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Background
Expression of CD56 has been associated with poor prognosis in acute myeloid leukemia
and aggressive lymphoma. 

Design and Methods
We analyzed the impact of CD56 expression in a cohort of 452 newly diagnosed adult T-
cell acute lymphoblastic leukemia (T-ALL) patients; clinical data were available for 306
patients. Treatment was according to the GMALL study protocols 06/99 and 07/03 stipu-
lating stratification into standard (thymic T-ALL) and high risk (pre- and mature T-ALL)
groups.

Results
CD56 expression was detected in 63/452 (13.9%) patients. CD56+ T-ALL were predomi-
nantly of non-thymic (pre-T 35%, mature 41%) immunophenotypic subtypes, whereas
53% of the CD56– cases were thymic T-ALL (p=0.00002). CD13, CD33, CD34 and HLA-
DR were significantly more frequently expressed. A clonal T-cell receptor rearrangement
was detected in 22/23 CD56+ ALL. No major clinical differences were observed at presen-
tation. Treatment of CD56+ ALL resulted in a lower rate of complete remissions (70% vs.
88%) (p=0.001) and a higher rate of resistant disease (21% vs. 8%) (p=0.004). CD56
expression had no significant influence on overall (48% vs. 59%) and disease free survival
(67% vs. 57%) at three years.

Conclusions
CD56 is expressed on a subset of adult T-ALL with distinct immunophenotypical features
and higher resistance to therapy. Most CD56+ ALL were treated in the high-risk arm of the
GMALL study protocols owing to their non-thymic phenotype. Thus after risk adapted
treatment a prognostic impact of CD56 expression was not detectable.
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Introduction

CD56 (neural-cell adhesion molecule; NCAM) is a
marker for natural killer (NK) cells and is also expressed
on a subset of normal T cells. However, neoplastic
myeloid,1,2 lymphoid, plasmacytoid dendritic3 or myelo-
ma4 cells can also express CD56. 

Expression of CD56 has been shown to impact prog-
nosis in different hematologic malignancies. In acute
myeloid leukemia with t(15;17) and t(8;21) as well as in
anaplastic large cell lymphoma it was associated with
poor clinical outcome.5-7 In T-cell acute lymphoblastic
leukemia/lymphoma (T-ALL/LBL) CD56 expression has
been reported for a small number of cases and an asso-
ciation with worse outcome has been suggested.8-11 The
expression of other single antigens such as CD2, CD10
or myeloic antigens has been evaluated for their prog-
nostic impact in T-ALL.12-14 However, the immunological
subtype is still the leading prognostic factor, with
thymic T-ALL having a considerably better prognosis
than pre-T or mature T-ALL.15,16

As the central immunocytological reference laborato-
ry for the prospective GMALL therapy trials we could
take advantage of receiving a large number of leukemia
samples. Therefore, we tried to answer the question
whether CD56+ T-ALL forms a distinct subgroup con-
cerning clinicopathological presentation, differences in
immunophenotype and genotype as compared to other
T-ALL subgroups. We also determined the impact of
CD56 expression on treatment response and survival. In
addition, by analyzing the immunophenotypical data,
we tried to gain more information on a putative com-
mon T/NK precursor cell of origin for this ALL subtype.

Design and Methods

Patients
Between November 1999 and September 2006 pre-

treatment peripheral blood or bone marrow specimens
were obtained from 452 adult (≥15 years of age)
patients. Diagnosis of ALL was confirmed at the central
cytological laboratory according to the French-
American-British criteria17 and by immunophenotyping
at the central GMALL reference laboratory in Berlin.
Patients fulfilling the entry criteria (amongst others: age
15-65 years, ≥25% bone marrow infiltration) were
treated within the GMALL therapy trials 06/1999 and
07/2003. Details of the treatment protocols have been
published elsewhere.18,19 Treatment of patients with T-
cell ALL was stratified into a standard (CD1-positive,
thymic T-ALL) and a high-risk group (pre-T-ALL and
mature T-ALL). Until the first amendment in October
2000, hyperleukocytosis (>100×109/L) was considered
an additional poor prognostic factor, leading to high-risk
allocation of 10 patients with thymic T-ALL, 2 of whom
were CD56-positive. A hematopoietic stem cell trans-
plantation (SCT) (allogeneic or autologous, depending
on availability of a donor) in first complete remission
(CR) was recommended for patients in the high-risk
group. A SCT in the standard risk arm, i.e. thymic T-

ALL, was also possible in case of a level of minimal
residual disease (MRD) >10-4 after induction therapy
and first CR as assessed by quantitative real-time PCR
of clone specific markers. Methods and frequency of
MRD assessment have been reported recently.18 Five
patients with CD56– thymic T-ALL were transplanted
due to an unfavorable course of MRD.

