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Myelodysplastic/Myeloproliferative Neoplasms

CMML 

  

 

1. Peripheral monocytosis

2. Cytopenias  

3. 25% splenomegaly

4. Constitutional symptoms

5. Poor survival

1. Severe neutrophil dysplasia

2. Leukocytosis

3. Cytopenias 

4. Poor survival

1. >15% ringed sideroblasts

2. Thrombocytosis

3. Anemia

4. Low disease related mortality

1. Both MDS and MPN features

2. Unclear dx criteria

3. Poor survival

aCML MDS/MPN-RS-T MDS/MPN-U

MDS/MPN-neutrophilia MDS/MPN-NOS



Pfeilstöcker  et al. 1999

Greenberg et al. 1997

Sanz et al. 1989

WHO 2008

• Incidence

– 1 case in 100.000 inhabitants/year

– 18% of MDS

• Elderly pts ( 70 yrs)

• Male/female ratio  3/1  

CMML  
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Weeks to Months (rarely years)
Often when SYMPTOM DIRECTED 
intervention is Initiated.

Disease Burden (mutations/other markers)

Associated with disease 
transformation/progression
.

CMML symptom dynamics



• FAB (Bennett et al. 1976, 1982)

–MDS subtype

• FAB (Bennett et al. 1994)

–CMML-MDS (13  109 WBC/L)

–CMML-MPS(>13  109 WBC/L)

–Differential diagnosis with a CML ( and JMML)

• IPSS (Greenberg et al. 1997) 

–Not applicable for CMML-SMP (>12  109/L)

Bennett JM et al. 1982 and  1994

Greenberg et al. 1997

Clasificación



The 2022 WHO classification

Khoury JD Leukemia. 2022 Jun 22. 

>0.5 x 109/L AMC

>10% WBC



WHO criteria for CMML- 2022 update

Prerequisite Criteria
1. Persistent absolute (≥0.5 × 109/ L) and relative (≥10%) peripheral blood monocytosis
2. Not meeting diagnostic criteria of chronic myeloid leukaemia or other myeloproliferative neoplasms.
3. Not meeting diagnostic criteria of myeloid/lymphoid neoplasms with tyrosine kinase fusions.
4. <20% myeloblasts or monoblasts in the peripheral blood or marrow 

Supporting Criteria
1.Dysplasia involving ≥1 myeloid lineages.
2.Acquired clonal cytogenetic or molecular abnormality.
3.Abnormal partitioning of peripheral blood monocyte subsets.

Diagnostic Criteria
-     Pre-requisite criteria must be present in all cases. 
-If monocytosis is ≥ 1 × 109/L
-If monocytosis is ≥0.5 and and <1 × 109/L : one or more supporting criteria must be met. criteria 1 and 2 
must be met
Subtyping Criteria
-Myelodysplastic CMML: WBC < 13 × 109/L, Myeloproliferative CMML: WBC ≥ 13 × 109/L 
-CMML-1: <5% in peripheral blood and <10% in marrow (blast or promonocytes)
-CMML-2: 5-19% in peripheral blood and 10-20% in marrow (blast or promonocytes)

Khoury J Leukemia 2022



8

Abnormal

partitioning of peripheral blood monocyte subsets is 

introduced

as a new supporting criterion

Khoury J Leukemia 2022



Flow cytometry of monocyte subsets in CMML  

Age-matched controls CMML Reactive monocytosis

Accumulation of ‘classical’ monocytes (MO1) is a key feature of CMML

CD14

C
D

1
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Selimoglu-Buet et al. Blood 2015
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To enhance diagnostic accuracy when 

absolute monocytosis

is ≥0.5 /109/L but <1.0/109/L,

detection of one of more

clonal cytogenetic or molecular 

abnormality and documentation

of dysplasia in at least one lineage are 

required



Cytogenetic abnormalities in  of CMML

• ONLY 30% of cases of CMML present
cytogenetic abnormalities ( in literature
from 11% to 61%)

• Most frequent are +8, complex karyotype
and -7/7q- rarer

• None is diagnostic of CMML



CMML-specific prognostic scoring 

system (CPSS)

Such et al. Blood 2013; 121(15): 3005-3015

Training cohort: 558 pts (Spanish Group of Myelodysplastic Syndromes)

Validation cohort: 274 pts (Düsseldorf, Pavia)

Such et al., Haematologica 2011



•

Cytogenetic classification

– Low risk: normal, -Y (unique alteration).

