ORIGINAL RESEARCH

Turkish Journal of Immunology, 13(2):80-9

Relationship Between CD73 Expression on T Cells
and Response to Treatment in De-novo Adult Acute

Myeloid Leukemia Patients in Egypt

Eman lbrahim Aly Mahmoud! ®, Nehad Mohamed Sayed Abdelfattah! ®,
Shereen El-Sayed Mohamed Taha! ®, Hany Mohamed Abdallah Hegab? ®,

Gamal Mohamed Fathy® ®, Fatma Elzahraa Youssef Fathy! ®

*Ain Shams University School of Medicine, Department of Medical Microbiology and Immunology, Cairo, Egypt; 2Ain Shams University School
of Medicine, Department of Clinical Hematology and Oncology — Department of Internal Medicine, Cairo, Egypt; 3Nasser Institute Hospital

for Research and Treatment, Cairo, Egypt

Abstract

Objective: Acute myeloid leukemia (AML) is a heterogeneous blood malignancy with wide
genomic aberrations, treatment approaches, and treatment outcomes. Successful treat-
ment for AML remains challenging. CD73 is a recently recognized immune checkpoint medi-
ator that is highly expressed in tumor microenvironment. It catalyzes the hydrolysis of ade-
nosine monophosphate (AMP) to adenosine, which subsequently inhibits anti-tumor immune
responses. This study aimed to investigate the relationship between CD73 and the response
to induction therapy in adult Egyptian patients with AML.

Materials and Methods: A total of 44 blood samples were collected from 25 patients. Each
survivor of induction therapy provided two samples: one on the day of initial diagnosis and
another on the day of assessment of response to induction therapy (ARIT). Patients who
did not survive induction therapy provided only one sample on the day of diagnosis. CD73
was measured on T cells using flow cytometric analysis and correlated with the response to
treatment.

Results: Among the study cohort, median CD73 expression was 10.6% on T cells and 22.1%
on CD8* T cells. There was no statistically significant difference across different risk cate-
gories, nor was there an association with treatment response. However, CD73 expression
showed a positive correlation with 28-day survival.

Conclusion: CD73 expression did not show a significant relationship with any patient char-
acteristics or disease parameters and did not affect treatment response. Nevertheless, it was
positively correlated with 28-day survival.
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Prognostic Effect of CD73 in Egyptian AML Patients

Introduction

Acute myeloid leukemia (AML) is the most common form
of acute leukemia in adults, with an estimated 20,380
new cases and 11,310 deaths reported in the USA in 2023
alone (1). According to the National Cancer Institute, only
31.7% survive beyond five years post-therapy (2). Treat-
ment of patients with AML consists of three phases: in-
duction, consolidation, and maintenance. The induction
phase, as outlined by the National Comprehensive Can-
cer Network (NCCN), typically involves the "3+7" proto-
col, which consists of cytarabine (200 mg/m2/day) ad-
ministered as a continuous intravenous infusion for seven
days, combined with doxorubicin (25 mg/m2/day) given
intravenously for three consecutive days (3). Following
induction therapy, a follow-up bone marrow biopsy is per-
formed to confirm whether remission has been achieved
before proceeding to consolidation therapy (4). Recently,
improvements have been made to the induction chemo-
therapy regimen, resulting in higher complete remission
(CR) rates and better relapse-free and overall survival.
However, focusing research efforts to achieve better long-
term outcomes is still required (5).

Immune checkpoint molecules are highly expressed in
the tumor microenvironment (TME), where they can
modulate the response of T cells to tumor antigens and
influence the patient's clinical outcome (6). CD73 is one
of the recently recognized immune checkpoint receptors
that is expressed on various immune and non-immune
cells in the TME, including T cells, B cells, natural killer
cells, dendritic cells, myeloid-derived suppressor cells,
and tumor-associated macrophages. It exhibits 5-nucle-
otidase activity and can hydrolyze adenosine monophos-
phate (AMP) to adenosine, which has immunosuppres-
sive effects. Consequently, CD73 plays an essential role
in balancing inflammation and immune suppression.
Additionally, it can modulate tumorigenesis, prolifera-
tion, migration, and immune escape; therefore, it can be
examined as part of tumor immunotherapy (7).

