.2,3,5,6,10 Our data are in keeping with this general premise
but show no added value from the introduction of CMML-0 as
proposed in the WHO 2017 revision. Indeed, in our study group,
24 (11.2%) patients in the CMML-0 subgroup had high-risk
CPSS cytogenetics, and 5 (2.3%) were in the high-risk CPSS
group. Using a less conservative measure of discordance, among
CMML-0 patients, 73 (34.1%) were in the intermediate-2 CPSS
risk group, and 88 (41.1%) were in the intermediate-2 MDAPS risk
group. Interestingly, none of the CMML-0 or CMML-12017 was in
the high-risk MDAPS group, likely a reflection of the absence of
cytogenetics in the MDAPS scheme. In addition, incorporation of
the proposed WHO 2017 subgroups into CPSS showed no
added prognostic value as measured by CPE.

The role of somatic mutations in CMML prognostic modeling has
been controversial, and no molecular-based CMML categories
exist as of yet in the WHO classification, although molecularly
integrated prognostic schemes have shown added prognostic
value particularly through inclusion of nonsense and frameshift

Table 3. Multivariate analysis for OS in treatment-naı̈ve patients,

WHO 2017 blast-based subgroups

Variable P HR 95% CI for HR

WHO 2017

CMML-0 vs CMML-1 .0212 0.732 0.561 0.954

CMML-2 vs CMML-1 .4136 1.118 0.856 1.459

CMML-0 vs CMML-2 .0019 0.655 0.501 0.855

Hemoglobin concentration, g/dL ,.0001 0.862 0.819 0.908

FAB subtype (MDS vs MP) ,.0001 0.513 0.410 0.640

CPSS cytogenetic risk group

High vs low ,.0001 2.470 1.826 3.342

Intermediate vs low .2721 1.202 0.866 1.669

Age (,70 y vs $70 y) .0093 0.745 0.596 0.930

Table 4. Multivariate analysis for OS in treatment-naı̈ve patients,

WHO 2008 blast-based subgroups

Variable P HR 95% CI for HR

WHO 2008 (CMML-1 vs CMML-2) .0182 0.757 0.601 0.954

Hemoglobin concentration ,.0001 0.864 0.820 0.910

FAB subtype (MDS vs MP) ,.0001 0.517 0.414 0.645

CPSS cytogenetic risk

High vs low ,.0001 2.428 1.796 3.282

Intermediate vs low .3465 1.170 0.844 1.623

Age (,70 y vs $70 y) .0078 0.740 0.593 0.924
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ASXL1 mutations.6,10,28,29 In our study group, the most commonly
detected mutations involved ASXL1 (44.3%), TET2 (40.3%), RAS
(27%), and RUNX1 (20%). In contrast to other studies,6,29 TET2
mutation was associated with OS in our study, both in the treatment-
naı̈ve group (P 5 .0111; HR [95% CI], 2.36 [1.22-4.59]) and the
entire study group (P 5 .0085). Only RUNX1 was associated with
AML-free survival (P 5 .0470; HR [95% CI], 3.12 [1.01-9.09]), in
keeping with the results reported by Kuo et al.30 We notably did not
identify a prognostic role for ASXL1 in our study group. Our mutation
data were only available on a subset of patients and notably lacked
SETBP1 and SRSF2, an acknowledged limitation of our data set. As
these limitations did not detract from the goals of this study, they also
underscored the validity of CPSS and MDAPS, both of which are
mutation-agnostic prognostication schemes. Indeed, the molecular
data and their implication in our study group might after all be in
keeping with the character of CMML wherein a multitude of broad
factors (age, WBC count, blasts, cytogenetics) can effectively
provide a measure of prognosis by reflecting the sum total of multiple
underlying pathogenic factors.31

In summary, assessment of the 2017 WHO CMML categories
supports a prominent role for distinguishing MDS-CMML from

MP-CMML. The addition of CMML-0 to create a 3-tiered blast-
based subgrouping scheme seems to be of limited value.
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