– High risk : +8, -7/del(7q) complex karyotype

– Intermediate risk: everything else

Low

Intermediate

High 

Low    78%

Intermediate  9%

High 12%

Such et al., Haematologica 2011
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Such et al., Haematologica 2011

OS

Outcome of CMML pts 

according to cytogenetic risk

LOW INT High

Low risk: 

• normal or –Y (single)

High risk: 

• abn chr 7, complex, +8

Intermediate risk: 

• all others

37 mos18 mos

<12 mos



GENES frequency

TET2 36 - 61%

SRSF2 28 - 47 %

ASXL1 27 - 52%

RUNX1 9 - 37%

CBL 5 - 19%

RAS 11 - 27%

EZH2 6 - 10%

JAK2 1 - 13%

DNMT3A 4 - 10%

IDH1/2 5 - 10%

SF3B1 5%

U2AF1 4 - 8%

Meggendorfer et al. Blood 2012;  Grossmann et al. Leukemia 2011

Molecular mutations

in CMML are very

FREQUENT!!!



Prognostic relevance of  different somatic 

mutations

ASXL1 CBL

Gelsi-Boyer et al. BJH 2010
Jankowska et al., Blood 2011

TET2

Kosmider et al.,Haematologica. 2009

Kohlmann et al, JCO 2010

SRSF2

Meggendorfer et al. Blood 2012



Prognostic score including gene 

mutations in CMML (GFM)

Itzykson R et al. JCO. 2013;31(19):2428-36

Risk categories:  

Low = 0-4      INT = 5-7        High ≥ 8

Prognostic factors
 Age > 65 yrs    = score 2  

 Anemia (M < 10 g/dL, F < 11 d/dL) = score 2  

 WBC  > 15 x 109/L    = score 3 

 Platelet < 100 x 109/L   = score 2

ASXL1 status = score 2



CMML Molecular Mayo Model

Prognostic factors

• Hb < 10 g/dl (score 2)

• AMC > 10 x 109/L (score 2)

• Circulating immature myeloid 
cells (score 2)

• Plt < 100 x 109/L (score 1.5)

• ASXL1mut (frameshift and 
non sense mutations only) 
(score 1.5).

Risk Categories

1.Low (score 0) –  97 months.

2.Intermediate-1 (score ≤2)- 
59 months.

3.Intermediate-2 (score 2.5-
4.5)- 31 months.

4.High (score ≥5)-  16 
months.

Patnaik et al. Leukemia. 2014;28(11):2206 

SETBP1 mutations had no impact on OS or LFS
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OS according to Prognostic scores 

including  ASXL1

Patnaik et al. Leukemia. 2014;28(11):2206 Itzykson R et al. JCO. 2013;31(19):2428-36

NR

38.5 mos

14.4 mos



Prognostic impact of TET2 mutations in CMML

Coltro G et al. Leukemia 2020



No FDA or EMA approved therapies  

except CMML-MDS .

CMML is a hybrid diseases
And Therapy??



For CMML:

Therapy should be started when the disease is symptomatic

or progressive, and, in particular, when one of

these events occurs: 

a)severe anemia (Hb less than 10 g/dL);

b) percentage of blasts in peripheral blood >5%

(including myeloblasts, monoblasts and promonocytes;)

c) platelet count ≤ 50x109/L; 

d) WBC count ≥ 30x109/L; 

e) immature granulocytes ≥ 10% in peripheral blood; 

f) extramedullary manifestations of the disease, such as

cutaneous or lymphonodal; autoimmune inflammatory??

g) symptomatic splenomegaly.

Onida et al, Haematologica. 2013 Sep;98(9):1344-52.



Therapeutic recommendations for CMML

MD-CMML MP-CMML 

<10% BM Blasts >10% BM Blasts

Hb ≤ 10 g/dl and 

EPO ≤ 500 mU/dl

ESAs

Correction of 

Cytopenias

GM/G-CSF

Febrile 

neutropenia !!!!

Hypomethylating 

agents (AZA,DAC)

Onida et al, Haematologica. 2013 Sep;98(9):1344-52.