The protocols have been approved by the ethics com-
mittees of the participating study clinics and all patients
had given their consent to the scientific use of their data
and the use of residual sample material obtained during
diagnostic procedures for scientific purposes.

Immunophenotyping
Methods used for immunophenotyping and classifi-

cation of ALL subtypes were applied as previously
described in detail.15,20,21 Briefly, ALL samples were
immunologically classified as pre-T cell (cyCD3+, CD7+,
CD5+/–, CD2–/+, CD1a–, CD4–, CD8–, sCD3–, thymic T
cell (cyCD3+, CD7+, CD5+/–, CD2+/–, CD1a+, CD4+/–,
CD8+/–, sCD3–/+), or mature T cell (cyCD3+, CD7+,
CD5+/–, CD2+, CD1a–, CD4+/–, CD8–/+, sCD3+).
Furthermore, expression of the markers CD56, CD13,
CD33, CD10, CD117, TCR α/β, TCR γ/δ, CD34 and
HLA-DR was investigated. Expression of a marker on
≥20% of the lymphatic blasts was defined as positive.

Cytogenetic and molecular genetic analysis
Cytogenetic analysis and fluorescence in situ

hybridization (FISH) were performed before start of
therapy. Methods for chromosome analysis, G-banding
and FISH analyses, as well as classification of chromo-
some abnormalities according to the International
System for Human Cytogenetic Nomenclature, have
been published previously.22,23 Samples were also tested
for clonal T-cell receptor (TCR) gene rearrangement at
the TCR β, γ and δ locus using real-time quantitative
PCR as previously described.24,25 Both cytogenetic and
molecular genetic analyses were performed in a central
reference laboratory.

Statistical analysis
CD56 subgroups were tested for the clinical variables

sex, age, WBC, hemoglobin level, platelet count; pres-
ence or absence of hepatomegaly, splenomegaly, medi-
astinal tumor and lymphadenopathy and infiltration of
the central nervous system (CNS), for the distribution of
immunological subtypes as well as for abberant antigen
expression. A descriptive analysis of cytogenetics and
molecular biology was performed. The characteristics
of the patients and their response to treatment were
compared by χ2 and Wilcoxon rank-sum tests. All tests
were 2-sided, and adjusted for multiple testing with a p-
value of less than 0.01 indicating a statistically signifi-
cant difference. 

Remission duration was calculated as time from
achievement of CR to time of relapse, death in CR, SCT
or last follow-up; patients with continuous complete
remission, death in CR or SCT in first CR were cen-
sored. Survival was calculated from time of diagnosis to
death or last follow-up. Curves for survival and remis-
sion duration were constructed using the Kaplan-Meier
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method, with differences compared by the log-rank test.
Statistical analyses were performed using the SAS soft-
ware, release 8.02 and the SPSS software package for
Windows, release 14.

Results

Patients’ characteristics
Of 452 patients analyzed by flow cytometry, 344 were

included in the GMALL trials 06/99 and 07/03; the
remaining patients were treated in different protocols or
lost to follow-up. At the time-point of our analysis 306
patients were evaluable for outcome; their characteris-
tics are given in Table 1. Of those patients, 47 (15.4%)
had CD56-positive T-ALL. One-hundred and seventy-
four patients were treated in the 06/99 study and 132 in
the 07/03 study with no significant differences in the
proportion of CD56+ cases.

There were no significant differences in both the
CD56+ and CD56– subgroups concerning sex, median
age, age distribution or clinical presentation in terms of
lymphadenopathy, hepatomegaly, splenomegaly, medi-
astinal tumor or CNS spread. A high proportion of
patients in both groups presented with lymphadenopa-
thy or splenomegaly, whereas CNS infiltration at pres-
entation was infrequent. 

CD56+ T-ALL presented with lower leukocyte counts
and less frequently with leukocytes >30×109/L, and also
with higher platelet counts compared to the CD56–

cases. These differences were statistically significant
(Table 1).

