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Frequent, high density expression of surface CD38 as a 
potential therapeutic target in adult T-lineage acute 
lymphoblastic leukemia

Polychemotherapy is the fundamental backbone in the 
treatment of acute lymphoblastic leukemia (ALL). However, 
the spectrum of treatment modalities has been expanded in 
B-cell lineage (i.e., monoclonal antibodies, chimeric antibody 
receptor T cells), but not in T-cell lineage ALL (T-ALL). This 
discrepancy is likely due to a limited number of identified 
potential target antigens in T-ALL. In addition, T-ALL is a 
less frequent subtype, which further limits the evaluation 
of novel treatment strategies.1 Patients with an immature 
T-ALL subtype exhibit a particular poor prognosis across 
various studies and age groups.2-4 Thus, the integration of 
innovative immunotherapeutic treatment modalities into 
the treatment strategy of poor-risk T-ALL appears sensible.
The CD38 molecule is predominantly expressed on T cells 
and is associated with activation.5 Expression of CD38 is not 
T-cell lineage-specific, but has also been found on a variety 
of other hematopoietic and some non-hematopoietic cells. 
Therapeutic antibodies, which target CD38, have success-
fully entered clinical routine in the treatment of multiple 
myeloma. Although CD38 expression is not restricted to 
multiple myeloma cells, the use of these antibodies is not 
limited by off-target effects. It is unknown whether this is 
in part due to differences in cell surface expression on tar-
get and off-target cells. However, published data indicate 
towards improved responses to daratumumab in patients 
with multiple myeloma and higher expression levels of CD38 
on their myeloma cells.6

Expression of CD38 has been demonstrated in patients with 
T-ALL,7 and clinical efficacy of daratumumab has been re-
ported in a limited number of ALL patients,8 suggesting that 
CD38 could serve as a useful therapeutic target. In order 
to broaden the available knowledge about CD38 in ALL, we 
evaluated the frequency of its expression across various 
T-ALL subtypes and in a large number of patients. In addi-
tion, we compared the densities of CD38 molecules on the 
surface of T-ALL cells with those on residual, normal T cells.
We evaluated diagnostic specimens of adult patients with 
ALL at the central reference laboratory of the German Multi-
center Study Group on Adult Acute Lymphoblastic Leukemia 
(GMALL). The GMALL studies (clinicaltrials gov. identifier: 
NCT02881086, NCT02872987) were approved by the ethical 
committees of the participating centers and patients gave 
written informed consent for biological research, including 
research on their archived samples. Study procedures were 
in accordance with the Declaration of Helsinki of 1975, as 
revised in 2008.
Cell samples from 401 consecutive patients were investigated 

(Table 1). Of these, 121 samples were derived from patients 
with T-ALL, including 33 patients with an ETP immunophe-
notype. In addition, 280 samples from patients with various 
B-cell lineage ALL subtypes were assessed (Table 1).
Expression of CD38 was determined by using the antibody 
clone LS198.4.3 (Beckmann Coulter, Krefeld, Germany) during 
routine flow cytometry.9 Quantification of CD38 cell surface 
molecules was done by bead-calibrated flow cytometry using 
a commercially available kit (QuantiBRITETM Beads, BD Bio-
science, San Jose, California, USA), the antibody clone HB7 
(BD Bioscience), and a different flow cytometer (FACSCanto 
II and FlowJo version 10.1, BD Bioscience), following the man-
ufacturer’s instructions (Online Supplementary Figure S2).
Expression of CD38 was almost uniformly present on T-ALL 
leukemic cells with only two (1.7%) negative cases and at 
least 80% of cells positive for CD38 in 108 (89%) of all test-
ed 121 T-ALL samples (Figure 1A). In B-cell lineage ALL, 266 
(95%) of 280 samples were positive for CD38, but the median 
percentage of CD38-positive leukemic cells was signifi-
cantly lower compared to T-ALL (84% vs. 98%, respectively; 
P<0.0001), and CD38 was present on at least 80% of cells 
in only 161 (58%) of 280 B-cell lineage ALL samples (Figure 
1A). In T-ALL, the median percentage of CD38-positive cells 
was similar in pre- and thymic T-ALL, but lower in mature 
T-ALL (98%, 98% and 92%, respectively; P≤0.02; Figure 1B).
Eight samples containing ≥10% of residual, normal T cells 

Table 1. Patient and sample characteristics.

