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Abstract

Objectives and methods: Chronic myelomonocytic leukemia (CMML) is a severe disease for which

allogeneic stem cell transplantation (allo-SCT) remains the only potentially curative treatment. We describe

a retrospective study determining prognostic factors for outcome after allo-SCT in consecutive 73 patients

with CMML reported to the SFGM-TC registry between 1992 and 2009. Results: At diagnosis, median age

was 53 yrs, and 36% patients had palpable splenomegaly (SPM). 48, 13, and 9 patients had good,

intermediate, and poor risk karyotype, respectively, according to IPSS, 61% patients had CMML-1, and

39% had CMML-2. 41/31/1 cases had an HLA-identical sibling, an unrelated and haploidentical donor,

respectively. 43 patients received reduced-intensity conditioning. With a median follow-up of 23 month,

acute grade 2–4 and chronic GVHD developed in 21 and 25 patients, respectively. The 3-year OS, NRM

(non-relapse mortality),EFS, and CIR (cumulative incidence of relapse) were 32%, 36%, 29% and 35%,

respectively. OS was not influenced by the CR status, marrow blasts% at allo-SCT, prior treatments, and

cGVHD. Using multivariate analysis, year of transplant < 2004 (YOT) (P = 0.005) was associated with

higher NRM, YOT < 2004 (P = 0.04) and SPM at allo-SCT (P = 0.02) with lower EFS, and YOT < 2004

(P = 0.03) and SPM at allo-SCT (P = 0.04) with poorer OS. Conclusions: Allogeneic stem cell

transplantation is a valid treatment option for patients with CMML, and its outcome has improved with

YOT > 2004. Splenomegaly seems to be a negative factor of OS and EFS in this series.
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Chronic myelomonocytic leukemia (CMML), now classified
among mixed myelodysplastic/myeloproliferative disorders
(MDS/MPD), is a disease predominating in the elderly, charac-
terized by monocytic infiltration of the bone marrow and
peripheral blood, a variable degree of dysplasia, and absence of
specific molecular marker (1–4). CMML is heterogeneous with

regards to the importance of myeloproliferation (reflected by
circulating WBC counts and monocytes and sometimes extra-
medullary disease), marrow dysplasia (reflected, in addition to
myelodysplastic features, by a variable excess of marrow blasts
and cytopenias), and progression to AML (occurring in around
30–40% of cases). The heterogeneity of disease features
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accounts for the variable overall survival (OS) that ranges from
12 months to several years in published series (1–4).
Several prognostic classifications have been proposed in

CMML, generally combining the ‘proliferative’ and ‘dys-
plastic’ aspects of the disease (5–7). Drug treatment of
CMML, when poor prognostic factors are present, remains
disappointing, although the hypomethylating agents decita-
bine and azacitidine have recently yielded some interesting
results, with overall response rate around 40% (8–11).
As in higher-risk MDS, allogeneic hematopoietic stem cell

transplantation (allo-SCT) is therefore still considered as the
only potentially curative approach in CMML. However, very
few series of allo-SCT in CMML have been published, report-
ing a long-term disease-free survival and OS rates ranging
between 18 and 41%, and 18 and 45%, respectively (12–18).
This retrospective study aimed at assessing the outcome of

allo-SCT in a group of 73 consecutive CMML patients
reported to the registry of the Soci�et�e Franc�aise de greffe de
moelle et de th�erapie cellulaire (SFGM-TC).

Patients and methods

Study design and patients selection

This was a retrospective multicenter analysis. Data of all
patients with CMML receiving allo-HSCT were provided by
the registry of the SFGM-TC (promise). SFGM-TC is a vol-
untary national working group including all French trans-
plant centers, participants of which are required once a year
to report all consecutive stem cell transplantations and fol-
low-up. The scientific council of the SFGM-TC approved
this study that was conducted according to the principles of
the Declaration of Helsinki.
Between 1992 and 2009, 16 952 patients who had under-

gone allo-SCT in France were reported to the SFGM-TC regis-
try, of whom 73 patients were diagnosed with CMML. Patients
with juvenile myelomonocytic leukemia were excluded. The
patient files were reviewed to confirm diagnosis of CMML,
based on WHO criteria: blood monocytes > 1 9 109/L (with
monocytes representing at least 10% of the leukocyte differen-
tial count), dysplastic features in the bone marrow, absence of
eosinophilia, absence of BCR–ABL rearrangement, and
absence of t(5;12)(19).

