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Acute myeloid leukemia (AML) is a 
clonal over-proliferation of stem cells 
that fail to differentiate, associated 
with accumulation of non-functional 

myeloid cells (myeloblasts). In spite of advanced 
therapeutic options, a considerable number of AML 
patients still relapse, even those with favorable or 
intermediate risk profiles.1

Several prognostic markers including molecular 
ones have been studied in AML to provide 
prognostic stratification of patients and identify 
those with potentially poor outcomes who may 
require more investigational trials and aggressive 
therapy.2 Cytogenetic analysis of leukemic blasts has 
emerged as an important foreteller of overall survival 
and remission.3

The cluster of differentiation 38 (CD38) protein 
is an important marker in hematologic malignancies, 

mainly multiple myeloma and chronic lymphocytic 
leukemia.4,5 It is a transmembrane glycoprotein with 
multi-functional properties, mainly in adhesion, 
migration, and signal transduction. CD38 is a 
partner for the adhesion of CD31 and is involved as 
the ectoenzyme in the catabolism of nicotinamide 
adenine dinucleotide and nicotinamide adenine 
dinucleotide phosphate.6,7 In the hematopoietic 
system, CD38 is expressed by lymphoid cells, 
myeloid cells, platelets, erythrocytes, and plasma 
cells that depict maximum expression.7 Its maximum 
expression on plasma cells compared to other cells 
makes it a perfect target for therapy in multiple 
myeloma.8

Despite increasing knowledge about the 
molecular and biochemical functions of CD38, a 
controversy persists regarding its clinical significance 
in adult AML. Therefore, we studied CD38 
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A B S T R AC T
Objectives: There is some controversy regarding the clinical significance of cluster of 
differentiation 38 (CD38) protein in acute myeloid leukemia (AML). We aimed to 
study the prognostic value of CD38 expression in relation to the standard cytogenetic 
risk stratification in AML patients.  Methods: In this prospective study, adult patients 
with AML were diagnosed based on the finding of ≥ 20% blasts in the bone marrow and 
the flow cytometry. The control group was selected from normal bone marrow samples 
examined at the same period in the lab. The CD38 expression levels were assessed by 
immunophenotyping the bone marrow samples of the patients prior to therapy, as well as 
those from the controls.  Results: The subjects were N = 52 newly diagnosed adult AML 
patients, while n = 25 sex-and-age matched normal volunteers served as the control. 
The CD38 expression among AML patients ranged from 3.6% to 79.9%, significantly 
higher levels than in the control population (p = 0.001). Positive CD38 expression 
was higher in AML patients with favorable cytogenetics when compared to those with 
intermediate and poor cytogenetics (75.0%, 57.1%, and 68.2%, respectively) (p = 0.007). 
Median CD38 expression in AML patients was higher in the favorable cytogenetic group 
and lower in intermediate and poor cytogenetic groups, though lacking in significance  
(p = 0.578). Patients with poor cytogenetic risk were associated with significantly shorter 
median overall survival when compared to favorable and intermediate cytogenetic risk 
(p = 0.010).  Conclusions: The expression of CD38 significantly adds to the prognostic 
value of cytogenetic risk stratification at diagnosis of AML patients.
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expression in relation to the standard cytogenetic 
risk stratification in AML patients to assess its 
relation to their prognoses.

M ET H O D S
The design of this study was prospective. The 
subjects were 52 patients newly diagnosed with 
AML during the period January 2017 to December 
2018, at the Hematology Department of Alexandria 
Main Hospital and Medical Research Institute, 
Alexandria, Egypt.

The study included newly diagnosed AML 
patients between 18 and 64 years of age. Excluded 
patients were ones with mixed lineage expression 
acute leukemia and AML patients with the following 
characteristics: having autoimmune diseases and 
coexisting secondary malignancy. We also excluded 
AML patients aged ≥ 65 years to preempt the 
confounding effect of aging on CD38 expression.

This study was part of a study on AML patients, 
approved by the ethical committee of the Faculty 
of Medicine, Alexandria University, Egypt [IRB 
No. 00007555 - FWA No. 00015712]. Informed 
consent was obtained from patients before they were 
included in this study.

The diagnosis of AML was established by the 
presence of bone marrow blasts of ≥ 20% and the 
characteristic flowcytometry of myeloid blasts using 
monoclonal antibodies of acute panel labeled by 
red color phycoerythrin or green color fluorescein 
isothiocyanate. The CD38 expression was analyzed 
simultaneously with the same run of flow cytometry 
for each patient. Positive CD38 expression was 
defined by the presence of ≥ 20% of myeloblasts 
expressing the antigen. The control group comprised 
of 25 normal bone marrow samples (age-and-sex-
matched) extracted during the same period in our lab.

