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Abstract

Background: Lymphoma is one of many tumors that develop mechanisms to avoid the immune system. One mechanism of immune
system evasion is CD47 interaction with various ligands, including signal regulatory protein alpha (SIRP-a). This interaction inhibits
phagocytosis of lymphoma cells. Objectives: To assess and compare the frequency of combined immunohistochemical expression of
CD47 and SIRP-a in B cell lymphomas in addition to studying its association with some clinicopathological parameters. Methods: A
retrospective and prospective case series study of 51 cases of B-cell lymphomas collected randomly from the histopathological
department of governmental and some private laboratories in Nineveh Province over a period of six months extending from September
2024 to February 2025. An immunohistochemistry investigation using CD47 and SIRP-a was performed, and the positive expression
data were evaluated. Results: The mean age was 31.29 years for HL and 62 years for NHL, with slight male predominance (51%) and
(66.67%) had nodal presentation. B-cell lymphoma cases included in this study show immunohistochemical expression of CD47 and
SIRP-a, but with different staining grades. 64.71% and 33.33% were high expressors vs. 35.29% and 66.67% were low expressors for
CD47 and SIRPA, respectively, with no significant association. Conclusions: Although CD47 and SIRPa showed divergent results,
this study revealed that most B-cell lymphomas express CD47 and SIRPa proteins independently.
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INTRODUCTION about 80-90% with combined chemo-/radiotherapy [4].
Non-Hodgkin B cell lymphomas, a diverse category of
lymphoproliferative tumors, are significantly less
predictable than Hodgkin's lymphomas and are far more
likely to spread to extranodal sites. Approximately 25%
of NHL cases occur in extranodal sites, while the
majority involve both nodal and extranodal sites [5]. It
includes low-grade (indolent), intermediate, and high-
grade (aggressive) B-cell lymphomas [6]. B-cell non-
Hodgkin lymphomas (NHL) are most diagnosed in
adults over the age of 60, with incidence increasing with
age [7]. Non-Hodgkin Lymphoma (NHL) shows more

B-cell lymphomas constitute approximately about 95%
of all cases of lymphoma [1,2]. It is classified into
Hodgkin and non-Hodgkin lymphoma depending on the
presence or absence of Reed-Sternberg cells [1].
Hodgkin lymphoma (HL) includes nodular lymphocyte-
predominant HL and classical HL. Classical [3]. HL has
a bimodal age distribution with a prevalence not only in
the elderly but also in young adults. Most patients
presented with nodal site involvement [3]. HL is among
the most treatable lymphomas, showing cure rates of
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variable response rates, depending on subtype. with
overall response rates (ORR) varying from 35% to 90%,
especially in relapsed/refractory settings [8,9].
Immunohistochemistry has an important role in
confirmation of diagnosis, accurate typing of
lymphoma, and predicting treatment response.
Leukocyte common antigen (LCA), B-cell markers
(CD20 and CD79a), T-cell markers (CD3 and CD5), and
other markers like MUMI1, CD23, BCL-2, BCL-6,
CD10, cyclin D1, CD15, CD30, ALK-1, PD-L1, and
CD138 (based on cyto-architectural pattern) are also
included in the panel of markers, which is chosen based
on morphologic differential diagnosis (no single marker
is specific) [10-14]. Originally known as integrin-
associated protein (IAP), Cluster of Differentiation 47
(CDA47) is a 50 kDa, highly glycosylated cell surface
protein that is a member of the immunoglobulin
superfamily [15]. It is encoded by the CD47 gene, which
is found on the human chromosome's 3q13.12 region
[16]. CD47 can interact with various ligands and, by
binding to these ligands, influences a number of target
cell biological processes. Examples of extracellular
ligands include signal regulatory protein alpha (SIRP-
a), thrombospondin-1 (TSP-1), integrins (a2B1, a4B1,
a5B1, and a6B1), CD36, CD95, and signal regulatory
protein gamma. In contrast, Bcl-2/adenovirus E1B 19-
kDa interacting protein 3 and Gi proteins are examples
of intracellular ligands [17,18]. SIRPa is an inhibitory
receptor with the highest affinity for CD47; it is a
membrane protein of the SIRP protein family, which is
composed of five members (SIRPa, SIRPB1, SIRPB2,
SIRPy, and SIRPS§). SIRPa is also referred to as
PTPNS1, SHPS1, CD172A, and P84 [19]. It is encoded
by the 20p13 chromosome's gene cluster [17]. CD47
inhibits phagocytosis of neoplastic lymphoma cells by
interacting with the signal-regulating protein alpha
(SIRPa) on the surface of phagocytic cells. Interaction
with CD47 facilitates SIRPa localization to the
phagocytic synapse by activating Src homology region
2 domain-containing phosphatase-1 (SHP-
1). Phosphatase then stops non-muscle myosin ITA from
building up at the cell membrane, which stops
engulfment of malignant cells. [20]. This study aims to
assess and compare the frequency of combined
immunohistochemical expression of CD47 and SIRP-a
in both Hodgkin and non-Hodgkin B cell lymphomas,
while also examining its association with various
clinicopathological parameters, including age, gender,
and the site of presentation (nodal versus extranodal).