Study endpoints and statistical analyses

Endpoints considered were overall survival (OS), event-free
survival (EFS), cumulative incidence of relapse (CIR), and
non-relapse mortality (NRM).
Variables considered for their prognostic value were age

(greater or less than 55 yrs, which was the median age of
the population) at diagnosis, gender, presence of palpable
splenomegaly at diagnosis and before transplant,% marrow
blasts, white blood cell count, blood monocyte count, ANC,

blood lymphocyte count, presence of blood immature granu-
locytes, Hb level, platelet count, myelodysplastic features on
marrow aspirates or biopsies at diagnosis and allo-SCT,
cytogenetics at diagnosis (according to IPSS classification)
(20), interval between diagnosis and allo-SCT (greater or
less than 12 months), prior treatment, disease status at trans-
plantation (using FAB and WHO classification), transplant
characteristics (including donor type, CMV serology, condi-
tioning regimen), and occurrence of acute and chronic
GVHD. Reduced-intensity conditioning regimen (RIC) was
defined according to published criteria (21).
In the absence of consensus prognostic scoring system in

CMML, three published systems at diagnosis and allo-SCT
were analyzed for their prognostic value on the outcome of
allo-SCT, including (i) classification in CMML-1 and CMML-
2 according to WHO classification, (ii) classification according
to IPSS in patients with WBC < 13 9 109/L and using prog-
nostic factors published by the Groupe Francophone des
My�elodysplasies (GFM) in CMML with WBC > 13 9 109/L
(unfavorable factors included: palpable splenomegaly (SPM),
Hb < 10 g/dL, platelets < 100 9 109/L, marrow blasts >5%,
abnormal karyotype, extramedullary disease) (22), (iii) the MD
Anderson classification with Hb < 12 g/dL, presence of circu-
lating immature myeloid cells, bone marrow blasts >10%,
absolute lymphocyte count above 2.5 9 109/L (23). CIR and
NRM were calculated from the date of transplant to the date of
relapse or death in remission, respectively, with the other event
being the competing risk (24). EFS was defined as the interval
from allo-SCT to either relapse/progression or death in remis-
sion. Probabilities of OS and EFS were calculated using the
Kaplan–Meier estimate; the log-rank test was used for univari-
ate comparisons. Acute and chronic GVHD were analyzed as
time-dependent variables.
Multivariate analyses were performed using Cox propor-

tional hazards for OS and EFS and proportional subdistribution
hazard regression model of fine-gray for other outcomes (25).
A stepwise backward procedure was used to construct a set of
independent predictors of each endpoint. All predictors achiev-
ing a P-value below 0.20 by univariate analysis were included
in the multivariate analysis and sequentially removed if the P-
value in the multiple model was above 0.10. All tests were two-
sided. The type-I error rate was fixed at 0.05 for determination
of factors associated with time to event outcomes. Statistical
analyses were performed with SPSS 19 (Inc., Chicago) and R
2.13.1 software package (the R foundation for statistical com-
puting - http://www.R-project.org) (25).

Results

Baseline patient characteristics and treatments before
transplant

The patient population characteristics are resumed in Table 1.
At diagnosis, twenty-two (30%) patients had palpable SPM,
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median WBC count was 19 9 109/L (range 2.8–830), and
45 (69%) patients had WBC > 13 9 109/L. Of the 28
patients with WBC < 13 9 109/L, 3, 5, 6, and 1 patient had
low-, int-1, int-2, and high-risk IPSS, respectively, while of
the 45 patients with WBC > 13 9 109/L, 37 (82%) had at

least two of the poor prognostic factors described by the
GFM.
Before allo-SCT, 26 patients were treated with conven-

tional anthracycline–cytarabine chemotherapy (CT), eight of
them belonging to the good or intermediate karyotype risk