Cytogenetic analyses were conducted by 
fluorescence in situ hybridization technique in 
addition to molecular studies in some patients. Based 
on cytogenetic results, the patients were stratified 
into three groups: ‘favorable risk’, ‘intermediate risk’, 
and ‘poor risk’.9 Favorable cytogenetic risk included: 
t(8;21)(q22;q22) regardless to other cytogenetics, 
inv(16)(p13p22) or t(16;16)(p13;p22), and/
or detection of a CBFβ-MYH11 translocation 
product, regardless of other cytogenetics. The 
poor cytogenetic group included: monosomy 5, 
monosomy 7, del (5q), del (7q), inv (3)(q21q26.2), 
t (3;3)(q21;q26.2), 11q23 aberrations, or complex 
karyotype (≥ 3 aberrations not involved in the low-

Figure 1: Flow cytometry of one of the cases; gating and sorting of myeloblasts and expression of CD38.
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risk group). Intermediate cytogenetic risk included 
all other aberrations that were not considered 
favorable or high risk.9

Leukemic blasts gating was performed by forward 
versus side scatter plots using specimens prior to 
the start of treatment. For specimens of the control 
group, gating was done around the mononuclear 
cells (forward versus side scatter plots) [Figure 1].

Each patient was followed-up for two years from 
the date of diagnosis. Kaplan Meier survival analysis 
was used to present the median overall survival. 
Data was analyzed using SPSS Statistics (IBM SPSS 
Statistics for Windows, version 24 ). The quantitative 
variables were tested for normality distribution, 
patient age, and hemoglobin concentrations and 
presented as mean and SDs verified by paired t-tests. 
Non-parametric statistics were presented as medians 
and ranges, verified by the Mann-Whitney U test. 
Qualitative variables were subjected to a chi-square 
test or Fisher exact test as appropriate. The Kaplan-
Meier method was used to describe the median 
overall survival in regard to CD38 expression as well 
as to the cytogenetic risk groups and confirmed using 
the log-rank test.

In all statistical tests, we used the 95% CI and 
p-value ≤ 0.05 was considered statistically significant.

RESULTS
The age of the studied AML patients (N = 52) 
ranged from 18 to 64 (mean 43.1±12.5) years. 
Male patients were the majority (61.5%). The 
median of hematological parameters showed 
significantly marked anemia, thrombocytopenia, 

and leukocytosis. The count of blasts in bone 
marrow ranged 28.0–95.0% with a median of 
61.0%. The percentage of CD38 expression among 
AML patients ranged 3.6–79.9%, and was positive 
in 35 (67.3%) patients and negative in 17 (32.7%) 
patients. The CD38 expression in AML patients 
was significantly higher than in the control (p = 
0.001) [Table 1].

Regarding clinical symptoms, the majority of 
our AML patients presented with fatigue and bone 
pain, while half of them presented with bleeding. 
On the basis of the French-American-British 

Table 1: Patients’ characteristics, CD38 expression, and some laboratory parameters of the studied patients 
with acute myeloid leukemia (AML) compared to the control.

Items AML patients
(N = 52)

Control
(n = 25)

p-value

Sex

Male 32 (61.5%) 14 (56.0%) 0.643

Female 20 (38.5%) 11 (44.0%)

Mean age, years 43.1 ± 12.5 45.6 ± 12.3 0.411

CD38 expression %, median (range) 36.6 (3.6–79.9) 12.4 (1.5–31.7) 0.001*

Hemoglobin concentration (g/dL), mean (SD) 7.61 ± 2.3 14.6 ± 2.4 0.001*

Total leukocytic count (x109/L), median (range) 18.5 (1.2–235.0) 7.3 (4.1–10.0) 0.001*

Platelets count (x109/L), median (range) 42.0 (14.0–140.0) 231.0 (180.0–430.0) 0.001*

Bone marrow blasts %, median (range) 61.0 (28.0–95.0) - -

* significant.

Table 2: Clinical data and FAB classification of the 
patients with acute myeloid leukemia (AML).

Items n %

Clinical data
Fatigue 44 84.6
Bone pain 35 67.3
Bleeding 28 53.8
Fever 22 42.3
Hepatomegaly 16 30.8
Splenomegaly 14 26.9
Lymphadenopathy 4 7.7

FAB classification type
AML-M1 4 7.7
AML-M2 16 30.8
AML-M3 9 17.3
AML-M4 14 26.9
AML-M5 6 11.5
AML-M6 2 3.8
AML-M7 1 1.9

FAB: French-American-British. All percentages are based on the total sample 
size of AML patients (N = 52).
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(FAB) classification, the common diagnostic types  
found were AML-M2 (30.8%) and AML-M4 
(26.9%) [Table 2].

The patients were classified according to 
cytogenetic findings as favorable cytogenetics  

(n = 16), intermediate cytogenetics (n = 14), and 
poor cytogenetics (n = 22). The percentage of AML 
patients with positive CD38 expression was higher in 
the group with favorable cytogenetics (75.0%) than 
in the groups with intermediate (57.1%) and poor 
cytogenetics (68.2%). However, these differences 
were not significant (p = 0.578). Meanwhile, the 
median CD38 expression was significantly higher in 
favorable cytogenetic group patients (55.0%) than in 
intermediate (26.2%) and poor (27.9%) cytogenetic 
groups (p = 0.007) [Table 3].

