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To investigate the clinical significance of granulocytic sarcoma
(GS) in adults with acute myeloid leukemia (AML), 434 consecu-
tive patients with AML were analyzed retrospectively. Forty-five
patients (10.4%) with GS at diagnosis were younger (P < 0.001),
presented with higher white blood cell counts (P = 0.03) and
were more likely to conform to French–American–British M4
(P = 0.001) and M5 (P = 0.045) classifications than those without
GS. In contrast, no significant difference in frequency of cytoge-
netic abnormalities was found between the GS and non-GS
groups. Treatment outcomes in 260 patients (40 with GS) who
underwent intensive chemotherapy, excluding patients with
acute promyelocytic leukemia, were investigated. Complete
remission rates did not differ significantly between the GS and
non-GS groups (75.0% vs 79.1%; P = 0.192, respectively) or the 5-
year overall survival (OS) rates (39.9% vs 38.7%; P = 0.749,
respectively). However, the GS group had a significantly higher
relapse rate than the non-GS group (74.2% vs 55.3%; P = 0.048)
and a significantly lower 5-year disease-free survival rate (8.2%
vs 25.7%, respectively; P = 0.005). When considered together
with the results of multivariate analysis, which identified the
presence of GS as an independent predictor for disease-free
survival time, these findings indicate that GS might identify a
high-risk subset of patients with AML. (Cancer Sci 2012; 103:
1513–1517)

G ranulocytic sarcoma (GS), a rare extramedullary tumor
composed of malignant granulocytic precursor cells that

affects 3–9% of patients diagnosed with acute myeloid leuke-
mia (AML),(1–3) occurs concomitantly with or after a diagnosis
of AML. Granulocytic sarcoma can occur in any organ and
common sites are bones, lymph nodes, soft tissues and skin.(4)

Other organs, including the brain,(5,6) orbit(7,8) and genitouri-
nary system,(9,10) are infrequently affected by GS. Such varia-
tion in its site of occurrence complicates accurate diagnosis of
GS, and, moreover, the low incidence of GS has impeded
establishment of the clinical characteristics of patients with
GS. Several studies have reported that specific factors, includ-
ing French–American–British (FAB) M4 and M5 classifica-
tion(11,12) and the expression of CD56(13,14) or T-cell antigens
(CD2, CD4 and CD7)(15,16) on leukemia cells, are associated
with GS, while others have identified an association between
GS and t(8;21)(17,18) or inv(16).(19,20)

Establishment of the clinical characteristics of GS has been
further impeded by the mixed results obtained by several stud-
ies that investigated the prognosis of GS in limited subpopula-
tions of AML patients. Byrd et al.(21) found that GS was
associated with unfavorable outcomes and a shorter survival
time (median 5.4 months with GS vs 59.5 months without GS)
among AML patients carrying t(8;21), whereas Felice et al.(22)

argued that GS had no adverse prognostic impact on AML
patients carrying t(8;21). In light of these discrepant findings,

this study aimed to clarify the clinical significance of GS
among AML patients by comparing the clinical characteristics
and treatment outcomes of AML patients with GS and those
without GS. By using a large-scale retrospective study design
to examine 434 AML patients, this study fills an important
research need to investigate the clinical significance of GS
among a large general population of adult AML patients.

Patients and Methods

The medical records of 434 consecutive patients who had
received a diagnosis of AML between January 1990 and
December 2008 at our three cooperative hospitals in Gunma,
Japan were analyzed retrospectively. All patients gave
informed consent in accordance with the Declaration of Hel-
sinki before initiation of treatment. The present study was
approved by the Institutional Review Board of Gunma Univer-
sity Hospital. Acute myeloid leukemia had been diagnosed
according to the FAB classification(23) or the World Health
Organization classification.(24) Granulocytic sarcoma was
defined as the presence of extramedullary tumors that were
identified on physical examination and/or by imaging studies
(computed tomography scan or magnetic resonance imaging)
at the initial diagnosis of AML and responded to chemother-
apy. Pathological confirmation was not necessarily required.
With regard to lymph nodes, those with a size of more than
1.5 cm were included, whereas those that were more likely to
be purulent lymphadenitis with tenderness and redness were
excluded. Patients with hepatomegaly, splenomegaly or dis-
seminated infiltration of leukemia cells in the skin and central
nervous system that did not form tumors were excluded from
the definition of GS.
The clinical data during the period before the induction che-