Table 1 Patient characteristics at diagnosis and transplant

At diagnosis At transplant
SPM+ at
transplant

SPM� at
transplant

P (chi-square or
Mann–Whitney
test or Fisher’s
test) between SPM+
and SPM�

n = 73 73 73 19 37

Age 53 (27–66) 53 (29–67) 52 (30–64) 53 (29–62) 0.97

Age > 55 yr 28 (38) 22 (30) 8 (42) 14 (38) 0.76

Disease of secondary origin or

transformed

17 (25) 14 (19) 1 (6) 13 (38) 0.02

CMML-1 40 (61) 24 (33) 12 (63) 26 (70)

CMML-2 25 (39) 26 (36) 5 (26) 3 (8) 0.08

LDH 400 (300–4187) 496 (200–4187) 492 (200–4187) 499 (333–1164) 0.94

(% of pts > 400) 30 (42) 16 (22) 8 (67) 8 (57) 0.7

Hemoglobin g/dL 10.7 (3.1–17.4) 11.1 (6.9–14.9) 12 (3.1–15.2) 10.6 (4.9–15.3) 0.2

(% <10 g/dL) 24 (38) 27 (43) 3 (18) 14 (44) 0.11

Platelets G/L 85 (3–2140) 84 (6–1150) 76 (15–900) 138 (3–2140) 0.47

(% <100) 85 36 (60) 11 (61) 13 (42) 0.2

White Blood cells (leukocytes) G/L 19 (3.1–820) 4.8 (0.1–30.8) 15.9 (3.1–820) 23.3 (4.1–75) 0.51

>13 45 (69) 16 (26) 12 (63) 24 (77) 0.28

Lymphocytes G/L 2.3 (0.66–29.3) 0.9 (0–8.2) 2.8 (1.2–29.3) 2.17 (0.66–5.3) 0.14

% <1.4 G/L 5 (13) 35 (66) 2 (14) 3 (17) 0.47

Medullar blasts 8.5 (0–40) 4 (0–80) 7 (0–20) 3 (0–40) 0.06

(% <5%) 13 (20) 23 (31) 10 (56) 13 (43)

Absolute monocytes in blood 4 (1–475) 0.48 (0.232–63.56) 4.21 (1.07–476) 3.74 (1–59) 0.52

Absolute neutrophils in blood 7.3 (0–82) 1.8 (0–69) 6.7 (0–82) 8.42 (0–47) 0.43

Myelemia (% positive) 43 (81) 30 (50) 15 (94) 20 (71) 0.12

Palpable splenomegaly 22 (30) 19 (26) 19 (100) 54 (100)

Karyotype risk group

Good 48 (69) 11 (58) 37 (72)

Int 13 (19) 5 (26) 8 (16)

Poor 9 (13) 3 (16) 6 (11) 0.45

Normal 47 11 (58) 26 (70)

Monosomy 7 7 3 (16) 4 (11)

Abn 8 (tris 8) 5 (3) 5 (26) 7 (19) 0.65

GFM score for pts with >13G/L WBC at

least two negative factors1
37 (51) 9 (12) 4 (21) 5 (13) 0.9

IPSS (low, int1, int2, high, na) 3/5/6/1/4 11/4/8/6/16 0/1/4/1/8 10/3/4/3/8 NA

Karnofsky (% <90) 26 (43) 23 (31) 10 (59) 13 (38) 0.16

Infections before transplant 31 (43) 12 (63) 22 (59) 0.79

Delay transplantation (mo) 10.7 (2.8–80) 17 (3.7–48) 8.5 (2.9–80) 0.06

Delay diagnostic transplant >12 month

n (% pts)

35 (48) 13 (68%) 11 (30%) 0.006

AML at transplant 6 1 (6%) 3 (10%) 1

RIC 43 8 (42) 12 (33) 0.52

Infectious complications post-transplant 4 (22) 14 (41) 0.23

CR/relapse after transplant 7/9 (43/47) 31/17 (66/33) cf curves

Death due to relapse 7/15 (46%) 12/29 (41%) cf curves

Death due to HSCT 8/15 (53%) 12/29 (41%) cf curves

AML chemotherapy before transplant 11 (58%) 28 (76) 0.17

1GFM score, unfavorable factors included palpable splenomegaly (SPM), Hb < 10 g/dL, Platelets <100 G/L, marrow blasts >5%, abnormal karyo-

type, extramedullary disease.
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groups. Eighteen patients received low-dose CT with
hydroxyurea or VP16. Three patients received interferon,
and six received a hypomethylating agent (Table 2).Thirty-
one patients (43%) were reported to have developed an
infectious episode (bacterial or fungal) between diagnosis
and allo-SCT, among them 11 having received high-dose
chemotherapy.
Median interval from diagnosis to allo-SCT was