METHODS
Study design and setting

This study was a retrospective and prospective case
series study of 51 cases of B-cell lymphomas collected
randomly from histopathology departments of
governmental and some private laboratories in Nineveh
Province from September 2024 to February 2025.
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Sample selection

Patient data, including age, gender, and primary site of
disease at presentation, were retrieved from archive
records. Inclusion criteria include paraffin blocks with
adequate tissue and high tumor density, while cases with
paraffin blocks with less tumor material, extensive
necrosis, badly preserved specimens, or patients who
received chemotherapy were excluded.

Analysis of samples and scoring

Immunohistochemical (IHC) examination was
conducted on formalin-fixed, paraffin-embedded
(FFPE) tissue sections utilizing specific antibodies
targeting CD47 and SIRPa, in accordance with the
protocols supplied by the respective manufacturers
(Medaysis, USA). The identification of target antigens
was accomplished utilizing the Mouse/Rabbit
PolyDetector Plus DAB HRP Brown detection system
(Bio SB, USA). External affirmative controls of colon
epithelial samples were employed to validate the
staining process. A certified pathologist examined the
hematoxylin and eosin-stained sections and conducted
the interpretation to evaluate the expression and location
of CD47 and SIRPa in tissue specimens. The scoring
method used was the Allred score [21]; staining intensity
was classified as 0 (absent), 1 (weak), 2 (moderate), and
3 (strong); and the percentage of chromatosis cells was
classed as 0 (none), 1 (1-10%), 2 (11-50%), 3 (51—
80%), and 4 (greater than 80%). Multiply these two
numbers: 0-2 is classified as (—); 3—4 as (+); 5—8 as (+1);
and 9-12 as (+++). 0-1+ was classified as low
expression, whereas 2—-3+ was deemed high expression
[21]. Meanwhile, the SIRP-o leukocyte proportions
score was calculated by taking the highest number of
leukocytes stained by SIRP-a in high power fields
(HPF) [22]. The median (10 positive cells per HPF) was
regarded as the cutoff value, with cases below 10 per
HPF regarded as low SIRPA expression, while cases
with 10 or above per HPF were regarded as high SIRPA
expression.

Ethical considerations

This study was conducted based on the principles of
ethics that have their origin in the Declaration of
Helsinki, and it was approved by the Research Ethics
Committee, Nineveh Health Directorate, with a
reference number (2024155) on September 4, 2024, to
get this approval.