Immunophenotype
Pre-treatment immunophenotypical data were avail-

able for 452 patients. CD56 expression (≥20% of blasts)
was detected in 63 of these patients (13.9%). The level
of CD56 expression (i.e. the percentage of CD56+ blasts)
had a steady distribution within the CD56+ group, there-
fore the existence of further distinct subgroups with
especially high or low levels of CD56 expression was
considered unlikely. The median proportion of CD56+

blasts was 62% in CD56+ T-ALL and 2% in the negative
group. CD56 expression was seen in all subtypes of T-
ALL, however, a significant difference in distribution of
CD56+ T-ALL over the subgroups was detected (Table 2).
Whereas CD1+ thymic T-ALL comprised the largest sub-
group of CD56– T-ALL (53%), in CD56+ T-ALL the
thymic subtype was rather rare (24%). Thus, non-
thymic phenotypes (mature or pre-T) were the domi-
nant subtypes in CD56+ T-ALL (p=0.00002).

A separate analysis of CD56 expression in T-ALL sub-
groups defined according to the European Group for the
Immunological Characterization of Acute Leukemias
(EGIL),26 where mature T-ALL is defined solely by its
surface CD3 expression, showed again a significant dif-
ference for the thymic subgroup, but not for pro-, pre- or
mature T-ALL (data not shown). 

The myeloid markers CD33 and CD13, as well as
CD34 and HLA-DR, were significantly more frequently
expressed in the CD56+ group. CD56+ T-ALL was more
often negative for CD4, CD8 or double negative. There

were no significant differences in the expression of
CD10, CD117, CD2, CD5, surface CD3 (sCD3) or the
TCR molecules (Table 3).

In 10 T-ALL cases (5 CD56+ including two pre-T, 1
mature and 2 thymic T-ALL) we also looked for the
expression of further natural killer cell associated mark-
ers. Thus, expression of CD161, CD94, NKG2D,
CD158a, CD158b and NKp46 was investigated by flow
cytometry. All cases tested were negative for these
markers (usually less than 5% of positive cells) except
one case of a mature, sCD3 expressing CD56+ ALL,
which exhibited partial expression (27%) of NKG2D. 

Cytogenetic and molecular biological analysis
Cytogenetic data were available for six CD56+ cases.

Four had a normal karyotype and two had aberrations
involving the chromosomes 1, 5, 7, 12 and 13 [t(7;13),
del 1(p), del 5(q), dic (7;12)] including one case with
hypodiploid karyotype.

Twenty-three patients with CD56+ T-ALL could be
evaluated for clonal TCR rearrangement. In some cases
not all PCR reactions were performed or sequencing of
the specific rearrangement was omitted due to scant
material. Results of the molecular biological analysis are
given in Table 4. All except one case had rearranged TCR
genes: in 11 cases clonality in all three TCR loci was
detected, in an additional 11 cases in one or two TCR
loci. In one case a single incomplete TCRD (Dd2Dd3)

Table 1. Pre-treatment characteristics.
CD56 negative CD56 positive p

n=259 n=47 value

Male sex 71% 75% n.s.
Age, years
median (range) 32 (15-63) yrs. 28 (16-65) yrs. n.s.

>35 40% 30% n.s.
>55 7% 6% n.s.

Lymphadenopathy 65% 69% n.s.
Hepatomegaly 37% 31% n.s.
Splenomegaly 56% 61% n.s.
Mediastinal tumor 64% 61% n.s.
CNS involvement 6% 5% n.s.
Leukocytes 

>30×109/L 58% 33% 0.0014
median 49×109/L 15×109/L 0.0011

Hemoglobin 
<80 g/L 20% 9% n.s.
median 108 g/L 122 g/L n.s. 

Platelets 
<25×109/L 23% 2% 0.0011
median 48×109/L 135×109/L <0.0001

Table 2. CD56 expression in T-ALL subtypes.
T-ALL subtype CD56 negative CD56 positive p

n=389 n=63 value

pre-T 102 (26%) 22 (35%)
Thymic 205 (53%) 15 (24%) 0.0002
Mature 82 (21%) 26 (41%)
Non-thymic 184 (47%) 48 (76%) 0.00002
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rearrangement was found only. TCRB rearrangements
were complete in 9 and incomplete in 13 patients,
TCRD rearrangements were complete in 6 and incom-
plete in 6 patients. The usage of particular gene seg-
ments was heterogeneous and is not given in detail. In
TCRB rearrangements Jb2.3 and Db2 were most fre-
quently used; Vd1-Jd1 was the most frequently
observed TCRD rearrangement. 