10.6 months (range, 2.8–80). Median year of transplantation
was 2004. At time of allo-SCT, 15 patients (53% of the
patients having received CT or hypomethylating agents)
were in CR (Table 2), and six had progressed to AML. The
remaining 50 patients still fulfilled CMML criteria, including
24 CMML-1 and 26 CMML-2. Of the 34 patients with
WBC < 13 9 109/L, 4, 8, and 6 had int-1 int-2, and higher
IPSS, respectively (while 16 were not evaluable due to
absence of karyotype), and 9 of the 16 patients with
WBC > 13 9 109/L had at least two GFM poor prognostic
factors (Table 1). Seventeen percent, 43%, 23%, and 17% of
patients had MD Anderson score of 1, 2, 3, and 4, respec-
tively. Nineteen patients (34%) had palpable SPM, which
had developed between diagnosis and allo-SCT in nine of
them. Presence of palpable SPM at allo-SCT was correlated
with thrombocytopenia (median platelet number 76 9 109/L
vs. 138 9 109/L in SPM+ and SPM� patients, respectively,
P = 0.05), presence of peripheral blasts (mean 0.0083 vs.
0 9 109/L in SPM+ and SPM� patients, respectively,
P = 0.03), and myelemia (78% vs. 36% in SPM+ and
SPM� pts, respectively, P = 0.008). Patients with palpable
splenomegaly tended to have a worse Karnofsky score (KS)
(59% with less than 90% KS vs. 38% for patients not hav-
ing SPM at allo-SCT) and a longer interval to transplanta-
tion (68% of patients (SPM+) vs. 30% (SPM�) had an
interval between diagnosis and allo-SCT >12 month compat-
ible with more advanced disease, P = 0,06), and splenomeg-
aly was not correlated with previous infections (P = 0.79).
There was no splenectomy declared in this series.
Forty-one patients received allo-SCT from an HLA-

matched related donor and 32 from a matched unrelated
donor. Thirty patients (41%) received a standard myeloabla-
tive conditioning (MAC) regimen before allo-SCT, while 43
patients (59%) received a reduced-intensity conditioning
(RIC). Graft versus host disease (GVHD) prophylaxis con-
sisted of cyclosporine and methotrexate in 34 patients and of

cyclosporine and mycophenolate mofetil in all others.
Twenty-seven patients received conventional non-manipu-
lated bone marrow as a stem cell source, and 46 patients
had peripheral blood cells. Supportive care was provided
according to each center’s guidelines.

Outcome

With a median follow-up of 23 months (range, 1–145),
grade 2–4 acute GVHD was observed in 28 patients (cumu-
lative incidence, 41 � 5% at 3 months). Chronic GVHD
was diagnosed in 25 patients (35%) (limited in 15 and
extensive in 10; cumulative incidence: 33% at 2 yrs). Five
patients did not engraft with three of them having palpable
splenomegaly at transplant.
The 2- and 3-year OS were 42% and 32%, respectively

(Fig. 1A). Forty-five patients had died (26 from NRM (six
GvHD, four pulmonary toxicity, eight bacterial infections,
four viral infections, one veino-occlusive disease, three hem-
orrhage events, one CNS toxicity), 19 from disease progres-
sion). The 3-year cumulative incidence of NRM was 36%
(Fig. 1B). The 3-year disease-free survival was 29%
(Fig. 1C). The CIR was 35% at 3 yrs (Fig. 1D).