Data analysis

The gathered data were systematically arranged and
tabulated utilizing the statistical package for society
study (SPSS) version 26. Descriptive statistics were
employed to encapsulate demographic information. The
Fisher exact test and chi-square test were employed to
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examine relationships among tumor classifications. A Thirty-three cases (64.7%) had nodal presentation (24
p-value < 0.05 was considered statistically significant. HL and 9 NHL), while extranodal presentation was
noticed in 18 cases (35.3%) (3 HL and 15 NHL). 26
cases (51%) of the study sample were males, while 25
(49%) were females. In HL there is female

RESULTS

The study sample included 51 cases of B-cell

lymphoma, 27 cases (53%) of HL vs. 24 (47%) cases of predom%nance (55.56(’?), while in NHL there is male
NHL. In HL, the age of patients ranged from 4 to 70 predom.mance (58.34%). In the current study., the
years (mean 31.29 years) (median 28 years) and peaked expression level of CD47 was categ(z)rlzed accordmg to
at 20-29 years (8/27), while in NHL, the age of the the.Allred score (56);06 cases (11.$ @) were nggatlve,
patients ranged from 23 to 84 years (mean 62 years) while 45 cases (88.3 %) were positive with different
(median 66 years) and peaked at > 60 years (18/24). grades, as shown in Table 1.
Table 1: CD47 expression in B-cell lymphoma
Histological CD 47 expression
type - = 4= e Total RS
HL 2(4) 9(17.6) 12(23.5) 4(7.8) 27(52.9)
NHL 4(7.8) 3(5.9) 14(27.5) 3(5.9) 24(47.1) 0.2 *
Total 6(11.8) 12(23.5) 26(51) 7(13.7) 51(100)
Values are presented as frequencies and percentages. *Fishers exact test.
Thirty-three cases (64.71%) of the study sample were study sample according to SIRPa showed that 34 cases
high CD47 expression, while 18 cases (35.29%) were (66.67%) of the study sample were low SIRPa
low CD47 expression. In HL cases, 59.25% and 40.74% expression, while 17 cases (33.33%) were high.
had high and low CD47 expression, respectively, while Comparison of the expression of CD47 with SIRP-a
in NHL cases, 70.84% and 29.17% had high and low across lymphoma subtypes (B-cell, Hodgkin, and Non-
CDA47 expression, respectively. The distribution of the Hodgkin) is demonstrated in Table 2.
Table 2: Comparison of the Expression of CD47 with SIRP-o. Across Lymphoma Subtypes (B-cell, Hodgkin, and Non-Hodgkin)
Lymphoma type SIRP-qa CD47 Low CD47 High Total p-value*
B-cell Lymphoma L(?w 10(55.6) 24(72.7) 34(66.7) 01
High 8(44.4) 9(27.3) 17(33.3)
Hodgkin Lymphoma L(?w 5(45.5) 9(56.3) 14(51.9) 04
High 6(54.5) 7(43.8) 13(48.1)
Non-Hodgkin Lymphoma ng 5(71.4) 15(88.2) 20(83.3) 03
High 2(28.6) 2(11.8) 4(16.7)

Values are presented as frequencies and percentages *Fishers exact test.

The difference between the high and low SIRPa DISCUSSION
expression in relation to CD47 expression in the total

cases and in subtypes (B-cell, Hodgkin, and Non- CD47 overexpression in many malignant tumors

Hodgkin) was statistically not significant (p-value= 0.1, prevents tumor cell phagocytosis and initiates tumor
0.4, and 0.3, respectively). It revealed that the strongest progression. As an integrin-associated protein, CD47
association was in Non-Hodgkin Lymphoma (NHL) interacts with a CD47 11gapd kpown as Signal regulatory
between SIRP-a high and low CD47 (15/20) (75%), protein-o, (SIRPa). This interaction promotes a
while the lowest association was between SIRP-o low dephosphorylation cascade that prevents phagocytosis
and low CD47 (5/20) (25%) in NHL. The IHC [23]. 'In the present study,. the age dlgtrlbuthn of HL
expression pattern of CD47 and SIRP-a in B-cell cases is comparable to studies reported in Iraq, including
lymphoma is shown in Figure 1. the western region (mean 29.33) [24] and the northern

