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ATO/ATRA without HSCT represents a valid and poten-
tially curative therapeutic option for relapsed APL. Based
on the characteristics of our series, this assumption
might particularly apply to patients who are treated with
this regimen for late relapse. This parameter, together
with patient decision to refuse HSCT and advanced age
in some cases, was the criterion for assessing the efficacy
of the prolonged ATO/ATRA combination in relapsed
APL. The French group reported a randomized study on
20 relapsed APL patients who received ATO alone or in
combination with ATRA, showing that 80% of patients
achieved hematologic CR after one cycle.6 On the other
hand, a recent update of the Estey study3 which first
reported this regimen in newly diagnosed patients,
demonstrated considerable efficacy with excellent out-
come in particular for non-high risk APL.7 As an addi-
tional cautionary criterion, all patients in the present
series were closely monitored by Rt-PCR in order to
allow pre-emptive therapeutic intervention and the use
of HSCT in case of a further molecular relapse. Of note,
previously reported UPN 6 delivered a healthy baby after
ATO/ATRA salvage,5 and her second CR currently
already exceeds the duration of first CR induced by
ATRA and chemotherapy. Our results are comparable to
those obtained in a recently reported series of 13
patients who received autologous HSCT in second
molecular CR. In that study, relapses were hematologic
in 12 cases and molecular in one case. All patients were
treated with chemotherapy and after consolidation all
achieved CRm: 10 of 13 patients (77%) were alive and
well after a median follow up of 25 months from second
CR8. We report here similar results with an ATO-based
salvage therapy, with 88% of patients remaining in pro-
longed CRm without transplant procedures. Further
studies in larger series are warranted to better establish
whether autologous and allogeneic HSCT might be
avoided in patients with late relapse APL receiving a pro-
longed ATO plus ATRA therapy.
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Allogeneic hematopoietic stem cell 
transplantation for isolated and leukemic 
myeloid sarcoma in adults: a report from the
Acute Leukemia Working Party of the European
group for Blood and Marrow Transplantation

Myeloid sarcoma (MS), also known as granulocytic sar-
coma or chloroma, is a rare extramedullary tumor com-
posed of immature myeloid cells at different stages of dif-
ferentiation which can involve any site of the body. Most
cases of myeloid sarcoma will develop within the first
year preceding the occurrence of acute myeloid leukemia
(AML), or concomitantly to AML, or at relapse of AML.
More rarely, myeloid sarcoma could also be observed in
the setting of myelodysplastic syndrome or myeloprolif-
erative neoplasms, or as an isolated myeloid sarcoma
(also designated as de novo, non-leukemic or primary
MS).1 Common practice suggests that patients with iso-
lated myeloid sarcoma should receive AML-like induc-
tion chemotherapy.2 Although a single comparative study
has previously shown that isolated myeloid sarcoma may
be associated with superior event-free survival and over-
all survival as compared to AML when patients receive
AML-type therapy,3 the outcome of such patients is con-
sidered poor; median survival is less than 24 months4-6

The best therapeutic option has not yet been established.
Recently, we and others have shown that allogeneic
hematopoietic stem cell transplantation (allo-HSCT) may
represent a valid treatment option in leukemic myeloid
sarcoma.7,8 However, it is still unclear whether allo-HSCT
is also a good option for patients with isolated myeloid
sarcoma. 

To assess the role of allo-HSCT in patients with isolat-
ed myeloid sarcoma and compare the outcome of such
patients with leukemic myeloid sarcoma patients, we
performed a retrospective multicenter study assessing the
results of allo-HSCT in 99 patients reported to the EBMT
registry between January 1991 and June 2009 with isolat-
ed (n=30) or leukemic (n=69) myeloid sarcoma. Patients’
characteristics and information regarding disease and
transplant are summarized in Table 1. The previously
published outcome of adult patients8 was updated for this
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Table 1. Patients’, disease and transplant characteristics.
Characteristics Overall cohort Isolated myeloid sarcoma Leukemic myeloid sarcoma P value (a)

n=99 n=30 n=69

Gender, male recipient 57 (57%) 18 (60%) 39 (56%) 0.75
Median age, years (range) 40 (18-69) 40 (18-69) 39 (18-69) 0.69
Median year of transplant (range) 2004 2005 2003 0.03

(1991-2009) (1991-2009) (1991-2009)
Interval between diagnosis and 216 (86-1090) 190 (78-3575) 0.36
allo-HSCT, days (range)
FAB classification

Known(b) 51
Unknown 18

Cytogenetic risk group(c)
Favorable 16 (22%) 3 (21%) 13 (22%)
Intermediate 48 (65%) 9 (64%) 39 (65%) 0.99
High-risk 10 (13%) 2 (14%) 8 (13%)
Missing data 25 16 9