Treatment results
Treatment results and follow-up data of 306 patients

(259 CD56– and 47 CD56+ T-ALL) were available for
analysis. Results after induction chemotherapy and fol-
low-up of responders are given in Table 5. The CR rate
was significantly lower (70.2%) in the CD56+ group
accompanied by a higher rate of induction failure (21%)
compared to CD56– cases. Of those patients who
achieved a CR, 71 CD56– and 20 CD56+ patients
received a hematopoietic stem cell transplantation
(31% vs. 60.6%), thus the proportion of transplanted
CD56+ patients was significantly higher (p=0.01). There
were no significant differences in terms of death either
during induction or in CR.

After a median follow-up of 31 months we observed
60 ALL relapses, and relapse rates were similar in both
subgroups. There were 8 relapses including or confined
to the CNS; all were CD56– (p=0.4). Furthermore, we
did not find a significant influence of CD56 expression
on overall survival (OAS) nor on remission duration.
The 3-year probability of OAS for the CD56– group was
59% compared to 48% for CD56+ T-ALL; the probabil-
ity of continuous CR at three years was 57% vs. 67%
(Figure 1). An analysis of T-ALL subroups (pre-T,
thymic, and mature) concerning OAS and remission
duration was also not able to reveal a significant influ-
ence of CD56 expression.

Discussion

In this study we investigated a large number of
patients with adult T-ALL diagnosed in our reference
immunocytological laboratory and treated in the
GMALL trial concerning presence of CD56 expression.
CD56+ T-ALL comprised a small subgroup in our col-
lective. Of 452 newly diagnosed T-ALL patients ana-
lyzed, 13.9% did express CD56. Expression was
detected in all maturational subgroups, but there was a
significant predominance of non-thymic subtypes
(76%), whereas in the CD56– group thymic T-ALL was
the most common subtype (53%).

CD56 expression has been reported for only a small
number of ALL cases so far. The Eastern Cooperative
Oncology Group (ECOG) gave a descriptive analysis
of 4 CD56+ cases out of a series of 107 T-ALL.10

Montero et al. gave an immunophenotypical character-
ization of 4 patients with CD56+ T-ALL, and Onishi et
al. described the clinical characteristics of 5 cases of
CD56+ T-ALL/LBL.8,9 Ravandi et al. reported a series of
16 patients out of 200 adult ALL cases.11

In these studies, some influence of CD56 expression
on clinical presentation has been suggested, such as

predominance of systemic lymphadenopathy in the
absence of a mediastinal tumor or a correlation with
CNS involvement.9,11

In our study CD56+ T-ALL exhibited few differences
at presentation, namely a lower white blood count and
higher platelet levels. For all other characteristics no
difference was found. Interestingly, there was no dif-
ference concerning CNS involvement. CD56 expres-
sion has been associated with infiltration of extranodal
sites including the CNS in lymphoma27 and a higher
rate of CNS involvement in T-ALL.11 We could not con-
firm these findings in our large series. The association
with CNS disease found in the study of Ravandi et al.
might be explained by a generally higher risk of CNS

Table 3. Marker profile of T-ALL.
Marker CD56 negative (%) CD56 positive (%) p 
expression n=389 n=63 value

CD33+ 14 43 <0.0001
CD13+ 27 43 0.0089
CD34+ 32 65 <0.0001
HLA-DR+ 25 43 0.0031
CD4+ 47 18 <0.0001
CD8+ 60 38 0.0014
CD4+/CD8+ 40 14 <0.0001
CD4–/CD8– 34 59 <0.0001
CD2+ 72 59 n.s.
CD5+ 89 92 n.s.
sCD3+ 49 24 n.s.
TCR α/β+ 24 13 n.s.
TCR γ/δ+ 8 13 n.s.
CD10+ 52 43 n.s.
CD117+ 14 19 n.s.

n.s.: no significance

Table 4. TCR rearrangements in 23 CD56+ T-ALL.
TCRB TCRG TCRD

PCR results (n=23)
3 rearrangements / pt. 2 − −
2 rearrangements / pt. 8 11 3
1 rearrangement /pt. 7 9 10
Polyclonal 4 3 6
Not analyzed 2 − 4
Complete rearrangement 9 − 6
Incomplete rearrangement 13 − 6

Table 5. Response to induction therapy and clinical course of
responders.