region (mean 32.57) (median 28 years) [25], in addition
to other neighboring countries like Iran (mean 31) [26]
and Bahrain (median 31 years) [27], along with
Germany (median 33 years) [2]. Indonesia and the US
show the same age group range (32.34% and 24.86%),
respectively [28,29]. While in this study NHL patients
were older than HL patients, this aligns with global data
linking NHL to advanced age [30]; a similar finding was
also reported in nearby countries like Lebanon (mean
’ g M ‘i 53.52) [31], Turkey (median 53 years) [32], Saudi
R RO A Arabia (35% in the age group above sixty) [33], and

PR i ’ ey e
Figure 1: IHC expres and SIRP-a in B-cell Bahrain (median 56 years) [27]. This is anticipated due
lymphoma. A) Strong membranous expression, brown DAB staining

of CD470n non-Hodgkin lymphoma cells (black arrow) (x400); B) to the global aging populatlon, ,as cancer p redomman,ﬂy
Cytoplasmic brown DAB staining of >10 cells/HPF SIRP-o affects the elderly, while the leidl? Eastern population
expression (black arrow) (x400). possesses a younger age pyramid, indicating a reduced

147



Abd Al-Rahman et al

number of individuals reaching the age demographics
where lymphoma prevalence is highest [34]. The current
study revealed that nodal presentation was the
predominant form. These findings are consistent with
those reported by Baliko et al., Babu et al., and Okap et
al., where nodal presentation comprises 75%, 61.6%,
and 55.8%, respectively [35-37]. This agrees with the
clinical behavior of lymphoma, as the majority of HL
and more than 70% of NHL have nodal presentation [38,
39]. In the present study, the distribution of the study
sample according to gender shows a slight male
predominance, a similar finding in Saudi Arabia
(57.4%) [31], Yemen (60.6%) [40], and Bahrain
(57.01%) [27]. This predominance may be attributed to
the protective effect of estrogen and its role in the
modulation of the immune system [41,42] and greater
occupational exposure to some carcinogenic substances
like agricultural pesticide chemical groups among males
compared to females, in addition to the role of smoking
and alcohol [43-45]. In this study, the relationship
between CD47 and SIRP-a expression in B-cell
lymphoma and in subtypes B-cell, Hodgkin, and Non-
Hodgkin was statistically not significant, a similar result
obtained by Gholiha et al. on cHL [46] and Kazama et
al. in Japan on DLBCL [22]. These results indicate that
higher SIRP-a levels in the microenvironment may not
always accompany high CD47 expression on tumor
cells, and each protein may be regulated separately; for
instance, oncogenic signaling may cause CD47 to be
increased, whereas cytokine profiles or immune cell
infiltration may influence SIRP-a  expression.
Additionally, the results may show that CD47-mediated
immune evasion can happen independently of SIRP-a
abundance, perhaps as a result of downstream signaling
suppression or functional saturation [47]. In the present
study, although high CD47 and high SIRP-a co-
expression were not statistically significant, they were
seen more in Hodgkin lymphoma compared to NHL
cases. According to Cho et al. (2020) and Gholiha et al.
(2020), HL had higher levels of SIRP-a and CD47 co-
expression than NHL [48,49]. HL patients frequently
have a dense infiltration of macrophages, which produce
a functionally active inhibitory axis by expressing high
amounts of SIRP-o. A worse prognosis and less
macrophage-mediated clearance are associated with
high CD47 expression in HL, as when CD47 is high, it
binds to SIRP-a on macrophages, sending the “don’t eat
me” signal. This inhibits macrophage activity, so tumor
cells are not cleared effectively. This immune evasion
leads to disease progression and worse prognosis [46,
50].