motherapy were collected from the medical records of all 434
patients. Of the 434 patients, 174 (40.1%) were excluded from
the survival analysis if they fulfilled one or more of the fol-
lowing criteria: (i) diagnosis of acute promyelocytic leukemia
(APL) (54 patients; 31.0%); (ii) over 65 years of age (113
patients; 64.9%); or (iii) comorbidity and poor performance
status (seven patients; 4.0%). Thus, the remaining 260 patients
who were eligible for intensive chemotherapy were investi-
gated for treatment outcomes.
Analysis of surface markers on the leukemia cells was

performed using flow cytometry with monoclonal antibodies
against CD7, CD11b, CD13, CD14, CD15, CD19, CD33, CD34,
CD56 and HLA-DR. Expression of each antigen was considered
positive if at least 20% of the leukemia cells expressed the
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respective antigen. Cytogenetic subgroups were classified as
favorable, intermediate and adverse risk according to a largely
accepted classification system as follows:(25) (i) favorable risk
included t(8;21), t(15;17) and inv(16); (ii) intermediate risk
included normal karyotypes, 11q23 aberrations and others; (iii)
adverse risk included -5, -7, del(5), 3q abnormalities and com-
plex karyotype (five or more abnormalities).

Treatment protocols. Two hundred and sixty patients who
were eligible for intensive chemotherapy were treated accord-
ing to the Japan Adult Leukemia Study Group (JALSG) treat-
ment protocols (JALSG AML92,(26) AML95,(27) AML97(28) or
AML201(29)). All protocols consisted of single induction ther-
apy with anthracycline (daunorubicin or idarubicine) plus cyt-
arabine or enocitabine and were followed by three or four
courses of consolidation therapy. Local irradiation to the site
of GS, if possible, was planned for patients with large GS
(>5 cm) and five patients received it. Patients in a high-risk
group had been considered as candidates for allogeneic stem
cell transplantation (allo-SCT). Of the 260 patients, 94 had
undergone an allo-SCT (19 patients in the GS-group and 75
patients in the non-GS group).

Statistical analysis. In patients with GS, a diagnosis of com-
plete remission required the disappearance of GS with imaging
studies in addition to the usual bone marrow examination. Over-
all survival (OS) was defined as the interval from the date of
diagnosis to the date of death. Disease-free survival (DFS) was
defined as the interval from the date of the first CR to the date
of the first relapse or the date of death during the period of the
first CR. Patients who underwent allo-SCT were censored. The
v2 test was used for comparison of binary variables and the
Mann–Whitney U-test was used for comparison of continuous
variables. The OS and DFS were estimated using the Kaplan–
Meier method and compared using the log-rank test. The Cox
proportional hazards regression model was used for multivariate
analysis of prognostic factors. All calculations were performed
using the SAS software package (SAS Institute Inc., Cary, NC,
USA) and P < 0.05 was considered statistically significant.

Results

Baseline characteristics. Of the 434 AML patients, 260
patients were men and 174 were women, and the median age
was 57 years (range, 15–89 years). The patients’ baseline char-
acteristics are shown in Table 1. Of the 434 patients, 45
(10.4%) had GS at the time of diagnosis of AML, and among
those with GS only one was diagnosed as isolated GS. The
patients in the GS group were significantly younger (GS: med-
ian age, 46 years; range, 15–80 years vs non-GS: median age,
58 years; range, 15–89 years; P < 0.001) and had significantly
higher white blood cell (WBC) counts (GS: median,
27.1 9 109/L vs non-GS: 10.2 9 109/L; P = 0.03) than those
for the non-GS group. In contrast, no significant differences
were observed between the GS and non-GS groups in gender
or lactate dehydrogenase levels.

Sites of GS. As shown in Table 2, the most frequent site of
GS was the lymph nodes (25 cases, 55.6%) followed by the
central nervous system (four cases, 8.9%) and bones (four
cases, 8.9%). Other specific organs involved with GS were the
mediastinum (three cases, 6.7%), skin (two cases, 4.4%), testis
(two cases, 4.4%), mammary glands (two cases, 4.4%), parotid
gland (two cases, 4.4%), uterus (one case, 2.2%), pancreas
(one case, 2.2%) and the small intestine (one case, 2.2%). Two
patients had GS at two distinct sites concomitantly: bones and
mammary glands.

French–American–British classification, surface markers and
cytogenetic abnormalities. French–American–British classifica-
tion of the GS and non-GS groups is shown in Table 1.
Patients in the GS group were categorized more frequently as

FAB M4 (P = 0.001) and M5 (P = 0.045) and less frequently
as M3 (P = 0.042) than those in the non-GS group. As indi-
cated by immunophenotypic analysis shown in Table 3, no sig-
nificant differences between the GS and non-GS groups were
observed regarding the expression of each surface marker,
including CD7 and CD56. Additionally, no specific surface
marker to each GS site was identified. Likewise, cytogenetic
analysis, as shown in Table 3, revealed that no significant
differences were found between the GS and non-GS groups
regarding the distribution of cytogenetic subgroups or the
frequency of individual cytogenetic abnormalities, including t
(8;21), 11q23, inv(16) and complex karyotypes.

