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Normal karyotype acute myeloid leukemia with the CD7+
CD15+ CD34+ HLA-DR + immunophenotype is a clinically
distinct entity with a favorable outcome
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Abstract Recently, the presence of CEBPA mutation was
identified as an important prognostic factor for normal karyo-
type (NK) acute myeloid leukemia (AML). Because AML
with CEBPAmutation is closely associated with CD7, CD15,
CD34, and HLA-DR expression, we investigated the prog-
nostic implications of CD7+ CD15+ CD34+ HLA-DR +

immunophenotype in NK-AML. We analyzed the
immunophenotype of 329 patients with NK-AML from the
Japan Adult Leukemia Study Group (JALSG) AML97 popu-
lation. NK-AML with the CD7+ CD15+ CD34+ HLA-DR +
immunophenotype was classified as the CEBPA type, and
NK-AML that did not meet this criterion was considered as
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the non-CEBPA type. The influence of the CEBPA status on
event-free survival (EFS) and overall survival (OS) was
assessed using log-rank test and a multivariate Cox propor-
tional hazard regression model. Furthermore, the surface anti-
gen expression profile in AML according to the CEBPAmuta-
tion status (monoallelic or biallelic) was also investigated. Of
the 329 NK-AML patients that were studied, 39 and 243 were
classified as having CEBPA and non-CEBPA type NK-AML,
respectively. Patients with CEBPA type NK-AML had signif-
icantly better EFS and OS than those with non-CEBPA type
NK-AML. Multivariate analysis showed that the CEBPA type
and white blood cell (WBC) counts of >20 × 109/L were
independent prognostic factors for EFS and OS. Moreover,
NK-AMLwith the biallelicCEBPAmutation was more closely
associated with CD34 positivity than that with the monoallelic
CEBPA mutation. NK-AML with the CD7+ CD15+ CD34+
HLA-DR + immunophenotype is a clinically discrete entity,
and this may have a possible role in risk stratification.

with this subtype are considered to have an intermediate risk,
and upfront hematopoietic stem cell transplantation (HSCT) is
commonly recommended [7-9]. However, even though treat-
ment strategies seem promising, the prognosis of NK-AML is
variable when molecular evaluation of the FLT3, NPM1, and
CEBPAmutations is taken into account [10-14]. Schlenk et al.
[10] reported that NK-AML patients with the CEBPA muta-
tion or NPM1mutation, but without the FLT3mutation, had a
favorable prognosis and that upfront HSCT in these patients
did not contribute to the overall survival (OS). Although the
detection of subgroups is necessary for decisions on the most
appropriate treatment strategy, routine molecular diagnoses
are often difficult in clinical practice.

AML with the CEBPAmutation has a homologous surface
antigen expression that is closely associated with CD7, CD15,
CD34, and HLA-DR positivity [15, 16]. We speculated that
immunophenotyping for CD7, CD15, CD34, and HLA-DR in
patients with NK-AML could identify a distinct subtype of
AML that clinically mimics AML with the CEBPAmutation.
In the Japan Adult Leukemia Study Group (JALSG) AML97
study, almost 42 % of the patients with AML were diagnosed
with NK-AML. For this study, results of surface antigen
expression were obtained at the time of enrollment. Further,
we used data from the JALSGAML97 study to investigate the
clinical significance of these surface antigens for the prognosis
of patients with NK-AML.

Patients and methods

Patients

We conducted a retrospective review of patient data from the
multicenter JALSG AML97 study. Detailed information of
this study and its results has previously been reported [17, 18].
Briefly, between December 1997 and July 2001, patients aged
15–64 years, with newly diagnosed de novo AML, excluding
those with APL, were consecutively enrolled to the JALSG
AML97 study. In total, 789 of the 809 AML patients were
eligible for the study, and informed consent was obtained from
all patients or their guardians before enrollment. The study
protocol was approved by the research ethics boards of all
participating institutions, and the study was conducted in
accordance with the Declaration of Helsinki.