Limitation of the study

The current study has some limitations, including a
small sample size, lack of case diversity, absence of
patient follow-up, and a restricted number of references.
This research topic is relatively new in the local context,
and published literature remains limited.
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Conclusion

This study revealed that most B-cell lymphomas express
CD47 and SIRP-a proteins independently, which
warrants cautious attention in future large-scale
investigations due to their potential therapeutic and
prognostic significance. Targeting the CD47-SIRP-a
axis may represent a promising strategy to improve
patient outcomes and advance the management of B-cell
lymphomas.

Conflict of interests

The authors declared no conflict of interest.
Funding source

The authors did not receive any source of funds.
Data sharing statement

Supplementary data can be shared with the corresponding
author upon reasonable request.

REFERENCES

1. Ennishi D, Hsi ED, Steidl C, Scott DW. Toward a new molecular
taxonomy of diffuse large B-cell lymphoma. Cancer Discov.
2020;10(9):1267-1281. doi: 10.1158/2159-8290.CD-19-1444.

2. Storck K, Brandstetter M, Keller U, Knopf A. Clinical
presentation and characteristics of lymphoma in the head and neck
region. Head Face Med. 2019;15(1):1. doi: 10.1186/s13005-018-
0186-0.

3. Ansell SM. Hodgkin lymphoma: 2023 update on diagnosis, risk-
stratification, and  management. d4m J  Hematol.
2022;97(11):1478-1488. doi: 10.1002/ajh.26674.

4. Weniger MA, Kiippers R. Molecular biology of Hodgkin
lymphoma. Leukemia. 2021;35(4):968-981. doi: 10.1038/541375-
021-01204-6.

5. Kshatri JS, Satpathy P, Sharma S, Bhoi T, Mishra SP, Sahoo SS.
Health research in the state of Odisha, India: a decadal
bibliometric analysis (2011-2020). J Family Med Prim Care.
2022;11(7):3771-3776. doi: 10.4103/jfmpc.jfmpc 2192 21.

6. Singh R, Shaik S, Negi BS, Rajguru JP, Patil PB, Parihar AS, et
al. Non-Hodgkin’s lymphoma: a review. J Family Med Prim Care.
2020;9(4):1834-1840. doi: 10.4103/jfmpc.jfmpc_1037_19.

7. Thandra KC, Barsouk A, Saginala K, Padala SA, Barsouk A,
Rawla P. Epidemiology of non-Hodgkin’s lymphoma. Med Sci
(Basel). 2021;9(1):5. doi: 10.3390/medsci9010005.

8. Zafar S, Sharma RK, Cunningham J, Mahalingam P, Attygalle
AD, Khan N, et al. Current and future best practice in imaging,
staging, and response assessment for non-Hodgkin’s lymphomas:
the SIHMIR paradigm shift. Clin Radiol. 2021;76(5):391.e1-18.
doi: 10.1016/j.crad.2020.12.022.

9. Abou Dalle I, Dulery R, Moukalled N, Ricard L, Stocker N, El-
Cheikh J, et al. Bi- and tri-specific antibodies in non-Hodgkin
lymphoma: current data and perspectives. Blood Cancer J.
2024;14(1):23. doi: 10.1038/541408-024-00989-w.

10. Patel HS, Shah S, Goswami HM. Role of immunohistochemistry
in differential diagnosis of lymphoma (A study of 200 cases). Int
J  Contemp  Pathol. 2020;6(1). doi: 10.18203/2320-
6012.ijcpath20200850.

11. Zuhair Z, Khattab KW. The utility of CD10 and MUMI
immunohistochemical stains in subtyping diffuse large B-cell
lymphoma. J Nat Sci Biol Med. 2024;15(1):51-57. doi:
10.4103/jnsbm.JNSBM_15 1 6.

12. Alshahwany MA, Kachachi MS,
Immunohistochemical expression of PD-L1

Jawhar NM.
and EBV in



Abd Al-Rahman et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Hodgkin’s lymphoma. Ann Coll Med Mosul. 2024;46(1):6-10.
doi: 10.33899/mmed.2024.146119.1249.