CNS involvement
Yes/no/missing data 12/51/36 1/18/11 11/33/25
Localizations
Single site(d) 35 11 24
>= 2 sites(e) 15 7 8
Unknown 49 12 37

In conjunction with AML 45
Before AML diagnosis 10
After AML diagnosis 6
Unknown 8
Status at transplant
First CR 52 (52%) 14 (47%) 38 (55%)
Second CR or beyond 28 (28%) 7 (23%) 21 (30%) 0.20
Advanced, refractory or persistent disease: 19 (20%) 9 (30%) 10 (15%)
Primary refractory 10 5 5
First relapse 9 4 5

Donor type 
HLA-identical sibling 69 (70%) 21 (70%) 48 (70%) 0.97
HLA-matched unrelated donor 30 (30%) 9 (30%) 21 (30%)
Stem cell source
Bone marrow 37 (37%) 9 (30%) 28 (41%)
PBSC 60 (61%) 21 (70%) 39 (57%) 0.35
Cord blood 2 (2%) 0 2 (3%)

Patient CMV serostatus
Negative 36 (39%) 9 (36%) 27 (40%)
Positive 56 (61%) 16 (64%) 40 (60%) 0.71
Unknown 7 5 2
Donor CMV serostatus
Negative 44 (48%) 16 (59%) 28 (36%)
Positive 47 (52%) 11 (41%) 36 (56%) 0.18
Unknown 8 3 5
Type of conditioning regimen
Standard myeloablative 79 (80%) 24 (80%) 55 (80%)
RIC 20 (20%) 6 (20%) 14 (20%) 0.97

TBI/CY 52 12 40
BU/CY 22 10 12
Other myeloablative 5 2 3

RIC with TBI 6 0 6 (2 Grays)
RIC with no TBI 14 6 8
AML: acute myeloid leukemia; CNS: central nervous system; CR: complete remission; PBSC: peripheral blood stem cells; CMV: cytomegalovirus; RIC: reduced intensity condi-
tioning; TBI: total body irradiation; CY: cyclophosphamide; BU: busulfan. aP: comparison between isolated and leukemic myeloid sarcoma patients. bM0: n=2; M1: n=9; M2: n=15;
M3: n=1; M4: n=8; M5: n=16. cCytogenetic analyses have been performed by FISH in the isolated MS sub-group. dIsolated MS: skin n=6; soft tissue n=2; testis/ovary n=1; pleural
n=1; oral cavity n=1; leukemic MS: skin n=7; soft tissue n=3; bone n=3; testis/ovary n=2; digestive tract n=3; eyes n=2; kidney n=1; oral cavity n=1; lymph nodes n=1; epidural
n=1. eIsolated MS: skin and oral cavity n=1; testis/ovary and pleural n=1; heart, pleural and mediastinum n=1; lymph nodes and mediastinum n=1; lymph nodes,  digestive tract
and bone n=1; bone and jaw n=1; eyes, bone and kidney n=1. Leukemic MS: liver and lymph nodes n=1; skin and soft tissue n=2; skin and sinus n=1; skin and oral cavity n=1;
lymph nodes, soft tissue and heart n=1; breast and eyes n=1; breast and kidney n=1.
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study. Median follow up was 48 months (range 6-213
months). There were no significant statistical differences
between the two groups except year of allo-HSCT. Study
end points were the probabilities of overall survival,
leukemia-free survival (LFS), relapse incidence (RI), non-
relapse mortality (NRM) and chronic graft-versus-host
disease. Statistical analyses were performed using SPSS
18.0 (SPSS Inc, Chicago, IL) and Splus 8.1 (Math-Soft Inc,
Seattle, WA) packages.

Overall results and comparison of outcomes between
isolated and leukemic myeloid sarcoma are given in Table
2. Some patients in the leukemic group had received a
second allo-transplant in the leukemic group, and could
achieve a second persistent complete remission (CR) as
previously reported.8 As outcomes of isolated and
leukemic myeloid sarcoma were found to be similar, data
for the two groups were pooled to perform univariate
and multivariate analyses. Thus, considering the whole
cohort (n=99), in univariate analysis, factors associated
with higher leukemia-free survival and lower relapse inci-
dence were: CR status at transplant (5-year LFS: 40±6%
vs.16±8%; P<0.0001; 5-year RI: 39±6% vs. 68±11%;

P=0.0009) and cytogenetics (5-year LFS: good 50±13%
vs. intermediate 30±7% vs. poor 20±13%, P=0.06; 5-year
RI: good 37±13% vs. intermediate 43±8% vs. poor:
70±16%, P=0.05). The only factor associated with higher
non-relapse mortality was patient gender (male: 27±6%
vs. female: 10±5%, P=0.04). In multivariate analysis,
high-risk cytogenetics remained significantly associated
with poorer leukemia-free survival and increased relapse
incidence (HR=2.55, 95%CI: 1.14-5.73, P=0.02;
HR=2.64, 95%CI: 1.05-6.63, P=0.04, respectively), while
a CR status at transplant was associated with improved
leukemia-free survival (HR=0.44, 95%CI: 0.22-0.88,
P=0.02). There was a trend for a lower incidence of
relapse for patients in complete remission (HR=0.49,
95%CI: 0.22-1.07, P=0.07).