Characteristics N=121 N=280

ALL subtype T-cell lineage
53 pre T (29 ETP-ALL)

47 thymic
21 mature (4 ETP-ALL)

B-cell lineage
18 pro B

204 common
47 pre B

11 mature

Sex
M/F 90/31 147/133

Age in years
range (median) 18-85 (33) 18-86 (55)

Cell sample type
Bone marrow
Peripheral blood
Pleural effusion
First diagnosis/relapse

92*
26
3

118/3

202**
75
-

280/-

*1 and **3 undeclared specimens, most likely bone marrow aspirates. 
ALL: acute lymphoblastic leukemia; ETP: early T-cell precursor; M: 
male, F: female.
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were analyzed in more detail. The median percentage of 
cells with CD38 expression was higher among T-ALL cells 
compared to normal residual T cells (Figure 1C). In one pre 
T-ALL sample, the percentage of CD38 expression was slightly 
lower on T-ALL cells versus residual, normal T cells (81% vs. 
93%; Figure 1C). Likewise, the median fluorescence intensity 
(MFI) of T-ALL cells was significantly higher compared to 
residual, normal T lymphocytes in all 121 analyzed samples 
(Online Supplementary Figure S1).
The numbers of CD38 molecules per cell were quantified in 
21 T-ALL samples (pre T-ALL n=8, thymic T-ALL n=8, mature 
n=5) using bead-calibrated flow cytometry (11 fresh samples, 
10 samples thawed from liquid nitrogen). The number of 
CD38 molecules on the surface of T-ALL cells widely ranged 
from 6,406 to 80,122 (median 19,520) with significant lower 
median numbers in mature T-ALL compared to pre- and 
thymic T-ALL (8,839 vs. 25,563 and 25,723; P=0.0194; Figure 
2A). The numbers of CD38 molecules per normal, residual 
T cell were considerably lower compared to T-ALL cells 

across all T-ALL subgroups and ranged from 374 to 5,980 
only (median 1,321 vs. 19,520; P<0.0001; Figure 2B). The ra-
tios of CD38 molecules on the surface of T-ALL cells versus 
normal, residual T cells in respective samples ranged from 
2.4 to 49.9 (median 16.7).
Treatment optimization in T-ALL is urgently needed in pa-
tients with high-risk T-ALL or adult patients with advanced 
age and deemed less suitable candidates for intensification 
of conventional therapies. The CD38 molecule represents 
a potential target for integration of respective monoclonal 
antibodies into the therapy algorithms of patients with ALL.
We comprehensively evaluated a large number of T-ALL 
samples within the framework of the GMALL study group 
and were able to demonstrate that CD38 is almost uniformly 
expressed across all T-ALL subtypes. Noteworthy, expres-
sion of CD38 was more robust in T-ALL compared to B-cell 
lineage ALL with higher percentages of positive leukemic 
cells in T-ALL. Previously published studies investigated 
lower sample numbers from adult patients and did not 