Recently, immune checkpoint therapy has demonstrated
remarkable clinical outcomes for many solid tumors. It
has been tested in the treatment of blood malignancies
such as Hodgkin’s lymphoma and has shown promising
improvements in treatment outcomes (8). Currently, an-
tibody therapy targeting CD73 is being tested in many
clinical trials, either alone or in combination with other
small molecular antagonists (ClinicalTrials.gov Iden-
tifiers: NCT04797468, NCT04148937, NCT03616886) (9).

The crucial role of CD73 in the therapeutic landscape of
AML needs further validation. The current study aimed
to investigate the relationship between CD73 expression
on T cells and the treatment outcome of induction ther-
apy in adult Egyptian patients with AML.

Materials and Methods

This prospective observational study was conducted on
25 newly diagnosed AML patients who were admitted to
the Clinical Hematology and Oncology Unit, Department
of Internal Medicine, University Hospital, Cairo, Egypt,
and the Nasser Institute Hospital for Research and
Treatment, Cairo, Egypt. The study period spanned from
October 2021 to October 2023.

Patient Selection
Inclusion criteria:

m Newly diagnosed (de-novo) AML patients

m Age between 18 and 65 years

m Patients deemed fit for intensive chemotherapy of
curative intent (i.e., free from cardiac, renal, or liver
impairment)

Exclusion criteria:

B Age <18 or >65 years

® Relapsed AML patients

m Patients with AML who had chemotherapy initiated
before enrollment in the study

m Secondary AML with a preceding hematologic

disorder

Diagnosis of acute promyelocytic leukemia (APL)

Any acute leukemia other than AML

History of solid malignancies

Patients who were considered ineligible to receive in-

tensified treatment

Clinical Evaluation and Sample Collection

A comprehensive history was taken from the patients,
including demographic data, clinical data, routine lab-
oratory tests, such as complete blood count (CBC) and
C-reactive protein (CRP), and an assessment of comor-
bidities were done.

For flow cytometric analysis, 3 mL of peripheral blood
was withdrawn from each participant under complete
aseptic conditions in ethylene-diamine-tetra-acetic acid
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(EDTA) tube. Blood samples were collected from each
patient twice, at the time of diagnosis and on the day of
assessment of response to induction therapy (ARIT). The
tubes were transferred immediately to Ain Shams Uni-
versity Hospital laboratory for flow cytometric analysis.

Ethical Approval

The study protocol was approved by the Ethical Com-
mittee for Scientific Research, Faculty of Medicine, Ain
Shams University (FWA 000017585 / MD 379 / 2019).
Written informed consent was obtained from all patients
or their legal guardians after providing detailed informa-
tion about the study objectives and procedures.

Flow Cytometric Analysis

CD45, CD3, CD4, CD8, and CD73 monoclonal anti-
bodies (Beckman Coulter, USA) were used to detect
CD73*CD4* T cells and CD73*CD8* T cells. Overall, 50
pL of EDTA-treated blood was added to each of the sam-
ple tubes, and then 5 pL of each of the following an-
ti-human monoclonal antibodies was added: anti-CD45-
PC7, anti-CD3-PC5.5, anti-CD4-FITC, anti-CD8-APC, and
anti-CD73-PE. After incubation for 15 minutes at room
temperature, protected from light, 1-2 mL of ammoni-
um chloride-based erythrocyte lysing solution was add-
ed to each tube. Tubes were vortexed and then analyzed
using the NAVIOS flow cytometer and the NAVIOS CXP
software (Beckman Coulter, USA). The gating strategy is
illustrated in Figure 1. A total of 3894 cells were ana-
lyzed in 182.3 seconds.

Data Management and Analysis
Statistical analysis was performed using SPSS 23.0 sta-
tistical software (IBM Corp., Armonk, NY, USA). Non-para-
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Table 1. Different treatment outcomes to induction therapy on
the day of ARIT as well as 28-day survival among cases.