Mohammed JZ, Khattab KW. BCL6 immunohistochemical
expression in diffuse large B-cell lymphoma. Ann Coll Med
Mosul. 2024;46(1):43-48. doi:
10.33899/mmed.2024.145600.1245.

Al-Taee ZA, Zamil RH, Al-Kattan SD, Al-Kaabi MM, Kamal AM.
Distribution of lymphoma cases and significance of diagnostic
immunohistochemistry in a sample of Iraqi patients: a cross-
sectional study in a tertiary center in Baghdad. A/-Rafidain J Med
Sci. 2025;8(2):242-248. doi: 10.54133/ajms.v8i2.1960.

Eladl E, Tremblay-LeMay R, Rastgoo N, Musani R, Chen W, Liu
A, et al. Role of CD47 in hematological malignancies. J Hematol
Oncol. 2020;13:96. doi: 10.1186/s13045-020-00930-1.

Huang CY, Ye ZH, Huang MY, Lu JJ. Regulation of CD47
expression in cancer cells. Transl Oncol. 2020;13(12):100862.
doi: 10.1016/j.tranon.2020.100862.

Yang H, Xun Y, You H. The landscape overview of CD47-based
immunotherapy for hematological malignancies. Biomark Res.
2023;11(1):15. doi: 10.1186/s40364-023-00456-x.

Huang J, Liu F, Li C, Liang X, Li C, Liu Y, et al. Role of CD47 in
tumor immunity: a potential target for combination therapy. Sci
Rep. 2022;12(1):9803. doi: 10.1038/s41598-022-13764-3.
Logtenberg MEW, Scheeren FA, Schumacher TN. The CD47—
SIRPa immune checkpoint. Immunity. 2020;52(5):742-752. doi:
10.1016/j.immuni.2020.04.011.

Maute R, Xu J, Weissman IL. CD47—SIRPa-targeted therapeutics:
status and prospects. Immuno-Oncol Technol. 2022;13:100070.
doi: 10.1016/j.iotech.2022.100070.

Yang K, Xu J, Liu Q, Li J, Xi Y. Expression and significance of
CD47, PDl and PDLI in T-cell acute lymphoblastic
lymphoma/leukemia. Pathol Res Pract. 2019;215(2):265-2671.
doi: 10.1016/j.prp.2018.10.021.
Dizman N, Buchbinder EIL
CD47/SIRPa.  Cancers  (Basel).
10.3390/cancers13246229.

Kazama R, Miyoshi H, Takeuchi M, Miyawaki K, Nakashima K,
Yoshida N, et al. Combination of CD47 and signal-regulatory
protein-o constituting the “don’t eat me” signal is a prognostic
factor in diffuse large B-cell lymphoma. Cancer Sci.
2020;111(7):2608-2619. doi: 10.1111/cas.14448.

Khalil MA, Dagash MT, Al-Essawi AJ. Association of Epstein—
Barr virus (EBV) with development of Hodgkin lymphoma in
western region of Iraq: unmatched molecular case—control study.
Indian J Forensic Med Toxicol. 2020;14(2). doi: 10.21203/rs.3.rs-
107968/v1.

Mohammedzaki LB, Hasan KM, Polus RK, Yassin AK.
Clinicopathological, immunohistochemical characteristics and the
outcome of Hodgkin lymphoma patients in Erbil city, Iraq. fraqi J
Hematol. 2019;8(1):14-20. doi: 10.4103/ijh.ijh_8 19.

Monabati A, Safaei A, Noori S, Mokhtari M, Vahedi A. Subtype
distribution of lymphomas in South of Iran, analysis of 1085 cases
based on World Health Organization classification. 4nn Hematol.
2016;95(4):613-618. doi: 10.1007/s00277-016-2592-0.