Low  BM  

blasts

Cytoreductive therapy

(HU)

High BM 

blasts

Blastolytic polychemotherapy

Allo-HSCT

Allo-HSCT should be considered a therapeutic option in CMML for fit patients aged under 60 
years with high-risk CMML requiring treatment.



HU 20 mos

VP 9 mos

OS in CMML after therapy

AZACITIDINE

Costa et al, Cancer 2011;

Pleyer et al., Leuk Res 2014

12mos R and NR

AZA 27.7 mos

HU 6.9 mos

Wattel et al, Blood 1996

Braun et al., Blood 2011

M 18.6 mos

DECITABINE



▪ « meta-analysis » of 17 studies

▪ Overall Response Rate: 50% (CR: 10-25%)

▪ Regression of myeloproliferative features (poorly captured)

▪ MP-CMML retains adverse prognosis

▪ No difference between azacitidine and decitabine

▪ Propensity score matching

▪ Retrospective analysis on 949 patients

▪ Survival advantage over hydroxyurea?

Adès Leuk Res 2013, Alfonso Am J Hematol 2017, 
Duchmann Ebiomedicine 2018, Pleyer Lancet Haematol 2021

Hypomethylating agents in CMML



DAC has good efficacy in CMML

P.W. Wijermans et al. Leukemia Research 2007

Braun  T et al. Blood 2011

IWG 2006 

RESPONSE

(n, %) (n, %)

CR 4 (10) Responder

15 (38)
mCR 8 (21)

SD 18 (46) Non Responder

24 (62)
Progressive 

disease

6 (15)





Santini et al, Leukemia 2018

Response to decitabine in CMML patients



Overall survival in CMML pts treated with DAC

Response duration

Santini et al, Leukemia 2018

Median 17 mos
CR = 31 mos

Median 10 mos



Mutational profiles do not correlate with response to 

DAC

p=NS for all 

mutations

Responders

Non-

Responders

Meldi et al; J Clin Invest. 2015 May;125(5):1857-72.
Santini et al, Leukemia 2018



Methylation studies in CMML treated with decitabine

CMML 

diagnosis

N=40

BM MNC

Response 

at

 6 months?

RESPONDERS

(CR, PR or HI)

N=20

NON-RESPONDERS

(SD or PD)

N=20
ERRBS

RNA-seq

Mutational profiling

DAC

ME Figueroa

Michigan University ( now 

Miami U ) 



Distinct DNA methylation profiles at diagnosis is 

associated with response to DAC

	

167 DMRs 

Meldi, et al. JCI 2015



CXCL4 and CXCL7 are up-regulated in the bone marrow of 

non-responders 

Expression

Meldi, et al. JCI 2015

R

N

R

CXCL4 CXCL7



Response to DAC is associated with reversal 

of hypermethylation

Before DAC – After DAC 

• Loss of mC ≥ 25% after DAC

• Gain of mC ≥25% after DAC 

Merlevede et al Nat Commun. 2016 Feb 24;7:10767.

Responders
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Merlevede et al Nat Commun. 2016 Feb 24;7:10767.

Mutation allele burden remains 

unchanged after DAC



▪ Phase 3, randomized, stratified, multicenter, open-label study.

▪ EudraCT 2014-000200-10 

Design of the DACOTA Trial

1Coston Am J Hematol 2019. 2Braun Blood 2011. 3Santini Leukemia 2018.

DAC Decitabine.

HMA Hypomethylating Agent.

OS Overall Survival.

DAC 20mg/m2/d, 5d/28d cycle

MP-CMML 
Advanced Disease

HY 1-4g/d , 28d/28d cycle

Primary Endpoint: 
Event-free Survival

R 1:1

N=84

N=84

Itzkynson and Santini, JCO 2023 c



Key eligibility criteria

▪ Age > 18 years

▪ CMML per WHO 20101

▪ WBC ≥ 13 x109/L

▪ ECOG performance status 0-2

▪ Adequate organ function

▪ Advanced disease as previously defined2,3

▪ ≥2 criteria among 

▪ bone marrow blasts ≥ 5 %, clonal cytogenetic abnormality (other than -Y), Hb level < 10 

g/dL, ANC > 16 x109/L, platelets < 100 x109/L, splenomegaly > 5 cm below costal margin,

▪ or documented EMD(except splenomegaly). 

▪ Previously untreated (except ESA or < 6-week HY) 

▪ Not eligible for HSCT.