Response to induction (n=19)

Resistance 4(21.1)
Complete remission 15(78.9)
Death 7(28)
Survival 18 (72)

ARIT: Assessment of response to induction therapy.

metric quantitative data were presented using the
interquartile range (IQR) and median. The chi-square,
Mann-Whitney, Kruskal-Wallis test, and Wilcoxon signed-
rank test were used to compare the differences between
the two groups. The correlation of paired data was ana-
lyzed using Spearman’s correlation coefficient. A p-val-
ue of <0.05 was considered statistically significant.

Results

Demographic data

The study cohort had a median age of 41 years (range:
21-60) and consisted of 14 males (56%) and 11 females
(44%). Eighty percent of the patients had no comorbid-
ities, while 20% (n=5) had comorbid diabetes mellitus
and hypertension.

Clinical information
According to the French-American-British (FAB) classifica-

Table 2. CD73 expression level on T cells in de-novo AML cases at diagnosis (n=25) and on Day of (ARIT) (n=19).

Day1l 1.774 1.274 1.130 0.410 0.952 5.400
CD4* T cells

Dayl4 1.731 1.377 1.110 0.490 0.800 5.710

Day1 1.728 1.252 1.130 0.371 0.777 4.500
CD8* T cells

Day14 1.934 1.633 1.060 2.467 0.715 6.390

Day 1 1.589 1.150 1.110 0.580 0.650 4.400
Total T cells

Day 14 1.714 1.538 1.190 0.905 0.000 6.090

SD: Standard deviation; IQR: Interquartile range; AML: Acute myeloid leukemia; ARIT: Assessment of response to induction therapy.

Aly Mahmoud El et al.
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Figure 1. Gating strategy used in the study.

1.

a b~ wWwN

Forward scatter (FSC) vs. side scatter (SSC) plot, representing the
distribution of cells based on size and internal complexity.

. Lymphocyte population gated using anti-CD3 PC5.5 and anti-CD45 PC7.
. Lymphocytes stained with anti-CD3 PC5.5 and anti-CD4 FITC.

. Lymphocytes stained with anti-CD3 PC5.5 and anti-CD8 APC.

. Identification of CD73+CD3+CD8* T cells using anti-CD3 PC5.5, anti-

CD8 APC, and anti-CD73 PE (Gate K represents CD73+CD3+CD8* cells;
100%).

. Identification of CD73+CD3+CD4* T cells using anti-CD3 PC5.5, anti-

CD4 FITC, and anti-CD73 PE (Gate J represents CD73+CD3*+CD4+ cells;
100%).

. Identification of CD73+CD3+CD45% total T cells using anti-CD3 PC5.5,

anti-CD45 PC7, and anti-CD73 PE (Gate L represents CD73tCD3+CD45+
cells; 100%).
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Table 3. Comparison between CD73 expression level on Day 1 (n=19) and Table 4. Association between the level of CD73 expression on total T cells

Day of ARIT (n=19). on Day 1 and the response to treatment and 28-day survival.
Median (IQR) Al Median CD73 expression p-value*
Cell type signed-rank test on Total T cells on Day 1
Day of ARIT
Response to induction (n=19)
+
CDatTeells | q15(756) | 3967 -1.84 0.06
(percentage) Resistance (n=4) 14.25%
0.616
CD8* T cells 26.2 (74.5) 14.3 (42.0) 161 0.10 Complete remission (n=15) 20.30%
(percentage)
28-day survival (n=25)
(T°tal T 59“5) 203(89.1) | 9.7(21.3) -0.16 0.93
percentage Died (n=7) 0.59%
0.042*
IQR: Interquartile range; ARIT: Assessment of response to induction therapy. Alive (n=18) 21.85%

*p-value >0.05: non-significant; p-value <0.05: significant;
p-value <0.01: highly significant. *The statistically significant difference at p<0.05.

tion, the distribution of AML subtypes was as follows: MO
(n=4), M1 (n=6), M2 (n=T7), M4 (n=5), and M5 (n=3). Cyto-
genetic studies were performed according to the European
Leukemia Net (ELN) recommendations for the diagnosis
and management of AML (5). Based on ELN, 5 (20%) pa-
tients were classified as being at favorable risk, 13 (52%)
at intermediate risk, and 7 (28%) at adverse risk. Almost
all patients (96%) had no extramedullary infiltration, while
only one patient had an extramedullary infiltration in the
lung, presenting hemorrhagic pleural effusion.