Aljufairi EA, George SM, Alshaikh SA, Radhi AA, Mohamed
RM. Spectrum of lymphoma in Bahrain: A retrospective analysis
according to the World Health Organization classification. Saudi
Med J. 2018;39(7):736-741. doi: 10.15537/sm;j.2018.7.22297.
Harahap AS, Charles S, Ham MF, Ham M. A decade of prevalence
and clinicopathological insights into classical Hodgkin
lymphoma: A study from an Indonesian tertiary hospital. Cureus.
2024;16(11):¢7056. doi: 10.7759/cureus.7056.

Aslani A, Morsali S, Mousavi SE, Choupani S, Yekta Z,
Nejadghaderi SA. Adult Hodgkin lymphoma incidence trends in
the United States from 2000 to 2020. Sci Rep. 2024;14(1):20500.
doi: 10.1038/s41598-024-20500-8.

Huang J, Chan SC, Lok V, Zhang L, Lucero-Prisno DE, Xu W, et
al. Global burden, risk factors, and trends of non-Hodgkin
lymphoma: A worldwide analysis of cancer registries. Cancer
Med. 2024;13(5):€7056. doi: 10.1002/cam4.7056.

Touma E, Antoun L, Hallit S, Nasr F, Massoud M, El Othman R,
et al. Non-Hodgkin lymphoma in Lebanon: a retrospective

Cancer therapy targeting
2021;13(24):6229.  doi:

149

32.

33.

34.

35.

36.

37.

39.

40.

41.

42.

43.

44,

45.

46.

47.

CD47 and SRP-a expression in B-cell lymphoma

epidemiological study between 1984 and 2019. BMC Public
Health. 2021;21:2218. doi: 10.1186/s12889-021-12276-8.

Dogan A, Dogan NY, Erkurt MA, Ekinci O, Kuku I, Kaya E.
Clinical and pathological characteristics of patients with non-
Hodgkin lymphoma in Eastern Turkey. Cukurova Med J.
2020;45(2):533-540. doi: 10.17826/cum;j.709774.

Alyahya N, Adiga B, Alwadei A, Alshahrani G, Alyahya F. The
clinico-pathological profile of non-Hodgkin’s lymphoma in Aseer
region of Saudi Arabia. BMC Res Notes. 2019;12:789. doi:
10.1186/513104-019-4823-4.

Yaqo RT, Jalal SD, Ghafour KJ, Hassan HA, Hughson MD. Non-
Hodgkin lymphoma in the Middle East is characterized by low
incidence rates with advancing age. J Glob Oncol. 2019;5:1-10.
doi: 10.1200/JGO.18.00233.

Baliko A, Szakacs Z, Kajtar B, Ritter Z, Gyenesei A, Farkas N, et
al. Clinicopathological analysis of diffuse large B-cell lymphoma
using molecular biomarkers: a retrospective analysis from 7
Hungarian centers. Front Oncol. 2023;13:1224733. doi:
10.3389/fonc.2023.1224733.

Babu SM, Garg S, Kanakasetty GB, Kuntegowdanahalli LC,
Dasappa L, Rao SA. Diffuse large B-cell lymphoma: a
retrospective study from a regional care center in South India.
Indian J Cancer. 2018;55(1):66-69. doi:10.4103/ijc.1JC_244 17.
Okap IS, Tayel HY, Abd El AA, Nafea DA, Mashali NA.
Correlation between germinal center differentiation and
double/triple hit score in the classification of diffuse large B-cell
non-Hodgkin lymphoma: a clinicopathological approach. Asian

Pac J Cancer Care. 2023;8(1):77-82. doi:
10.31557/APJCC.2023.8.1.77.
. Ghongade P, Patil BU, Gupta A, Gangane NM.