Cytogenetic studies

The results from the cytogenetic studies, which were per-
formed at each of the institutions, were reported to the
JALSG Statistical Center. Routinely, 20 metaphases were
counted for each patient and analyzed according to the
recommendations of the International System for Human
Cytogenetic Nomenclature.
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Introduction

In recent years, immunophenotyping of hematologic neo-
plasms has become standard practice to establish a diagnosis
and define the origin of the malignant cell lineage. Patients
with acute myeloid leukemia (AML) often show aberrant
cellular antigen expression as well as chromosomal abnormal-
ities. The clinical significance of surface antigen expression
has been studied for more than 20 years, but thus far, it has
yielded inconsistent results [1]. Nevertheless, if the evaluation
of antigen expression is limited to a subtype of AML, we
would bemore likely to find a significant relationship between
surface antigen expression and prognosis. For example, the
significance of CD56 expression as an adverse prognostic
factor in both acute promyelocytic leukemia (APL) and
AML with t(8;21) is widely accepted [2, 3].

Normal karyotype (NK)-AML is the most common sub-
type of AML, accounting for 40–50 % of cases [4-6]. Patients
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Flow cytometry

Immunophenotyping was performed at each institution, pri-
marily on freshly collected bone marrow or peripheral blood
samples that were collected at the time of diagnosis. Leukemic
cell analysis was performed at local or reference laboratories
by standard immunofluorescence methods using monoclonal
antibodies directed against the CD2, CD3, CD4, CD5, CD7,
CD8, CD11b, CD13, CD15, CD19, CD33, CD34, CD41a,
CD56, and HLA-DR surface antigens. Samples were consid-
ered positive if at least 20 % of blasts expressed the antigen.

Treatment regimen used in the JALSG AML97 study

Induction therapy consisted of Ara-C at a dose of 100 mg/m2

per day as a continuous infusion on days 1–7 and idarubicin
(IDR) at a dose of 12 mg/m2 per day as a 30-min infusion on
days 1–3. Patients who did not achieve remission after the first
induction cycle were given the same therapy again. Patients
who obtained complete remission (CR) within two courses of
induction therapy were randomly assigned to a group that
received either four courses of standard dose consolidation
therapy without maintenance (arm A) or three courses of
standard dose consolidation along with six courses of main-
tenance therapy (arm B). In the JALSG AML97 study, the 5-
year overall survival rate and the 5-year disease-free survival
(DFS) rate between the arms were not statistical different [17].

Surface antigen expression profile according to the CEBPA
mutant pattern

We also investigated the surface antigen expression profiles
according to CEBPA mutant pattern in 318 AML patients
based on the data records of AML patients enrolled at the
Kumamoto and Nagasaki Universities. High molecular
weight genomic DNA was extracted from the bone marrow
or peripheral blood samples after Ficoll separation of mono-
nuclear cells. Mutations of the CEBPA gene was detected by
genomic DNA PCR, and direct sequencing was performed at
each institution, as described previously [19, 20].

Statistical analysis

OS for all patients was defined as the period from the date of
diagnosis to the date of death. Event-free survival (EFS) was
defined as the period from the date of diagnosis to the date of
the first recurrence after CR or any cause of death. All patients
who underwent HSCTwere censored from the EFS analysis on
the date of HSCT treatment. The Kaplan-Meier method was
used to estimate the EFS and OS. The log-rank test was used to
compare the EFS or OS of the two groups. Factors that could
potentially affect clinical outcome, including age, sex, WBC
count, performance status at diagnosis, and the expression of

each surface antigen were analyzed by the multivariate Cox
proportional hazard regression model. Fisher’s exact test and
Student’s t test were used to compare factor differences between
the two groups. Statistical analysis was performedwith the JMP
software version 8.0.1 (SAS Institute Inc., Cray, NC, USA).