All the patients received induction chemotherapy. How-
ever, 6 (24%) patients died before completing the in-
duction phase: five due to septic shock and one from
neutropenic enterocolitis. The patients were categorized
into 15 (78.9%) responders and 4 (21.1%) with refractory
disease. Patients were followed for 28 days starting from
the initiation of induction therapy. During this period,
one additional patient died of septicemia. By the end of
the follow-up period, 18 patients (72%) remained alive
(Table 1).

Immunophenotyping

Table 2 shows that the median CD73 expression on total
T cells was 13.4% (range: 0-100%). CD8* T cells exhib-
ited a higher median expression level of CD73 at 22.1%,
compared to CD4* T cells, which had a median expres-
sion of only 5.6%.

Table 3 presents a comparison of CD73 expression
levels on total T cells, CD4* T cells, and CD8* T cells
among the 19 patients who survived induction therapy.

Aly Mahmoud El et al.

Expression was measured on the day of initial diagnosis
and again on the day of ARIT. It was evident that the
median level of CD73 expression decreased across all
T cell subsets following treatment. However, this de-
crease was not statistically significant, with p-values of
0.93 for total T cells, 0.06 for CD4* T cells, and 0.10 for
CD8+ T cells.

Among patients who survived the induction chemother-
apy regimen (n=19), 15 responded to chemotherapy,
achieving remission, while four were refractory. A com-
parison of responders versus non-responders in terms of
CD73 expression revealed that the responder group had
a higher median CD73 expression (20.3%) than non-re-
sponders (14.25%) (Table 4). However, the difference did
not reach statistical significance (p=0.616).

A comparison between survivors (n=18) and deceased
patients (n=7) based on their CD73 expression on the
day of initial diagnosis revealed a significant difference.
Survivors exhibited a markedly higher median CD73 level
(21.85%) compared to deceased patients (0.59%), with a
statistically significant p-value of 0.042 (Figure 2).

Figure 3 shows a comparison between CD73 expression
level on total T cells on Day 1 and Day 14 after induction
start in 28-day survivors and non-survivors.

The optimal cut-off value of CD73 expression on total T
cells at diagnosis for predicting complete remission was
>5.650 (Figure 4). The area under the ROC curve (AUC)
for CD73 was 0.583. The sensitivity and specificity were
86% and 50%, respectively.
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Table 5. Association between the incidence of high CD73 expression (>median rate of expression) on total T cells on Day 1 and the
response to treatment and 28-day survival.

Response to induction 28-day survival
n (%) n (%)
CD73 Levels
Resistant Complt_ete
remission
Low expression 2(50) 6 (40) 6(85.7) 7(38.9)
Day 1 1.000" 0.073!
Total T : :
otal T cells High expression 2(50) 9 (60) 1(14.3) 11(61.1)

*p-value calculated using Fisher’s exact test.

Table 6. Association between the level of CD73 MFI on total T cells on Day 1 and the response to treatment and 28-day survival.

Median CD73 MFI

on Day 1 PRI
Resistance (n=4) 0.75 MFI
Response to induction (n=19) 0.881
Complete Remission (n=15) 0.77 MFI
Died (n=7) 0.78 MFI
Survival status on day 28 (n=25) 0.716*
Alive (n=18) 0.76 MFI

MFI: MFI: Mean fluorescent intensity. *Statistically significant difference at p<0.05.