Treatment outcomes. Of the 260 patients enrolled in the
analysis of treatment outcomes, 162 were men and 98 were
women and the median age was 50 years (range, 15–65 years).
Of the 260 patients, 40 had GS and 220 did not. There were
no significant differences in age, gender, allo-SCT treatment or
cytogenetic abnormalities between the GS and non-GS groups.
Among the 221 patients who had achieved CR, 165 (63.5%)

had achieved CR after the first induction therapy, 39 (15.0%)
after the second induction therapy and 17 (6.5%) after more

Table 1. Characteristics and French–American–British (FAB) classi-

fications of 434 consecutive patients diagnosed with acute myeloid

leukemia

GS group Non-GS group P-value

Patients, n (%) 45 (10.4) 389 (89.6)

Median age

(range) (years)

46 (15–80) 58 (15–89) <0.001

No. men/no.

women

31/14 229/160 0.194

Median WBC

(range) (9109/L)

27.1 (0.8–507.5) 10.2 (0.3–561.4) 0.030

Median LDH

(range) (IU/L)

730 (128–5106) 518 (91–6041) 0.500

FAB classification

M0 2 (5.1) 16 (4.3) 0.799

M1 7 (17.9) 55 (14.6) 0.580

M2 10 (25.6) 157 (41.8) 0.051

M3 1 (2.6) 53 (14.1) 0.042

M4 12 (30.8) 45 (12.0) 0.001

M5 7 (17.9) 31 (8.2) 0.045

M6 1 (2.6) 12 (3.2) 0.830

M7 0 (0.0) 7 (1.9) 0.390

GS, granulocytic sarcoma; LDH, lactate dehydrogenase; WBC, white
blood cells.

Table 2. Site of GS in 45 acute myeloid leukemia patients

Site of GS n (%)

Lymph node 25 (55.6)

Central nervous system 4 (8.9)

Bone 4 (8.9)

Mediastinum 3 (6.7)

Skin 2 (4.4)

Testis 2 (4.4)

Mammary gland 2 (4.4)

Parotid gland 2 (4.4)

Uterus 1 (2.2)

Pancreas 1 (2.2)

Small intestine 1 (2.2)

GS, granulocytic sarcoma.
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than two courses of induction therapy. Of these 221 patients,
128 (57.9%) had experienced a relapse. Although the CR rates
within two courses of induction therapy did not differ signifi-
cantly between the GS and non-GS groups (75.0% vs 79.1%,
respectively; P = 0.563), the GS group experienced a higher
rate of relapse than the non-GS group (74.2% vs 55.3%,
respectively; P = 0.048). After the first relapse, the probabili-
ties of second CR were not significantly different between the
GS and non-GS groups (66.7% vs 62.4%, respectively;
P = 0.678). Regarding the sites of relapse, patients in the GS
group showed a significantly higher frequency of relapse with
GS than those in the non-GS group (26.1% vs 6.7%, respec-
tively; P = 0.005).
Among 260 patients examined, the 5-year OS and 5-year

DFS rates were 40.7% and 25.1%, respectively. As shown in
Figure 1, the 5-year OS rate did not differ significantly
between the GS and non-GS groups (39.9% vs 38.7%, respec-
tively; P = 0.749), whereas the 5-year DFS rate of the GS
group was significantly lower than that of the non-GS group
(8.2% vs 25.7%, respectively; P = 0.005). Among five patients
who received local irradiation for GS, three achieved continu-
ous CR. Although the other two patients experienced relapses
at both bone marrow and extramedullary sites, relapses at the
same extramedullary sites were not observed.