The Kaplan Meier median survival curve for 
CD38 expression was higher in patients who were 
CD38+ (20.9 months) compared to those who were 
CD38– (18.1 months). However, this difference was 
found insignificant (p = 0.090) [Figure 2].

Among our AML patients with positive CD38 
expression, those with poor cytogenetic risk had 
significantly shorter median overall survival (17.9 
months) than those with favorable and intermediate 
cytogenetic risk (23.5 and 22.6 months, respectively) 
(p = 0.010) [Figure 3].

D I S C U S S I O N
CD38 has been thoroughly studied in patients with 
lymphocytic disorders, mainly chronic lymphocytic 
leukemia and multiple myeloma.10 In the current 
study, the expression of CD38 was studied in patients 
with AML to document the findings in relation to 
their cytogenetic risk.

As CD38 is widely expressed by inflammatory 
cells, even low-grade inflammation such as that 
associated with normal aging can lead to an increased 
expression of CD38.11 For this reason, we excluded 
patients aged ≥ 65 years.

CD38 was expressed in variable percentages in 
all the AML patients in this study. Before the study, 
we had expected to find an increased expression 
of CD38 in bone marrow samples. Weekx et al,12 

Table 3: CD38 expression in relation to cytogenetic risk category in acute myeloid leukemia patients.

Parameters Cytogenetic risk group p-value

Favorable
(n = 16)

Intermediate
(n = 14)

Poor
(n = 22)

Negative CD38 4 (25.0%) 6 (42.9%) 7 (31.8%) 0.578
Positive CD38 12 (75.0%) 8 (57.1%) 15 (68.2%)
Median CD38 (range) 55.0% (8.8–75.9) 26.2% (4.8–79.9) 27.9% (3.6–67.1) 0.007*

*significant.
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Figure 2: The median overall survival time in 
relation to CD38 expression in acute myeloid 
leukemia patients.
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Figure 3: The median overall survival time in 
relation to cytogenetic risk categories (favorable, 
intermediate, and poor) among positive CD38 
patients with acute myeloid leukemia.
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compared the percentage of human hematopoietic 
progenitor cells that were “CD34+ CD38- and 
CD34+ CD38+” from three sample sources: adult 
bone marrow, fetal liver, and cord blood. They 
observed that a significantly higher percentage of 
CD34+ cells were CD38+ in adult bone marrow 
than in fetal liver and cord blood.

Positive expression of CD38 ≥ 20% was detected 
among 67.5% of them. This expression was found 
statistically significantly higher in AML patients 
than in the control. Similarly, Naik et al,13 have 
reported positive CD38 expression in blast cells 
to be heterogenous and frequently exceeds that of 
normal cell populations.

Till now, the risk schemes in AML have been 
primarily based on cytogenetic risk groups,9 while 
the current study approach is also based on CD38 
expression in addition to this cytogenetic risk. 
We found that increased CD38 expression was 
significantly higher in favorable cytogenetic group 
patients and decreasing in intermediate and poor 
cytogenetic groups.

In the study of Repp et al,14 among 783 newly 
diagnosed AML patients at the German SHG-
AML trials in 1991 and 1996, the univariate 
analysis depicted that positive CD38 expression was 
related to favorable cytogenetics. Our findings are 
similar. Additionally, a Chinese study with 56 AML 
patients found that CD38 was variably expressed 
in all FAB types, cytogenetic risk groups, and on 
cells from patients who had or had not responded 
to therapy.15 They concluded that the amount of 
detectable CD38+ cells could be predictive for the 
further course of the disease. Moreover, Keyhani 
et al,16 suggested that increased CD38 expression 
was associated with a favorable prognosis in adult 
acute leukemia. However, Naik et al,13 in their 
study to test CD38 expression on leukemic blasts 
using flowcytometry of 37 patients with AML and 
12 patients with T-acute lymphoblastic leukemia, 
reported no correlation between CD38 expression 
and the FAB classification or the European Leukemia 
Network risk stratification in AML.

The study of Keyhani et al,16 depicted CD38 
expression in AML patients as a helpful distinct 
foreteller of the outcome of the disease. Their patients 
with higher CD38 expression had significantly 
longer complete response duration and survival  
(p = 0.036 and p = 0.048, respectively). Our AML 
patients with positive CD38 expression also showed 

higher median overall survival when compared to 
negative CD38 AML patients. Even when only 
positive CD38 cases were studied, significantly 
shorter median overall survival was associated 
with AML patients having poor cytogenetics. An 
increased CD38 expression might be used as a 
differentiation marker and consequently is related 
to better overall survival.

On the contrary, Dwivedi et al,17 suggested 
that cells overexpressing CD38 in the tumor 
microenvironment may lead to immune suppression 
which reduces the function of effector T cells and 
encourages angiogenesis, providing an immune 
evasion that assists in cancer progression.

C O N C LU S I O N
This study concluded that CD38 expression adds to 
the prognostic value of cytogenetic risk stratification 
at diagnosis of AML patients. Further studies are 
needed to confirm these results. Testing of CD38 
expression should be included in the standard panel 
for diagnosis of AML patients for better evaluation 
of the prognosis and deciding on treatment options.
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