Results

Definition of the CEBPA type

For this study, CEBPA typeNK-AMLwas defined asNK-AML
that showed the CD7+ CD15+ CD34+ HLA-DR +
immunophenotype because these antigens are commonly
expressed in AML with the CEBPA mutation [15, 16]. Non-
CEBPA type NK-AML was defined as NK-AML that did not
have the CD7+ CD15+ CD34+HLA-DR + immunophenotype.

In total, 329 patients were diagnosed with NK-AML. The
expression of CD7, CD15, CD34, and HLA-DR was exam-
ined in 303, 201, 306, and 302 patients, respectively. Of the

Fig. 1 Kaplan-Meier curves show event-free survival (EFS) and overall
survival (OS) according to the CEBPA status. EFS and OS for each group
are shown in a and b, respectively. Log-rank test revealed the 5-year EFS
to be 48.5 and 30.5 % for patients with CEBPA and non-CEBPA type
NK-AML, respectively, which was significantly different (P=0.044). The
5-year OS of patients with CEBPA and non-CEBPA type NK-AML was
also significant (67.4 and 35.7 %, respectively; P=0.0038)
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329 NK-AML patients, 39 were classified as having the
CEBPA type and 243 were classified as having the non-
CEBPA type NK-AML. We excluded 47 patients whose of
immunophenotype could not be determined.

EFS and OS

The 5-year EFS rate for patients with CEBPA type NK-AML
was 48.5 %, which was significantly higher than the 30.5 %
for patients with non-CEBPA type NK-AML (P=0.044,
Fig. 1a). Furthermore, the 5-year OS rate for patients with
CEBPA type NK-AMLwas also significantly higher than that
for patients with non-CEBPA type NK-AML (67.4 vs 35.7 %,
P=0.0038, Fig. 1b).

Univariate analysis showed that the outcome of patients
with increased WBC counts at diagnosis was significantly
worse (Tables 1 and 2), in agreement with previous reports
[1]. Furthermore, CEBPA type was also a significant factor
for better EFS and OS (Tables 1 and 2). Multivariate anal-
ysis showed CEBPA type and increased WBC counts to be
independent prognostic factors (Tables 1 and 2). Other

factors such as age, performance status, sex, or the expres-
sion of each of the single surface antigens did not affect the
EFS and OS rates.

Our study included 12 patients with CEPBA type NK-
AML and 77 patients with non-CEBPA type NK-AML who
received HSCT. There was no significant difference among
patients who received HSCT in these two groups (Table 3).
The 2-year OS after HSCT in these groups were 61 and 41 %,
respectively, which did not reach significance (P=0.467).

Clinical profiles in CEBPA type

The CEBPA type was identified as an independent prognostic
factor for EFS and OS. Therefore, we analyzed the character-
istics of CEBPA type (Table 3). Sex, WBC count, or perfor-
mance status was not associated with CEBPA or non-CEBPA
type NK-AML. In contrast, compared with non-CEBPA type
NK-AML, CEBPA type NK-AML was associated with youn-
ger age, higher myeloperoxidase (MPO)-positive rates, fre-
quent presentation with Auer rods, and a French-American-
British (FAB) classification of M1 or M2.

Table 1 Analysis of prognostic factors for event-free survival in the NK-AML population (n=329)

Factors Number (positive/negative) Univariate analysis Multivariate analysis

HR (95 % CI) P value HR (95 % CI) P value

Age > 50 years 131/198 1.04 (0.77–1.39) 0.812

Female sex 141/188 0.81 (0.60–1.09) 0.168

WBC count of >20×109/L 165/164 1.74 (1.30–2.34) 0.0002 1.56 (1.14–2.14) 0.0052

Performance status ≥2 29/300 1.21 (0.72–1.91) 0.461

CD7 108/195 0.96 (0.70–1.31) 0.808

CD15 113/88 0.77 (0.52–1.13) 0.174

CD34 166/140 1.26 (0.94–1.71) 0.127

HLA-DR 255/47 1.16 (0.77–1.82) 0.483

CEBPA type 39/243 0.61 (0.36–0.96) 0.034 0.59 (0.35–0.94) 0.026

Table 2 Analysis of prognostic factors for overall survival in the NK-AML population (n=329)