CD56 negative (%) CD56 positive (%) p
n=259 n=47 value

Death during induction 10 (3.9) 4 (8.5) 0.16
Resistant disease 20 (7.7) 10 (21.3) 0.004
Complete remission 229 (88.4) 33 (70.2) 0.001
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infiltration in T-cell ALL,15,28 which were most probably
accounted for by the CD56+ cases in this report. There,
ALL were only distinguished according to their CD56
expression without reporting the frequency of B- and
T-lineage ALL or the immunological subtypes.11

The expression of CD56 has been shown to be of
prognostic relevance in certain hematologic malignan-
cies.5-7,29 In the small series of Montero et al., an inferior
survival of CD56+ T-ALL was reported.8 Therefore, we
analyzed the impact of CD56 expression on outcome
in our series. 

In the GMALL trial, T-ALL patients have been treat-
ed either in a standard or high-risk arm, immunophe-
notype (thymic or non-thymic) being the main risk fac-
tor for stratification. Only very few patients were allo-
cated to a high-risk arm due to other factors such as
MRD. Therapy intensification for high-risk patients
was usually by means of hematopoietic SCT after
induction and consolidation therapy. 

After the induction phase significantly less CD56+

patients achieved a complete remission, and signifi-
cantly more CD56+ patients received a SCT. However,
the overall survival of adult T-ALL was not significant-
ly influenced by CD56 expression. After three years
the probability of survival was comparable in the
CD56+ and the CD56– group.

The differences in remission rates might be attribut-
able to the strong association of CD56 expression with
non-thymic subtypes. This association also explains

the frequent application of SCT in CD56+ patients
according to high-risk stratification for non-thymic
subtypes in the GMALL protocol. These findings ulti-
mately confirm the inferior prognosis of early and
mature T-ALL which can be improved by therapy
intensification according to the GMALL protocol. An
additional negative prognostic impact of CD56 expres-
sion cannot be supported from our data. However, only
a therapy trial without stratification according to
GMALL subtypes would allow a definitive conclusion
to be drawn.

In our study we also analyzed the immunopheno-
type of CD56+ T-ALL. We detected an accumulation of
coexpression of myeloid markers and CD34 as well as
a significant bypassing of the thymic subtype in con-
junction with a lower rate of CD4 and CD8 (signifi-
cant) and surface CD3 (not significant) expression.
CD56 was differentially expressed on T-ALL subtypes
and one might speculate on a common precursor with
a mixed T- and NK-differentiation. 

T and NK cells develop from a bipotent T/NK pro-
genitor (CD34+/CD33+/CD13+/CD7+/CD2+/–). TCR
gene rearrangement determines T differentiation in this
context whereas TCR genes in NK progenitors remain
in germline. CD56 expression then normally appears
only on more mature NK cells.30 Almost all of our
CD56+ T-ALL cases showed rearranged TCR genes.
The use of TCR gene segments in rearrangement
revealed no distinctive pattern. The frequency of com-
plete and incomplete rearrangements and the number
of detectable rearrangements per patient were not dif-
ferent to what one would expect from T-ALL.24,25

CD56+ and CD56– T-ALL were also tested for the
expression of further NK-associated markers such as
CD161, KIR, CD94, NKG2D or NKp46,31 whereas
CD161 has been shown to be an early marker
expressed on lymphoblastic lymphomas of true NK lin-
eage.32 No expression of these markers could be detect-
ed on both T-ALL subtypes. Taken together these find-
ings cannot support the hypothesis of CD56+ T-ALL
directly arising from a common T/NK progenitor.
However, the mechanisms leading to CD56 expression
after TCR rearrangement remain unclear.

In conclusion, CD56 is expressed differentially on
adult T-ALL with additional distinct immunopheno-
typical features but does not correlate fundamentally
with a different clinical presentation. Response to cur-
rent therapy is worse in CD56+ T-ALL, mostly due to
frequent non-thymic subtype. However, outcome is
similar to CD56– T-ALL after therapy within the
GMALL protocols. 
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Figure 1. Overall survival in adult T-ALL according to CD56-expres-
sion, probability of survival at three years (A), and remission dura-
tion in adult T-ALL according to CD56-expression; probability of
continuing complete remission at three years (B).
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