Prognostic factors

Non-relapse mortality (NRM) was lower in female patients
(14% vs. 41%, P = 0.03), in patients without palpable SPM
at diagnosis (22% vs. 51%, P = 0.05), and in patients trans-
planted after 2004 (18% vs. 46%, P = 0.008). Patients who
had infections (42% being bacterial infections, 58% viral
and fungal infections) prior to transplant had a higher 2-year
NRM (48% vs. 22%, P = 0.04). In multivariate analysis,
WBC < 13 9 109/L (HR = 2.31; 95% CI: 1.08–5.26;
P = 0.03), transplant before 2004 (HR = 5.6; 95% CI: 1.67–
20; P = 0.005), and infections before transplant (HR = 3;
95% CI: 1.27–6.97; P = 0.01) were significantly associated
with worse NRM.
There was no influence of donor type, CMV serology in

patient and in donor, conditioning regimen, BM vs. PBC on
cGVHD incidence (data not shown). But in female donor to
male receiver allo-SCT, there was a higher incidence of
cGVHD (50% vs. 25%, P = 0.008).
Cumulative incidence of relapse (CIR), in univariate anal-

ysis, did not statistically differ by type-2 and type-1 CMML
patients at diagnosis (58% vs. 34% at 3 yr, P = 0.20) and
by cGVHD onset (P = 0.72), but was higher in female
patients (47% vs. 30%, P = 0.01), in patients without infec-
tions before transplant (46% vs. 19%, P = 0.02), and tended
to be higher in patients with palpable SPM at transplant
(47% vs. 25%, P = 0.07). In multivariate analysis, female
gender (HR = 2.9; 95% CI: 1.06–8; P = 0,04) and absence
of infections before transplant (HR = 0.3; 95% CI: 0.1–0.85;
P = 0.02) were still significantly associated with higher

Table 2 Treatment received before allogeneic stem cell transplanta-

tion

Treatment n CR
Progression
to AML

Hypomethylating agent 6 0 0

AML-like chemotherapy 26 15 5

Hydroxyurea or VP16 18 0 0

IFN 3 0 1

No treatment 20 0 0
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relapse incidence, while palpable SPM at transplant had only
borderline significance (HR = 2.6; 95% CI: 0.93–7.3;
P = 0.07).
Overall survival, in univariate analysis, was not influenced

by the following factors: age >55 yrs at diagnosis and trans-
plant, interval from diagnosis to transplant greater than
12 months, infections before transplant, disease status at
allo-SCT (CR versus others) at diagnosis and transplant,%
marrow blasts, IPSS for patients with WBC < 13 9 109/L
and GFM score for patients with WBC > 13 9 109/L, MD
Anderson score, karyotype (according to IPSS), transplant
before 2004, donor type (Table 3), and conditioning (3-year
OS was 33% after MAC conditioning vs. 49% after RIC
conditioning; P = 0.17) (Table 3), while palpable SPM at
transplant was significantly associated with poorer survival
(2-year OS: 52% vs. 28% in patients with palpable SPM,
P = 0.03) (Fig. 2). Among the 19 patients with SPM at
transplant, 15 had died: nine from HSCT-related deaths and
six from relapse and disease progression. Two of the five
patients who did not engraft had palpable SPM at transplant.
In multivariate analysis, the two significant unfavorable

prognostic factors for OS were palpable SPM at time of
transplant (HR = 0.48; 95% CI: 0.24–0.98; P = 0.042) and
transplant performed before 2004 (HR = 0.42; 95% CI: 0.19
–0.91; P = 0.03). The same prognostic factors were found
for EFS (palpable SPM at transplant (HR = 0.44; 95% CI:
0.19–0.91; P = 0.02) and transplant performed before 2004
(HR = 0.46; 95% CI: 0.22–0.97; P = 0.04)) (Table 4).

Discussion

Thus far, only a few large retrospective studies of allo-SCT
for CMML have been reported (Table 5). Although, all these

retrospective heterogeneous studies focus on a very select
population of patients with CMML who survived until the
transplant and were fit enough to undergo an allogeneic
transplant, they describe the outcome of the treatment con-
sidered as curative in this disease. The current series
included patients transplanted for CMML in France between
1992 and 2009, 59% of whom received RIC conditioning
regimen, in a registry where clinical data such as presence
of palpable splenomegaly and infections before allo-SCT are
recorded, and with long-term follow-up. Three-year OS,
NRM, and CIR were 32%, 36%, and 35%, respectively.
In Kroger et al.’s study published in 2002, where 50 adult