Factors Number (positive/negative) Univariate analysis Multivariate analysis

HR (95 % CI) P value HR (95 % CI) P value

Age > 50 years 131/198 1.19 (0.89–1.60) 0.240

Female sex 141/188 0.80 (0.59–1.08) 0.144

WBC count of >20×109/L 165/164 1.51 (1.13–2.03) 0.0059 1.44 (1.05–1.97) 0.023

Performance status ≥2 29/300 1.23 (0.72–1.96) 0.437

CD7 108/195 0.79 (0.57–1.09) 0.150

CD15 113/88 0.72 (0.49–1.07) 0.101

CD34 166/140 1.10 (0.81–1.50) 0.526

HLA-DR 255/47 0.95 (0.64–1.47) 0.807

CEBPA type 39/243 0.41 (0.22–0.71) 0.0008 0.40 (0.21–0.69) 0.0005
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Surface antigen profiles according to CEBPAmutant pattern

We investigated the expression of surface antigens according
to monoallelic or biallelic CEBPA mutation in patients with
AML. Of the 318 AML patients, 41 were diagnosed with the
CEBPAmutation, which included 29with biallelic and 12with
monoallelic mutations. The presence of the CEBPAmutation
was common in intermediate risk AML, including NK-AML.
In contrast, the mutation was uncommon in core-binding
factor (CBF)-AML and adverse risk AML.

To investigate the association between surface antigen
expression and CEBPA mutant pattern in NK-AML patients,
the expressions of CD7, CD34, and HLA-DR were examined
(Table 4). There was a significantly higher frequency of CD34
expression in AML patients with biallelic CEBPA mutation
than in those with monoallelic mutation.

Discussion

The results of this study show that the CD7+ CD15+ CD34+
HLA-DR + immunophenotype is a significant predictor of OS
in patients with NK-AML. We were able to analyze data from
a well-designed, uniform, prospective study. In addition, we
observed that CEBPA type NK-AML was a discrete clinical
entity, which is closely associated with high MPO positivity

rates, Auer rod positivity, FAB classification of M1 or M2,
and a younger age. These characteristics are very similar to the
characteristics of AML with CEBPA mutation as previously
reported: AML with the CEBPAmutation also had high MPO
rates [19], FAB classification ofM1 orM2 [21], and better OS
[10, 11]. In addition, the prognosis of CEBPA type NK-AML
was almost similar to that in the favorable risk group of AML
as indicated by the JALSG scoring system [17] and that in
AML patients with the CEBPAmutation [10, 11], as previous-
ly reported. Moreover, of 282 patients with NK-AML, 14 %
had CEBPA type NK-AML, which is similar to that observed
in previous reports (i.e., 10–18 % of patients with NK-AML
had the CEBPAmutation) [22].

It is also known that the expressions of CD7, CD34, and
HLA-DR are associated with poor clinical outcomes in AML
[1]. In contrast to previous reports, our study, which was
limited to NK-AML patients, demonstrated that the expres-
sion of single surface antigens including CD7, CD15, CD34,
and HLA-DR did not have prognostic significance.Moreover,
the CEBPA immunophenotype demonstrated a favorable OS
even though the population positively expressed CD7, CD34,
and HLA-DR, which have previously been considered poor
prognostic factors.