1Vardiman Blood 2009. 2Wattel Blood 1996. 3Braun Blood 2011. 

ANC Absolute Neutrophil Count, 

EMD Extramedullary Disease, 

Hb Hemoglobin. 

Itzkynson and Santini, JCO 2023 c



▪ With a median follow-up of 17.5 months, 

▪ patients received a median of 5 (IQR, 3-13) DAC cycles and 6 (IQR 3-16) HY cycles.

▪ No impact of censoring at HMA onset in HY arm, or at allo-HCT (n=15).

Event-Free and Overall Survival

Itzkynson and Santini, JCO 2023 c



N (%) or median [95% CI] Best Response (ITT)

DAC HY P-value

CR 10 (12) 2 (2) 0.017

mCR with HI 22 (26) 4 (5)

mCR without HI 3 (4) 4 (5)

SD with HI 18 (21) 20 (23)

SD without HI 1 (1) 13 (15)

PD 4 (5) 8 (9)

Not Evaluable 26 (31) 35 (41)

ORR 53 (63) 30 (35) 0.0004

ORR excluding SD+HI-P 40 (48) 16 (19) 0.00008

DOR, months 16.3 [7.2-26.8] 17.4 [9.8-26.9] 0.90

Response

CR Complete Response, DOR Duration of Response, mCR marrow CR, HI Hematological Improvement, ORR Overall Response 

Rate, PD Progressive Disease, SD Stable Disease.

Itzkynson and Santini, JCO 2023 c



Response criteria for CMML (and MDS/MPNs)

MDS/MPN Response Criteria

Complete Remission

Bone marrow: <5% myeloblasts (including monocytic blast equivalent in case of CMML) with normal 

maturation of all cell lines and return to normal cellularity

Osteomyelofibrosis absent or equal to “mild reticulin fibrosis” (<grade 1 fibrosis)

Peripheral blood: WBC <10, Hgb >11, Platelets >100;<450. AMC < 1.0

Resolution of Extramedulary Disease

Partial Remission

Normalization of peripheral counts and hepatosplenomegaly with bone marrow blasts (and blast equivalents) 

reduced by 50%. (but >5%)

Marrow Response

Optimal Response:  CR without peripheral blood resolution. (Also PR marrow resp)

Clinical Benefit

Hematologic Improvement (similar to MDS), spleen response (50%), Symptom Response by MPN-SAF.

Savona M. Blood 2015



Study Design of ABNL MARRO 001

ABNLMARRO
A  Basket trial of Novel therapy 
combinations in untreated 
MDS/MPN And 
Relapsed/Refractory Overlap 
Syndromes 
(ABNL-MARRO)

A MDS/MPN International 
Cooperative Working Group Phase II 
Basket Trial of Novel Combination 
Therapies in MDS/MPN patients 
naïve to therapy or who fail primary 
therapy with DNMTi (DNA 
methyltransferase inhibitors)

MDS/MPN IWG

Moyo et al, BMC Cancer. 2022

First combination of novel targeted agent 
itacitinib, a selective JAK1 inhibitor, combined
with ASTX727.



Allo-HCT in CMML
Reference N

Median age

(range)
Stage Donor Conditioning

RR & 

TRM

Survival

outcomes

Kroger (2002) 50 44 (19-61)
CMML-1: 62%

CMML-2: 38%

MRD 86%

MUD 14%
MAC 100%

RR 28%

TRM 52%

5-yr OS:   21%

5-yr DFS: 18%

Eissa (2011) 85 51 (1-69)
CMML-1: 50%

CMML-2: 50%

MRD 45%

MUD 55%

MAC 68%

RIC 32%

RR 27%

TRM 35%

10-yr OS:   40%

10-yr DFS: 40%

Park (2013) 73 53 (27-66)
CMML-1: 58%

CMML-2: 42%

MRD 56%

MUD 44%

MAC 41%

RIC 59%
RR: 35%

3-yr OS:   32%

3-yr DFS: 29%

Itonaga (2013) 141 49 (NR) NR
MRD 48%

MUD 38% / Cord 14%

MAC 72%

RIC 28%
NR 3-yr OS:   47%

Symeonidis

(2015)
513 53 (18-75)