cases with a median age of 44 yrs who underwent myeloab-
lative allogeneic blood or marrow transplantation were
reported, the 3-year OS and DFS were 21 and 18%, respec-
tively, with an estimated probability of relapse of 49% and
TRM of 52% at 3 yrs (16). These results that appear poorer
than the ones we report could possibly be explained by dif-
ferences in patient characteristics, among them more abnor-
mal karyotypes in the series of Kroger et al., and the
myeloablative conditioning regimens that predominated
before 2002. This is supported by the results of Kerbauy
et al., in 43 patients with a median age of 48 yrs, of whom
50% received allo-SCT from unrelated donors (14) and who
received essentially MAC regimens with busulfan- and TBI-
based conditioning regimens, who reported an OS of 23%, a
relapse-free survival of 41% at 4 yrs and a 4-year CIR at
23%.
Recently, Eissa et al. reported, in a series of 85 patients,

a 10-year PFS of 38% and 10-year relapse incidence of
27%. The population in this study was quite different
from ours because they were younger with more frequent
unfavorable karyotype. But interestingly the outcome and
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Table 3 Univariate analyses on overall survival (OS), Event-free survival (EFS), cumulative incidence of relapse (CIR), and non-relapse mortality

(NRM)

OS EFS CIR NRM

Overall results

2 yr 42 � 6 32 � 6 35 � 5 33 � 5

3 yr 32 � 6 29 � 6 35 � 6 36 � 6

Gender

Male 44 � 8 29 � 7 30 � 7 41 � 8

Female 36 � 10 39 � 11 47 � 11 14 � 8

P 0.43 0.71 0.01 0.03

At diagnosis

Age

<55 42 � 8 32 � 7 31 � 7 37 � 7

�55 42 � 10 30 � 10 42 � 10 28 � 11

P 0.65 0.71 0.28 0.15

Hb (g/dL)

<10 44 � 11 39 � 11 33 � 11 28 � 10

�10 47 � 8 31 � 8 38 � 8 30 � 8

P 0.54 0.89 0.88 0.86

Platelets G/L

<100 42 � 8 25 � 7 44 � 10 31 � 8

�100 46 � 10 44 � 10 26 � 9 31 � 10

P 0.64 0.03 0.1 0.1

WBC G/L

<13 39 � 11 19 � 10 38 � 12 43 � 12

�13 46 � 8 40 � 8 33 � 7 27 � 7

P 0.64 0.06 0.63 0.2

Lymphocytes G/L

<1.4 21 � 8 (only 8 pts) 22 � 19 17 � 16 61 � 28

�1.4 46 � 9 30 � 8 45 � 9 26 � 8

P 0.18 0.38 0.43 0.07

Marrow blasts (%)

�10 42 � 8 29 � 8 41 � 8 30 � 8

>10 47 � 11 43 � 11 26 � 9 31 � 10

P 0.49 0.24 0.26 0.92

SPM

No 57 � 8 45 � 8 33 � 8 22 � 7

Yes 15 � 9 11 � 7 39 � 11 51 � 12

P 0.009 0.03 0.6 0.05

Karyotype

0 50 � 8 37 � 7 36 � 7 27 � 7

1 50 � 14 42 � 14 33 � 14 25 � 13

2 0 (n = 8) 0 NA (35 � 18) NA (39 � 20)

P 0.21 0.31 0.86 0.37

Infections before transplant

No 44 � 9 32 � 8 46 � 8 22 � 7

Yes 41 � 9 33 � 9 19 � 7 48 � 10

P 0.52 0.69 0.02 0.04

Myelemia

No 50 � 16 50 � 16 (n = 10) 20 � 13 30 � 16

Yes 41 � 8 28 � 7 41 � 8 31 � 8

P 0.37 0.28 0.29 0.89

At transplant (tx)

Age

<55 36 � 8 31 � 8 30 � 7 39 � 8

�55 47 � 10 31 � 9 40 � 9 29 � 10

P 0.19 0.41 0.49 0.16

(continued)
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prognostic factors of survival are closely related, possibly
due to the predominant use of RIC conditioning regimens
as in our study (13).
Three-year OS was 33% after MAC conditioning vs. 49%

after RIC in the present work, a difference that was, how-

ever, not significant, and the use of a RIC regimen did not
significantly reduce the incidence of NRM. But the year
of transplant after 2004 influenced positively OS and EFS,
with more than 70% of RIC after 2004. Thus far, studies