It was previously reported that CD7 expression is associ-
ated with the FLT3mutation [23], CEBPAmutation [15, 16],
and adverse risk cytogenetics [2, 24]. Furthermore, CD34
positivity is frequently observed in patients with adverse risk
cytogenetics and t(8;21) AML [2], and it is negatively asso-
ciated with NPM1 mutations [25]. Another surface antigen,
the B-cell marker CD19, which is observed in t(8;21) AML
and that is associated with negativity for KITmutation, favor-
ably affects CR in AML patients with t(8;21) [2, 26]. Taken
together, these results represent the difficulty in analyzing the
heterogeneous population of AML as a total group because
the impact of chromosomal and/or molecular abnormalities on
prognosis makes it difficult to conclusively interpret the sig-
nificance of surface antigen expression.

Table 3 Correlations of the
clinical profiles and treatments
in patients with CEBPA and
non-CEBPA type NK-AML

MPOmyeloperoxidase, FAB
French-American-British classifi-
cation, HSCT hematopoietic stem
cell transplantation, CR complete
remission

Factors CEBPA type (n=39) Non-CEBPA type (n=243) P value

Clinical profile

Age (year), median (range) 38 (16–64) 48 (15–64) 0.018

Sex (male/female) 27:12 138:105 0.164

WBC count (×109/L), median (range) 21.8 (3.0–449.5) 19.1 (0.6–709.0) 0.301

Auer rod: positive/negative 31/7 101/139 <0.0001

FAB M1 or M2/others 37/2 122/121 <0.0001

MPO positivity of >50 %/≤50 % 30/6 95/105 <0.0001

Performance status ≥2/0–1 4/35 19/224 0.538

HSCT 12 77 1.000

CR1 4 33 0.798

CR2 5 14 0.157

Others 3 30 0.592

Table 4 Surface antigen expression in AML patients according to
monoallelic or biallelic CEBPAmutation

Factors Monoallelic CEBPA
mutation

Biallelic CEBPA
mutation

P value

Positive/negative (%) Positive/negative (%)

CD7 7/3 (70) 23/4 (85) 0.360

CD34 5/5 (50) 25/2 (93) 0.009

HLA-DR 11/0 (100) 23/2 (92) 1.000

Ann Hematol (2014) 93:957–963 961



On the other hand, the population, which we detected with
this combination of surface antigens, is evidently a distinct
subtype of NK-AML with a discrete clinical profile (Table 3).
Our findings show that specific subtypes of AML such as NK-
AML with the CEBPA mutation potentially exist, and it sug-
gests that the population of patients who have a favorable
prognosis may well be identified through an analysis of the
surface antigens that are expressed. Therefore, if the molecular
evaluation is unavailable, an analysis of surface antigens may
help in identifying patients with a favorable prognosis.

It is known that biallelic CEBPA mutations, but not
monoallelic mutations, have a favorable prognosis [27]. Our
study, which included all cases with the CEBPA mutation,
showed that 93 % of cases with biallelic mutation were
positive for CD34, while only 50 % of cases with monoallelic
mutation were positive (Table 4), suggesting that CD34 is an
important factor for distinguishing the mutant pattern. Be-
cause low activity of CEBPA is thought to be a critical factor
for sustaining the immature character of AML cells [28], we
hypothesized that a more potent inactivation of CEBPA by
biallelic mutation results in the frequent incidence of CD34
positivity.

In this study, immunophenotypic analyses were not per-
formed at a central facility. Another limitation of our study is
the possible selection bias; not all the institutes performed
cytometric analysis of all AML97 study antigens at the time
of patient enrollment. This resulted in a reduction in sample
size, because CEBPA status was not detected in 14 % of
patients with NK-AML. JALSG has recently investigated
whether molecular evaluations, including that of the CEBPA
mutation, affect patient prognosis [29]. In the future, we hope
to clarify the relationships among surface antigen expression,
cytogenetics, molecular evaluation results, and clinical fea-
tures of AML. In conclusion, we found that the CD7+ CD15+
CD34+ HLA-DR + immunophenotype has a potential role in
risk stratification for patients with NK-AML.
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