When comparing the incidence rate of high CD73 ex-
HOL G pression on total T cells (defined as >median expres-
sion levels) between the responder and non-responder
groups, the responder group exhibited a higher rate
o8 V| (approximately 60%). Similarly, the incidence of high
CD73 expression on total T cells was also higher in the
survivor group compared to the deceased group, at

064— ] 61.1% and 14.3%, respectively.
>
s
g Median expression level of CD73 mean fluorescence
@ 044 intensity on total T cells on the day of initial diagnosis

washigher in the responder group than in non-respond-
02 ers (p=0.881; Table 6).
0 | , , , .| Discussion
0 0.2 0.4 0.6 0.8 1

1-Specificity Although CD73 is expressed on many cells in the TME,
the effector T cell is the primary cell responsible for
Figure 2. Receiver operating characteristic (ROC) curve for CD73  the direct recognition and killing of tumor cells. Sev-
expression in predicting complete remission in newly diagnosed eral studies assessed the functions of T cells in AML
AML patients. . . . . .

by high-dimensional immunophenotyping, gene ex-
pression, and functional studies (10,11) to characterize
T cell function at the time of initial diagnosis and af-

The area under the curve (AUC) was 0.583 (Standard Error: 0.187; p=0.617;
95% Cl, 0.216-0.950), indicating a poor discriminative ability.
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Figure 3. CD73 levels on Day 1 and Day 14 in responders vs.
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Figure 4. CD73 expression on total T cells on Day 1 and Day 14
after induction start in 28-day survivors and non-survivors.

ter induction chemotherapy. They found that multiple
aspects of T cell function were deranged at diagnosis,
with exhaustion and senescence being the dominant
processes that reverted upon attaining complete re-
mission.

The primary aim of this prospective study was to inves-
tigate the relation between CD73 expression on T cells
and the treatment response to induction therapy in
adult Egyptian patients with AML.

Regarding CD73 expression, our findings were consis-
tent with a study conducted on 27 newly diagnosed AML
patients in the USA, which reported a CD73 expression
level of 22.26% on CD8+ T cells (12). However, a study
from Germany reported a higher CD73 expression level
on CD8+ T cells (41.35%) (13).

In studies assessing CD73 expression in solid tumors,
methods other than flow cytometry have been predomi-
nantly used, such as immunohistochemistry and immu-
nofluorescence. Notably, the criteria for defining high
CD73 expression varied across IHC-based studies. For
instance, some studies defined high CD73 expression as
the percentage of positive-staining tumor cells exceed-
ing the median expression level, while others considered
staining intensity greater than 10% of positive-staining
tumor cells as indicative of high CD73 expression (14). To
align with these approaches, our research used the me-
dian expression level of CD73 on total Tcellsbefore the
start of induction therapy (10.6%) as the cut-off value

Aly Mahmoud El et al.

for determining high CD73 expression. This cut-off was
specifically chosen to match the approach taken in pre-
vious studies, all of which examined CD73 expression in
tumors before treatment. Patients whose CD73 expres-
sion met or exceeded this cut-off were classified as hav-
ing high CD73 expression.

A study conducted in China on classical Hodgkin lym-
phoma patients reported convergent results, finding
that CD73 was highly expressed in 40% of cases, as de-
termined by immunohistochemical staining of CD73 in
lymphoma samples (15). However, a higher incidence
rate of high CD73 expression (61.7%) was reported by
Ren et al. (16), who conducted immunohistochemical
staining of CD73 in human head and neck squamous
cell carcinoma (HNSCC) tissues from 162 patients with
HNSCC in China. In contrast, other studies on bladder
cancer and renal cell carcinoma reported lower inci-
dence rates of high CD73 expression, at 26.4% and
15.9%, respectively, using immunohistochemical stain-
ing of CD73 in primary urothelial carcinoma tissue sam-
ples and nephrectomy tissue samples respectively (17,
18). These discrepancies in CD73 expression levels can
be attributed to differences in tumor types, assessment
methods, and the criteria used for defining high CD73
expression across the studies.

Upon assessing the relationship between CD73 expres-
sion and various demographic data, our results were in
concordance with those of a meta-analysis that includ-
ed 14 studies with a total of 2951 patients representing
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12 different types of cancers. In their study, they noted
no correlation between high CD73 expression and age
or sex (14).