Clinicopathological presentation, prognosis, and overall survival
of primary extranodal lymphomas. Med J DY Patil Vidyapeeth.
2025;18(1):71-79. doi: 10.4103/mjdrdypu.mjdrdypu_707_23.
Lin W, Zuvo W, Li Y, Yang Z, Chen J, Chen S, et al
Epidemiological characteristics and survival analysis of
extranodal NK/T-cell lymphoma in China: a population-based
study. Infect Agent Cancer. 2023;18(1):24. doi: 10.1186/s43556-
023-00141-3.

Humam MA, Al-Nakhbi NA, Melkat AA, Almontaser TM,
Binnabhan AS. Malignant lymphoma in Hadhramout sector,
Yemen. J Curr Med Res Pract. 2016;1(2):6-11. doi:
10.4103/JCMRP.JCMRP_12_16.

Ortona E, Locatelli SL, Pagano MT, Ascione B, Careddu G,
Dupuis ML, et al. The natural estrogen receptor beta agonist
silibinin as a promising therapeutic tool in diffuse large B-cell
lymphoma.  Anticancer  Res.  2022;42(2):767-779.  doi:
10.21873/anticanres.15535.

Radkiewicz C, Bruchfeld JB, Weibull CE, Jeppesen ML,
Frederiksen H, Lambe M, et al. Sex differences in lymphoma
incidence and mortality by subtype: a population-based study. 4m
J Hematol. 2023;98(1):23-30. doi: 10.1002/ajh.26744.

Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H,
et al. WHO classification of tumours of haematopoietic and
lymphoid tissues. Revised 4th ed. Lyon: International Agency for
Research on Cancer; 2017.

Khan M, Papier K, Pirie KL, Key TJ, Atkins J, Travis RC. Sex
differences in cancer incidence: prospective analyses in the UK
Biobank. Br J Cancer. 2025;132:1-1. doi: 10.1038/s41416-025-
03123-5.

Schinasi L, Leon ME. Non-Hodgkin lymphoma and occupational
exposure to agricultural pesticide chemical groups and active
ingredients: a systematic review and meta-analysis. Int J Environ
Res Public Health. 2014;11(4):4449. doi:
10.3390/ijerph110404449.

Muhealdeen DN, Shwan A, Yaqo RT, Hassan HA, Muhammed
BO, Ali RM, et al. Epstein-Barr virus and Burkitt’s lymphoma:
associations in Iraqi Kurdistan and twenty-two countries assessed
in the International Incidence of Childhood Cancer. Asian Pac J
Cancer Care. 2021;6(1):37-44. doi:
10.31557/APJCC.2021.6.1.37.

Liu X, Kwon H, Li Z, Fu YX. Is CD47 an innate immune
checkpoint for tumor evasion? J Hematol Oncol. 2017;10(1):12.
doi: 10.1186/s13045-016-0381-z.



Abd Al-Rahman et al

48. Cho J, Yoon SE, Kim SJ, Ko YH, Kim WS. CD47 overexpression

is common in intestinal non-GCB type diffuse large B-cell
lymphoma and associated with 18q21 gain. Blood Adv.
2022;6(24):6120-6130. doi: 10.1182/bloodadvances.2022008279.

49. Gholiha AR, Hollander P, L6f L, Glimelius I, Hedstrom G, Molin

D, et al. Checkpoint CD47 expression in classical Hodgkin

150

50.

CD47 and SRP-a expression in B-cell lymphoma

lymphoma. Br J Haematol. doi:
10.1111/bjh.18137.

Testi AM, Al-Jadiry MF, Moleti ML, Uccini S, Al-Darraji AF, Al-
Saeced RM, et al. Hodgkin lymphoma in children: a 16-year
experience at the Children’s Welfare Teaching Hospital of
Baghdad, Iraq. Mediterr J  Hematol Infect Dis.

2024;16(1):€2024053. doi: 10.4084/mjhid.2024.053.

2022;197(5):580-589.



	Conflict of interests
	The authors declared no conflict of interest.
	Funding source
	The authors did not receive any source of funds.
	Data sharing statement
	Supplementary data can be shared with the corresponding author upon reasonable request.