Table 3 (continued)

OS EFS CIR NRM

Year of transplant

�2004 31 � 8 19 � 6 35 � 8 46 � 8

>2004 53 � 10 47 � 10 34 � 9 18 � 8

P 0.19 0.016 0.92 0.008

Blasts in BM

�10% 44 � 7 33 � 7 31 � 7 35 � 7

>10% 27 � 12 21 � 11 50 � 14 29 � 13

P 0.47 0.5 0.23 0.52

SPM at tx

No 52 � 9 48 � 9 25 � 8 28 � 8

Yes 28 � 11 16 � 8 47 � 12 37 � 12

P 0.03 0.01 0.07 0.58

Conditioning regimen

MAC 33 � 9 30 � 8 30 � 9 40 � 9

RIC 49 � 8 34 � 8 39 � 8 27 � 7

P 0.17 0.45 0.71 0.22

Status at tx

No CR 42 � 9 33 � 8 38 � 8 29 � 8

CR 43 � 11 41 � 10 25 � 9 40 � 11

P 0.89 0.55 0.41 0.22

Donor type

HLA id 42 � 8 25 � 7 36 � 8 39 � 8

Other 40 � 10 40 � 10 34 � 9 26 � 9

P 0.78 0.55 0.83 0.24

Interval from diagnosis to transplant

<11 42 � 9 38 � 8 35 � 8 27 � 8

>11 41 � 9 26 � 8 35 � 8 39 � 9

P 0.51 0.56 0.79 0.4

1.0

0.8 P = 0.03

0.6

O
S

0.4

0.2

0.0
0 1 2 3 4 5

52 ± 9%

28 ± 11%

SPM

No SPM

Figure 2 Overall survival according to presence of palpable spleno-

megaly at allogeneic stem cell transplantation.

Table 4 Multivariate analysis. All variables with P < 0.15 by stepwise

selection

P HR

95.0% CI

inferior superior

OS

Year of transplant �2004 0.028 0.42 0.19 0.91

SPM at transplant 0.042 0.48 0.24 0.98

EFS

Year of transplant �2004 0.041 0.46 0.22 0.97

SPM at transplant 0.02 0.44 0.22 0.88

CIR

Female versus male 0.04 2.9 1.06 8

SPM at transplant 0.07 2.6 0.93 7.3

No Infection at diagnosis 0.024 3.3 1.18 10

NRM

Infection at diagnosis 0.06 2.18 0.97 4.9

Year of transplant �2004 0.007 3.85 1.45 3.85
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specifically addressing the use of RIC allo-SCT for CMML
have included only a limited number of cases, and follow-up
was short (26). In the report from Ocheni et al. (26), 12
patients were included with a follow-up of 26 months with a
high 3-year TRM of 25%, severe acute GVHD being a
major cause of TRM.
In the current study, palpable SPM at transplant was sig-

nificantly associated with poorer OS, a finding has not been
previously made in adult CMML undergoing allo-SCT, to
our knowledge. In addition, palpable SPM was also a pre-
dictive factor for poorer OS in multivariate analysis. The
presence of splenomegaly in this disease, however, could be
a mere surrogate of other negative features related to the
biology of disease (proliferative form of CMML, thrombocy-
topenia, presence of peripheral blasts cells in PB, adverse
cytogenetics, etc.), a longer disease evolution, or even host-
related features such as performance status, and not an
adverse prognostic factor ‘per se’. Palpable splenomegaly
probably reflects more advanced disease although it did not
increase CIR. Alternatively, it could reflect a general status
of the patient who tended to have a poorer Karnofsky score.
Sample size of current series and interaction with many
other factors might preclude a robust multivariate analysis.
There was no splenectomy declared in this series, with the
limitation of a retrospective registry data, but there was no
consensus in the centers on the issue of splenectomy before
allogeneic transplantation.
We found no prognostic impact, on OS, of the scoring

systems that have demonstrated an impact on survival in
CMML outside of the transplant setting, including the classi-
fication in CMML-1 and CMML-2, the MD Anderson score,
the IPSS, and the GFM score described above. In Kerbauy’s