Concerning the comparison of CD73 expression in differ-
ent AML immunophenotypes, our result was contrary to
the study conducted by Zhang et al. (19), which reported
a positive association between CD73 expression and FAB.
The difference between this study and theirs may be at-
tributed to the different types of samples analyzed, as
they assessed CD73 expression on blast cells rather than
on peripheral blood mononuclear cells, as was done in
our study. Additionally, the larger sample size utilized in
their study may also contributed to the observed differ-
ences.

Upon comparing the level of CD73 expression on total T
cells, CD4* cells, and CD8* cells at diagnosis and during
the assessment of response to treatment, our results
were in concordance with those of a study conducted in
Brazil on 33 patients with breast cancer (20). They ob-
served a significant reduction of CD73 activity between
the samples at the time of diagnosis and 6 months after
treatment. However, contradictory results were reported
by another experimental study on mice (21), which found
that CD73 expression increased after radiotherapy com-
pared to the baseline. These discrepancies in results may
be attributed to the nature of the research, which was
experimental versus prospective human study, the type
of malignancy studied, as well as the different methodol-
ogies used for measuring CD73 expression, which might
explain, in part, the different outcomes.

The present study demonstrated a statistically signifi-
cant positive association between CD73 expression and
28-day overall survival. Similarly, positive CD73 expres-
sion was strongly correlated with longer overall survival
(0S) in studies conducted on bladder cancer and breast
cancer (17,22). However, Jiang et al. (14) concluded in
their meta-analysis that high CD73 expression was sig-
nificantly correlated with shorter OS in various cancers.
Also, a more recent study conducted on 215 patients
with colorectal cancer liver metastasis in France noticed
that patients with high levels of serum CD73 had shorter
disease-specific survival (23).

Regarding the comparison between CD73 expression and
the response to treatment, our results were in concor-
dance with those noted in a study conducted on clas-
sical Hodgkin lymphoma patients, which found that

the increased expression of CD73 was associated with a
better response to treatment (15). On the other hand, a
study reported opposite results, finding that increased
expression of CD73 was associated with a lower response
to treatment in head and neck cancer patients (24).

Despite the well-known immune-suppressive role of
CD73 expression on tumor and stromal cells within the
tumor microenvironment, the literature focusing on
CD73 expression on T cells and its relationship with prog-
nosis is limited. The positive prognostic impact of high
CD73 expression in our study is supported by a striking
observation made by Kong et al. (12), who found that
CD73 expression on CD8+ T cells was associated with an
enhanced immune response. CD73-CD8* T cells exhibit-
ed greater functionality, while CD73-CD8™ T cells showed
features of exhaustion, such as high expression of inhibi-
tory receptors like PD-1 and TIGIT, reduced cytokine pro-
duction capacity, and increased susceptibility to apopto-
sis. Additionally, our results may differ due to the type of
tumor investigated, whereas our study focused on blood
malignancies, while the aforementioned studies primar-
ily examined solid tumors. Moreover, while those studies
mainly measured CD73 expression on tumor cells, stro-
mal cells, and Tregs, our study predominantly assessed
CD73 expression on T cells. Therefore, understanding the
specific distribution pattern of CD73 in each cancer type
or disease status is crucial for the optimal design of clini-
cal studies targeting CD73 in cancer treatment.

This study has several limitations, including the small
number of patients enrolled, the shorter follow-up peri-
od, and the absence of a control group. As such, further
studies on a larger scale of AML patients are recommend-
ed to assess the expression of CD73 on T lymphocytes.
Additionally, longer follow-up studies with serial assess-
ment of CD73 levels will be necessary to determine its
utility as a predictive indicator for treatment response in
AML patients.

Conclusion

Although no statistically significant association was
found between CD73 expression on T cells and disease
parameters or treatment response, it was positively cor-
related with 28-day survival, suggesting that CD73 may
serve as a prognostic marker in AML. Research is required
to confirm this hypothesis.
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