CMML-1: 41%

CMML-2: 15% 7 - sAML: 44%

MRD 56%

MUD 44%

MAC 52%

RIC 48%

RR 32%

TRM 41%

4-yr OS:   33%

4-yr DFS: 27%

Liu HD (2017) 209 57 (23-74)
CMML-1: 67%

CMML-2: 25%

MRD 36%

MUD 47% 7/ mMUD 17%

MAC 51%

RIC 49%

RR 52%

TRM 28%
5-yr OS: 30%

Pophali (2020) 70 58 (18-73)
Chronic phase 66%

Blastic transf 34%

MRD 40%

MUD 45%

mMUD/haplo 9%

MAC 46%

RIC 54%

RR 27%

TRM 28%

5-yr OS:

51% (CP)

19% (BT)

Rovó

(EBMT 2023)
1466

60.5

(IQR 54-65)

CMML-1: 52%

CMML-2: 48%

Missing in 68%

MRD 28%

MUD/mMUD 63%

haplo 8%

MAC 36%

RIC 64%

RR 37%

TRM 32%

5-yr OS:   37%

5-yr PFS: 31%

Courtesy from Onida



New CMWP retrospective analysis: EBMT 2023

Alicia Rovó: Outcomes of CMML patients undergoing allogeneic HCT in comparison with 

MDS patients – A retrospective analysis on behalf of the CMWP of the EBMT

Rovó et al. Submitted (under revision)

EBMT 2010-2018: 1466 CMML pts

(transformed to AML excluded)

5-yr OS: 37%

5-yr DFS: 31%

5-yr Rel: 37%

5-yr NRM: 32%



Endothelial Activation and Stress Index (EASIX) score

LDH (U/L) x Creatinine (mg/dL) / Platelet count (109/L)

(analyzed based on Log2-transformed values)

AlloSCT in CMML at Mayo Clinic (11/1992-Oct 2021): 

68 pts with median age 61 yrs (18-73) 

47% MD, 53% MP at dx – 25% transformed to AML at TX

84% received a previous treatment – 26.5% in CR

Median OS 3.2 yrs ; 3-yr NRM 26.7%

High EASIX score: ≥3; High HCT-CI: ≥3

3-yr NRM high vs low EASIX: 52.9% vs 17.9% (p=0.003)
Baranwal A et al. BMT 2022



The mutational landscape in CMML and its impact on allo-SCT outcome: 
a CIBMTR analysis

• 2011-2017: 313 CMML pts with pre-TX PB sample available; median age 64 (28-77)

• 290 pts (93%) had at least 1 mutation, with median number = 3 (0-10)  

Mutation Frequency

ASXL1 62%

TET2 35%

K-RAS/N-RAS 33%

SRSF2 31%

CBL 13%

DNMT3A 10%

JAK 2 6%

TP53 3%

OS, HR p DFS, HR p REL, HR p NRM, HR p

0.91 NS 0.88 NS 0.80 NS 0.74 NS

1.09 NS 1.15 NS 1.09 NS 0.97 NS

0.88/1.2 NS 1.28/0.96 NS 1.15 / 0.63 NS 1.18/1.30 NS

1.06 NS 1.18 NS 1.07 NS 1.01 NS

1.07 NS 0.95 NS 0.94 NS 0.80 NS

1.7 0.0149 1.66 0.013 1.5 NS 1.89 0.004

1.37 NS 1.79 0.029 1.72 NS 1.47 NS

2.7 0.004 2.94 0.0018 2.94 0.02 2.6 0.06

MVA

Mei M et al. Haematologica 2023



Role of allo-SCT in CMML: 
an international collaborative analysis

Robin M et al. Blood 2022

Performing allo-HCT before AML 

transformation decreases life expectancy in 

lower risk patients but may be considered in 

higher risk patients.

International CMML Dataset (n=730) 

EBMT registry (n=384)

Time-dependent models and a multi-state model (accounting 

for age, sex, CMML prognostic scoring system at diagnosis, 

and AML transformation) were applied



▪ There is no benefit for early allo-HCT in lower-risk CMML.

▪ The benefit of allo-HCT in higher-risk CMML is more pronounced in males.

▪ Retrospective studies are subject to numerous biases. 

▪ New studies need to account for genetics & alternative donors.

Timing of allo-HCT in CMML: take home messages

Robin M et al. Blood 2022



MDS UNIT
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