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a  b  s  t  r  a  c  t

Introduction:  Myeloid  Sarcoma  (MS)  is  a rare  hematologic  myeloid  neoplasm  that can  involve  any  site  of
the  body.  It can  occur  as  an exclusively  extramedullary  form  or it can be associated  with  an  acute  myeloid
leukemia  (AML),  a chronic  myeloproliferative  neoplasm  (MPN)  or a  myelodysplastic  syndrome  (MDS)  at
onset  or  at  relapse.  The  rarity of MS does  not  enable  prospective  clinical  trials  and  therefore  a  specific
multicenter  register  can be  useful  for  the clinical  and biological  studies  of  this  rare  disease.
Patients  and results:  we report  the  clinical  characteristics  and  outcome  of  48 histologically  confirmed
MS,  diagnosed  and  treated  in  9 Italian  Hematological  Centers  in the last  10 years.  The  patient’s  median
age  was  46 years.  There  were  9/48 de  novo  extramedullary  MS,  24/48  de  novo  AML-related  MS  and
15/48  were  secondary  AML-related  MS.  The  most  common  extramedullary  anatomic  sites  of  disease
were:  skin,  lymph  nodes  and  soft tissues.  Forty-three  patients  (90%)  underwent  a program  of  inten-
sive  chemotherapy  including  FLAI,  HDAC-IDA,  HyperCVAD  and  MEC  schemes,  with  a DDI of  5% and
a  CR  Rate  of  45%.  Twenty-two  (46%)  patients  underwent  Allogeneic  SCT,  13  from  a  MUD,  8 from  an
HLA-identical  sibling  donor  and  1 from  an  haploidentical  donor.  The  median  OS of the  whole  pop-
ulation  (48  pts)  was  16.7  months.  The  OS  probability  at 1, 2  and  5 years  was 64%,  39%  and  33%,
respectively.  The  OS  was  better  in  patients  that  underwent  an intensive  therapeutic  program  (median
OS:  18 months  vs  5 months).  Among  the  intensively  treated  patients,  in  univariate  analysis,  the
OS  was  better  in young  patients  (P  =  0,008),  in  patients  that  underwent  Allo-SCT  (P =  0,009)  and  in
patients  that  achieved  a CR during  treatment  (P = 0,001),  and  was  worse  in  pts  with  secondary  AML-
related  MS  (P  = 0,007).  Age,  response  to  intensive  chemotherapy  and  Allo-SCT  were  the  only  three
variables  that  significantly  influenced  DFS  (P = 0,02,  P = 0,01  and  P =  0,04, respectively).  In multivari-
able  analysis,  Allo-SCT  and  response  to  intensive  chemotherapy  remained  significant  in  predicting
a  better  OS  (P  =  0,04  and  P =  0,001,  respectively),  and  response  to intensive  chemotherapy  was  the
only  significant  variable  in  predicting  DFS  (P = 0,01).  After  Allo-SCT  we observe  a survival  advantage
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in  patients  who  achieved  a pre-transplant  CR  (P  = 0,008)  and  in those  who  developed  a chronic  GvHD
(P  =  0,05).
Conclusions:  Patients  with  MS,  both  with  de  novo  and secondary  forms,  still  have  a  very  unfavorable
outcome  and  require  an intensive  therapeutic  program,  that includes  Allo-SCT  whenever  possible.  The
outcome  after  Allo-SCT  is positively  influenced  by  the  development  of  chronic  GvHD  suggesting  a  Graft
versus  MS  effect.

© 2016  Elsevier  Ltd.  All rights  reserved.

1. Introduction

Myeloid Sarcoma (MS), as known as Granulocytic Sarcoma or
Chloroma, is a very rare hematologic neoplasm characterized by
extramedullary proliferation of myeloid blast cells, with or with-
out maturation, that form one or more tumor masses [1,2]. It can be
found in any site of the body, most commonly it involves skin, gas-
trointestinal tract, lymph nodes and bone [1–3]. The incidence of
this disease is extremely low [3]. MS  can develop de novo with-
out bone marrow involvement (de novo extramedullary MS)  or
simultaneously to an Acute Myeloid Leukemia (AML) (de novo AML-
related MS)  or, rarely, to a Myelodysplastic Syndrome (MDS) or to
a Chronic Myeloproliferative Neoplasm (MPN). Sometimes MS  can
be an expression of relapse of a previous hematologic myeloid neo-
plasm (secondary MS)  [1,4,5]. In literature it has been reported that
more than 70% of de novo extramedullary MS  patients will develop
a subsequent AML [6].