This study included the largest series of isolated
myeloid sarcoma patients having undergone allo-HSCT
reported so far. With a 5-year overall survival and
leukemia-free survival of 48% and 36%, respectively, this
study suggests that allo-HSCT is a potentially efficient
treatment for isolated myeloid sarcoma with relatively
acceptable toxicity (overall 5-year NRM 17%). When

Table 2. Comparison of outcomes between isolated myeloid sarcoma and leukemic myeloid sarcoma.
Outcomes Overall cohort Isolated myeloid sarcoma Leukemic myeloid sarcoma P*

n=99 n=30 n=69

Engraftment 99 (100%) 30 (100%) 69 (100%)
Time to ANC≥0.5¥109/L, days (range) 15 (11-30) 18.5 (9-49)
Acute GVHD
Grade 2-4 23% 27% 35%
Grade 3-4 9% 3% 11%
2-year CI of Chronic GVHD 45±5% 54±11% 41±7% 0.38
5-year OS 48±6% 33±13% 51%±7% 0.63

Median: 39 months
5-year LFS 
Overall 36±5% 30±9% 37±6% 0.45

Median: 17 months
5-year CI of relapse 40±4% 45±10% 38±6% 0.64
5-year CI  of NRM 19±4% 17±5% 19±7% 0.76
Deaths 48 15 33
Causes of death 

Relapse/progression 27 9 18
Multiple organ failure 2 2
Infections 7 1 6
Hemorrhage 1 1
Interstitial pneumonitis 5 1 4
GVHD 4 2 2
Cardiac toxicity 1 1
Missing data 1 1

Relapses** 42 13 29
As AML 8 2 6
As myeloid sarcoma 10 5 5
As both 6 2 4
Missing data 28 4 14

Relapses according to conditioning regimen
Myeloablative 33 9 24
RIC 9 4 5

GVHD: graft-versus-host disease; CI: cumulative incidence; OS: overall survival; LFS: leukemia-free survival; CR: complete remission; NRM: non-relapse mortality, AML: acute
myeloid leukemia; RIC: reduced intensity conditioning; MS: myeloid sarcoma. *P value: comparison between isolated and leukemic myeloid sarcoma patients. **Considering
patients with relapse as MS or MS+AML (n=16), 6 MS relapses occurred at the original site while 10 occurred at a different site.



comparing isolated and leukemic myeloid sarcoma, there
were no significant differences in term of outcomes. The
multivariate analysis showed that CR status at transplant
was associated with improved leukemia-free survival
while high-risk cytogenetics reduced the chance of long-
term leukemia-free survival. If the former result is expect-
ed, the latter should be taken with caution, as cytogenet-
ic data were missing in most cases of isolated myeloid
sarcoma.

We think our results support the use of allo-HSCT as
first-line therapy for myeloid sarcoma, especially in
patients achieving complete remission after AML-type
therapy, since one should bear in mind that the prognosis
of myeloid sarcoma is generally poor with an overall sur-
vival of usually less than two years in patients not receiv-
ing allo-HSCT.4-6 The latter is in line with recent guide-
lines from Dohner et al.,2 recommending the use of AML-
like induction therapy for myeloid sarcoma, followed by
consolidation before proceeding to allo-HSCT. Also,
involved field radiation therapy may be considered to
improve management of localized tumors.

Besides cytogenetics, the role of new molecular prog-
nostic markers such as NPM1 or FLT3-ITD mutations in
myeloid sarcoma should also be investigated, as they will
likely influence outcome after chemotherapy and/or allo-
HSCT.9 Interestingly, a case report regarding one patient
with FLT3-ITD positive myeloid sarcoma suggested a
beneficial effect of the kinase inhibitor sorafenib.10

We conclude that allo-HSCT is an effective treatment
for patients with myeloid sarcoma. Patients with isolated
or leukemic myeloid arcoma have similar outcomes after
allo-HSCT. While prospective evaluations are needed,
allo-HSCT could be considered the optimal therapy for
both isolated and leukemic myeloid sarcoma.
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