Impact of allo-SCT. Of the 40 patients in the GS group in the
present study, 19 had undergone allo-SCT using myeloablative
conditioning regimens that included total body irradiation. Of
these 19 patients, four received allo-SCT from a related human
leukocyte antigen (HLA)-matched donor, 11 from an unrelated
HLA-matched donor and four from cord blood. Regarding
disease status, 10 patients had been in CR at the time of
allo-SCT. Although the patients who received allo-SCT were
significantly younger than those who did not (median 29 years
vs 53 years, respectively; P < 0.001), the 5-year OS rate after
diagnosis of the patients treated with allo-SCT was signifi-
cantly higher than that with chemotherapy alone (52.6% vs
20.8%, respectively; P = 0.029) (Fig. 2a). Furthermore, of the

10 patients who had undergone allo-SCT while in CR, includ-
ing second and third CR, nine remained in continuous CR at
the time of analysis, whereas of the nine patients who had
undergone allo-SCT in non-CR only one was a DFS.
Of the 220 patients in the non-GS group, 75 had undergone

allo-SCT. Of all 94 patients who had undergone allo-SCT,
those in the GS group were significantly younger than those in
the non-GS group (median age, 29 years vs 49 years, respec-
tively; P = 0.013), but the conditioning regimen, the stem cell
source and disease status were not significantly different
between the groups (data not shown). Moreover, as shown in
Figure 2b, the 5-year OS rate after allo-SCT was not signifi-
cantly different between the GS and non-GS groups (52.6% vs
32.1%, respectively; P = 0.269).

Multivariate analysis. Although multivariate analysis of OS
revealed age and cytogenetic risk groups but not GS as inde-
pendent prognostic factors, GS was an independent prognostic
factor for DFS in addition to age and cytogenetic risk groups
(Table 4). These results indicate that the presence of GS was
predictive for DFS but not for OS.

Discussion

Most research on GS has primarily focused on examining dis-
tinct subpopulations of AML patients, such as young adults or

Table 3. Surface markers and cytogenetic abnormalities of 434 acute

myeloid leukemia patients

GS group,

n (%)

Non-GS group,

n (%)
P-value

Surface marker

CD13 40 (90.9) 327 (88.6) 0.648

CD33 41 (93.2) 342 (92.7) 0.904

CD34 27 (67.5) 200 (58.1) 0.254

HLA-DR 34 (79.1) 278 (75.5) 0.609

CD11b 12 (34.3) 68 (24.5) 0.213

CD14 5 (12.5) 22 (6.3) 0.146

CD15 20 (57.1) 140 (52.4) 0.600

CD7 13 (29.5) 88 (23.9) 0.412

CD19 4 (9.1) 40 (17.0) 0.185

CD56 13 (33.3) 96 (29.2) 0.591

Cytogenetic abnormalities

Favorable 6 (13.3) 103 (27.2) 0.051

t(8;21) 3 (6.7) 42 (10.7) 0.379

inv(16) 2 (4.4) 10 (2.6) 0.477

t(15;17) 1 (2.2) 47 (12.1) 0.044

Intermediate 31 (68.9) 239 (61.4) 0.371

Normal 17 (37.8) 162 (41.6) 0.580

11q23 3 (6.7) 14 (3.6) 0.324

Other 11 (24.4) 63 (16.2)

Adverse 8 (17.8) 36 (9.3) 0.078

Complex 6 (13.3) 25 (6.4) 0.093

Other 2 (4.4%) 11 (2.8)

GS, granulocytic sarcoma.
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Fig. 1. Overall survival rates (a) and disease-free survival rates (b) of
260 acute myeloid leukemia patients with or without granulocytic
sarcoma (GS) whose outcomes were examined.
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patients with t(8;21).(18,19) To fill the research need for broad
examination of a larger AML patient population, the present
study conducted a large-scale analysis of adult patients with

AML to explore the clinical significance of GS among this
general population.
The present study confirmed that GS develops predominantly

in younger patients and is associated with higher WBC counts.
It also showed that patients in the GS group presented with
higher frequencies of FAB M4 and M5 morphology, which is
consistent with previous reports.(12,13) In contrast, GS occurred
less frequently in M3 AML. These findings indicate that AML
with accompanying GS might be a distinctive subgroup among
adult AML patients from a biological aspect.
A close association between the occurrence of GS and the

expressions of CD7 or CD56 has been described and CD56 is
an adhesion molecule that is considered to play a role in the
formation of GS.(13,14) However, no specific surface makers
associated with GS were identified.
Moreover, we did not find any cytogenetic abnormalities

specific for AML with GS. In a study of 53 AML M2 patients,
Tallman et al.(17) reported a high incidence of GS among
patients carrying t(8;21), finding that three of eight patients
carrying t(8;21) developed GS (38%), whereas none of the oth-
ers develop GS. In a similar study, Swirsky et al.(18) reported
that seven of 33 patients with t(8;21) developed GS (21%).
Several investigators have reported an association between
inv16 and the development of GS in the abdominal cavity,
especially in the small intestine.(19,20) However, only one
patient in the present study developed GS in the pancreas and
no patient developed GS in the small intestine.
Prevalence of GS at a time of AML diagnosis was 10.4% in