Due to the rarity of MS,  there are several case reports in lit-
erature, but the published surveys are limited, retrospective and
heterogeneous. Consequently there are no defined guidelines on
MS treatment [5,7,8].

Here we report the results of a multicenter observational survey
that analyzed the characteristics and the outcome of MS  (mostly
AML-related) diagnosed and treated in 9 Hematology Institutions
in the last 10 years (2005–2015).

2. Materials and methods

This is a multicenter, retrospective survey that includes 48 MS
patients with a diagnosis confirmed by histology and immunohis-
tochemistry or immunophenotype. Patients’ data were collected
in 9 Italian Hematology Institutions and all cases were diagnosed
between 2005 and 2015. Patients’ clinical, immunohistochemical,
cytogenetic and molecular data were collected in a proper Case
Report Form (CRF) and inserted in a specific database/registry.

De novo extramedullary MS  was defined as a “de novo” occur-
ring sarcoma without cytological bone marrow involvement. De
novo AML-related MS  was defined as a “de novo” occurring sar-
coma associated, at onset, to an AML. Secondary AML-related MS  was
defined as a sarcoma (with or without bone marrow involvement)
expression of relapse of a previous AML  [1].

Response to therapy was classified according to ELN recommen-
dation [9] as far as medullary disease was concerned (CR, PR, SD,
Relapse). Extramedullary involved sites were assessed and subse-
quently reevaluated with physical examination and radiological
investigations as Computer Tomography (CT), Magnetic Resonance
(MRI) or Positron Emission Tomography (PET) imaging. Accord-
ing to symptoms, physical examination, and radiological imaging,
Complete Remission (CR) was defined as the complete disappear-
ance of symptoms, physical and radiological signs of the disease;
Partial Response (PR) was defined as any dimensional reduction
of disease localizations; Stable Disease (SD) was  defined as the
unchanged persistence of symptoms and physical and radiologi-
cal signs of the disease without dimensional changes; Progressive

Table 1
Patients’ Characteristics at MS Diagnosis.

Patients’ Characteristics (48 pts)

Sex M/F  26/22
Mean Age ± SD. 46,6 ± 18,5
Median Age (range) 46 (15–82)

MS  SUBTYPE N◦ %

de  novo extramedullary MS  9 19%
de  novo AML-related MS  24 50%
secondary AML-related MS 15  31%

KARYOTYPE (available in 32/48) N◦ %

normal 14 44%
complex 7 22%
t(8;21), inv(16) or t(16;16) 5 15%
trisomy 8, other 6 19%

MOLECULAR BIOLOGY
(available in 32/48)a

N◦ %

no  alterations 13 41%
NPM1 8 25%
FLT3-ITD or D835 10 31%
AML1-ETO or CBFbeta-MYH11 7 22%
CEBPA, ETV6-MLL or JAK2 1 3%

a Some patients had more than one molecular alteration.

Disease was defined as the occurrence of new disease localizations
or the dimensional increase of the present ones.

The follow-up of the entire population was updated on the 31st

May  2016.
The Overall Survival (OS) of the population was calculated from

the date of diagnosis to the date of the last follow-up for alive
patients or to the date of death for any cause. OS following Allo-
geneic Stem Cell Transplantation (Allo-SCT) was calculated from
the date of reinfusion of hematopoietic stem cells. Disease Free
Survival (DFS) of the population was calculated from the date of
first remission to the date of the last follow-up or relapse for alive
patients or to the date of death from any cause. DFS following Allo-
SCT was calculated from the date of reinfusion of hematopoietic
stem cells (patients in CR) or from the date of a subsequent remis-
sion. The Odds Ratio test was used to investigate the difference
between frequencies.

OS was estimated with Kaplan-Meier method and the differ-
ences between groups were compared with the Log-rank test.
Univariate and multivariable analysis were carried out with Cox
regression. Statistical significance level in all cases was  considered
for a P value less than 0,05. Data were analyzed by MedCalc soft-
ware, version 12.5.0.0 (MedCalc Software bvba, Belgium).

3. Results

3.1. Patients’ characteristics

Clinical and biological characteristics of the 48 patients included
in the study are summarized in Table 1.
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