Figure 1. Expression of CD38 in acute lymphoblastic leukemia 
and residual T cells. A) T- versus B-cell lineage acute lympho-
blastic leukemia (ALL). The median percentage of CD38-positive 
cells was lower in B-cell lineage ALL compared to T-ALL (84% 
vs. 98%; P<0.0001). Each circle represents the percentage of 
CD38-positive cells assessed by routine flow cytometry in a 
given patient sample (- median). (B) CD38 expression in T-ALL 
subtypes. The median percentage of CD38-positive cells was 
higher in pre and thymic T-ALL compared to mature T-ALL (98%, 
98% and 92%, respectively; P≤0.02). Each circle represents the 
percentage of CD38-positive cells assessed by routine flow 
cytometry in a given patient sample (- median). (C) CD38 ex-
pression in T-ALL versus residual T cells. The median percentage 
of cells with CD38 expression was 97% among T-ALL cells com-
pared to 45% among normal, residual T cells (P=0.0156). Each 
circle (T-ALL) and triangle (T cells) represents the percentage 
of differential CD38 expression within 1 patient sample.
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differentiate the T-ALL subtype beyond ETP and non-ETP 
ALL. One of these studies evaluated the expression of CD38 
in 83 pediatric and 105 adult patients with newly diagnosed 
T-ALL. Using a similar 20% cutoff for positivity, 184 (98%) 
of 188 diagnostic samples from these patients were cate-
gorized positive for CD38 expression. However, the median 
percentage of CD38-positive cells in this previously published 
study was less than 90% with higher numbers of samples 
in the low range compared to 98% in the present study.10 
The confounding factors for these observed differences are 
likely diverse (e.g., use of different antibody clones and flow 
cytometers with variable setups and gating strategies), but 
these diverging results underscore that use of a more refined 
T-ALL classification and application of techniques to assess 
antigen densities on the target cells should be employed 
before considering CD38 targeted immunotherapies in T-ALL.
Published data comparing the densities of CD38 on malig-
nant and non-malignant hematopoietic cells are scarce and 
evaluated only a limited number of patient samples.11 We 
observed a remarkable wide range of CD38 expression across 
T-ALL cells and normal T cells. It has been shown that CD38 
expression is associated with T-cell activation and plays a 
key role in the interaction of T cells with antigen-present-
ing cells, which might explain at least in part the variable 
expression in normal T cells.12 The numbers of cells positive 
for CD38 in the present study were mostly higher among 
leukemic cells compared to residual T cells, but there was 
an overlap in a subset of samples with respect to percent-
ages of positive cells and MFI values. However, the antigen 
densities measured by bead-calibrated flow cytometry were 
consistently higher on T-ALL cells. Furthermore, the ratios 

of CD38 densities on T-ALL cells versus normal T cells were 
always >2 and ranged up to 49.9. This indicates that targeting 
of CD38 on T-ALL cells by therapeutic antibodies is likely 
more efficient compared to normal T cells.
First promising results from a phase II trial evaluating dara-
tumumab together with low-intensity chemotherapy in pe-
diatric patients and young adults with relapsed or refractory 
ALL (clinicaltrials gov. Identifier: NCT03384654) were released 
recently. In this study, the rate of complete responses ranged 
from 60% in young adult patients to 83% in pediatric patients 
with T-ALL.13 Various immune escape mechanisms could limit 
the efficacy of CD38 directed immunotherapy. Among these, 
myeloid checkpoint blockade through inhibition of the inter-
action between CD47 and its ligands has gained interest. It 
has recently been shown that a combined targeting of CD38 
and CD47 could enhance antibody-dependent phagocytosis 
of T-ALL cell lines and patient derived T-ALL cells in vitro and 
prolong survival in a patient-derived T-ALL xenograft model.14 
In another study, an IgA2-type variant of daratumumab ex-
hibited more effective cell killing by neutrophils, which was 
further enhanced by blockade of CD47.15 Interestingly, CD38 
expression was shown to be upregulated in the T-ALL cell 
line HSB-2 after exposure to all-trans retinoic acid, which 
was associated with enhanced cell killing, especially when 
combined with CD47 blockade. This suggests that the density 
of CD38 on target cells and the myeloid checkpoint block-
ade mediated through CD47 are likely of relevance. Our data 
demonstrate that CD38 is abundantly expressed in adult 
T-ALL, with very few exceptions, making this molecule an 
attractive target in adjunct immunotherapeutic approaches 
in future clinical trials.

Figure 2. Densities of CD38 molecules in T-cell lineage acute lymphoblastic leukemia and normal T cells. (A) Molecule densities 
in T-cell lineage acute lymphoblastic leukemia (T-ALL) subtypes. The median densities of CD38 molecules on the surface of pre 
T, thymic and mature T-ALL cells were 25,563, 25,723 and 8,839, respectively (P=0.0194). (B) Molecule densities on T-ALL versus 
normal, residual T cells. The median density of CD38 molecules on the surface of T-ALL cells was 19,518 compared to 1,321 for 
normal, residual T cells (P<0.0001).
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