this group of patients and 10.4% is slightly higher than that
reported previously.(1,2) Lymph nodes were the most frequently
affected organ, by 53.2%, which is higher than the rates in
previous reports.(4) These higher rates might be explained by
the criteria used to define GS, which was based on the physi-
cian’s examination, imaging studies and the response to chem-
otherapy, but did not require pathological confirmation.
Therefore, we might have overestimated the incidence of GS,
especially in the lymph nodes. However, patients with enlarged
lymph nodes as the only site of GS showed similar clinical
presentations and treatment outcomes to other patients in the
GS group (data not shown). As it is often difficult to obtain
pathological samples at the time of AML diagnosis because of
bleeding and the risk of infection, we are confident that our
criteria for GS is acceptable in clinical practice.
The most important implication in the present study is that

if treated only with chemotherapy the adult AML patients with
GS are at a higher risk of relapse than those without GS.
Although the CR rate did not differ significantly between the
GS and non-GS groups, the relapse rate of the GS group was
significantly higher (74.2% vs 55.3%, respectively; P = 0.048)
and the 5-year DFS was significantly lower (8.2% vs 25.7%,
respectively; P = 0.005) than those of the non-GS group. The
implication of these findings, that GS is an independent predic-
tive factor for the DFS period, was confirmed using multivari-
ate analysis.
In addition, the difference in the pattern of relapse could be

identified between both groups. Patients in the GS group was
more likely to experience relapses with GS, so vigilance is
required regarding development of extramedullary relapse,
especially during follow up of patients with GS at the time of
diagnosis.
To describe the explanation for comparable OS despite

lower DFS in the GS group, we examined the impact of allo-
SCT. Although patients with GS who underwent allo-SCT
were in a significantly younger cohort and selection bias
existed, a favorable prognosis for them compared with patients
treated with chemotherapy alone was shown. Furthermore,
comparable survival rates after allo-SCT between the GS
and non-GS groups indicated that GS was not a negative
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Fig. 2. Impact of allogeneic stem cell transplantation. Overall survival
rates of 40 acute myeloid leukemia patients with granulocytic sarcoma
(GS) treated with or without allogeneic stem cell transplantation (allo-
SCT) (a). Overall survival rates of 94 patients with or without GS who
had undergone allo-SCT (b).

Table 4. Multivariate analysis of OS and DFS in 260 acute myeloid

leukemia patients examined for treatment outcomes

OS DFS

P-

value
HR (95% CI)

P-

value
HR (95% CI)

GS vs non-GS 0.651 1.11 (0.70–1.76) 0.008 1.72 (1.16–2.57)

Age (�50

vs > 50) (years)

0.007 1.60 (1.13–2.25) 0.433 1.14 (0.83–1.56)

Sex 0.229 1.23 (0.88–1.71) 0.363 1.16 (0.84–1.59)

WBC (� 20 000

vs > 20 000)

0.079 0.74 (0.53–1.04) 0.683 0.94 (0.68–1.29)

Cytogenetic

subgroups

<0.001 2.19 (1.58–3.02) <0.001 2.00 (1.46–2.73)

FAB (M4, or M5

vs others)

0.877 0.97 (0.66–1.43) 0.900 1.02 (0.72–1.45)

CI, confidence interval; DFS, disease-free survival; FAB, French–Ameri-
can–British; GS, granulocytic sarcoma; HR, hazard ratio; OS, overall
survival; WBC, white blood cells.
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prognostic factor after allo-SCT. Of course further investiga-
tion is essential, but a potential reason for the discrepancy
between the OS and DFS rates is that the relapsed patients in
the GS group were salvaged with allo-SCT.
In a study of 51 patients (37 adults and 14 children) with

GS who had undergone allo-SCT, Chevallier et al. found that
the 5-year OS and DFS rates were 47% and 36%, respec-
tively.(30) These results led them to propose that performing
allo-SCT early in the disease course of AML might decrease
the risk of adverse outcomes. Regarding the 19 patients with
GS who had undergone allo-SCT, whose 5-year OS rate was
57%, the findings of the present study provide support for their
proposal. In addition, the patients who received an allo-SCT
during CR achieved an excellent prognosis.
In conclusion, the present study showed that adult patients

diagnosed with AML and concomitant GS were younger and
presented with higher WBC counts and were more likely to

present with FAB M4 and M5 morphology and less likely
to present with M3 morphology than patients diagnosed
only with AML. Particularly significant, the current study
found that the presence of GS adversely affected the relapse
and DFS rates if treated with chemotherapy alone, indicating
the potential importance of using detection of GS as a
means of identifying a high-risk subset of adult patients
with AML.
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