series (14), the IPSS and the MD Anderson score also did
not correlate with outcomes. Other previously published ser-
ies of CMML found no prognostic factors for OS after allo-
SCT (14, 16).
In Eissa’s study, mortality was negatively correlated with

pretransplant hematocrit and increased with high-risk cytoge-
netics, higher number of comorbidities, and increased age
(13). In Kerbauy’s series, patients with higher HCT-specific
comorbidity index had worse overall survival than patients
with lower score (14). We could not evaluate those parame-
ters, as HCT-specific comorbidity index data are not avail-
able in the SFGM-TC registry.
In the present report, the CR status at allo-SCT did not

influence outcome, contrary to what was reported in a previ-
ous series (12). Thus, it remains unclear whether reducing
marrow blasts by chemotherapy (27) before allo-SCT is use-
ful in CMML. It may even be deleterious to administer sev-
eral cycles of chemotherapy to these patients, as the
occurrence of infections before allo-SCT could have a nega-
tive impact on NRM. Patients with infections before allo-SCT
tended to have a poorer survival and higher NRM, a finding
not previously reported in studies of allotransplant in CMML
(12–17). The hypomethylating agents azacitidine or decita-
bine may represent novel alternatives for cytoreduction prior
to allo-SCT (8, 28), allowing patients to reach transplant
without increased chemotherapy-related toxicities, although
they need prospective evaluation in that context (29).
By contrast with a previous study showing an impressive

3-year DFS of 65% in 18 patients with favorable cytogenet-
ics (15), karyotype did not influence OS in our series and in
different other series (13, 15–17). But Such et al. (30) had
described a new prognostic system for CMML with three

Table 5 Review of literature of allo-SCT in CMML

Paper n DS EFS TRM RL aGVHD
Conditionin g
regimens

Predictive factors
of survival

Kroger, BJH 2002 (13) 50 21 (5 yr) 18 (5 yr) 52 49 35% grade l-l 20%

grade III–IV

MAC Absent but

tendency for

aGVHD

Elliott, BMT 2006 (17) 17 18 (3 yr) 18 (3 yr) 41 (6 month)

11 (100 d)

41 (6 month) 75% gll-ll 37% glll-IV MAC Absent

Mittal, BMT 2004 (13) 8 37 37 12 62 25 cGVHD (37%) MAC and RIC Absent

Kerbauy, BBMT 2005 (11) 43 23 41 34 23 Na cGVHD (54%) MAC Comorbidities

Ochem. BMT 2009 (28) 12 75 (3 yr) 43 (3 yr) 25 (100 d) 17 46% g II–IV, 23%

g III–IV

MAC and RIC

(n = 5)

Absent

Krishnamurthy. BMT

2010 (15)

18 31 30 31 47 44 RIC Cytogenetics CR

Eissa, Biol BMT 2011 (13) 85 38 (10 yr) 27 (10 yr) 72% gll-IV 26%

cGVHD

MAC and RIC pre-HCT

hematocrit,

cytogenetics, age,

HCT comorbidity

index

HCT, hematoloietic cell transplantation; MAC, myeloablative conditioning regimen; RIC, reduced intensity conditioning regimen; c GVHD, chronic

GVHD; gII-III aGVHD, grade II-III acute GVHD; TRM, transplant related mortality.

362 © 2013 John Wiley & Sons A/S

CMML and allotransplantation Park et al.



subgroups of karyotypes (low-risk group: normal, -Y, high-
risk group: -7 or complex karyotypes, and intermediate-risk
group: other). There was an impact of karyotype classified
as such on OS in our series with significant differences
between low- and intermediate- vs. high-risk cytogenetics
groups (data not shown). This warrants further confirmation
on larger series. In the future, it is likely that analysis of
somatic gene mutations (including ASXL1, TET2, AML1,
N-RAS, EZH2, IDH1/2, and spliceosome gene mutations)
found in more than 50% of patients with CMML may help
further refine prognosis analysis in CMML (22, 31–32).
In conclusion, findings from the current analysis suggest

that allo-SCT is a valid treatment option for patients with
CMML eligible to such therapy. Palpable SPM at time of
transplantation is a significant independent negative prognos-
tic factor for OS, while NRM may be influenced by the
occurrence of infections prior to transplant.
Further improvements in allotransplantation procedures in

CMML should improve outcome of these patients.
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