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Abstract

Background: Neuroblastoma (NB) is the most common extracranial solid malignancy in children. Previous studies have

highlighted the immunological component of the tumor microenvironment. While programmed death ligand 1 (PD-L1)

pathway blockade has shown therapeutic promise in adult malignancies, little is known about the immunological factors

associated with PD-L1 inhibition in pediatric malignancies, such as NB.

Objectives: The present study aims to evaluate the prevalence of PD-L1 expression among NB patients in Karbala province and

to analyze its correlation with clinicopathological parameters.

Methods: A cross-sectional study was conducted on 28 patients diagnosed with NB. Data were collected from the oncology

center in Karbala province for cases diagnosed between January 2018 and January 2023. The PD-L1 immunostaining was

performed on 18 cases that met the inclusion criteria. Clinical and pathological data, including age, sex, histological subtype,

histological favorability, and risk stratification, were analyzed.

Results: Among the 18 patients, 10 were male (55.6%) and 8 were female (44.4%). The median age at diagnosis was 24 months.

The PD-L1 expression was positive in 5 patients (27.8%) and negative in 13 patients (72.2%). A significant positive correlation was

observed between PD-L1 expression and the histological subtype of NB (P = 0.02). The PD-L1 expression also showed a significant

correlation with histological favorability (P = 0.009) and risk stratification (P = 0.03). Notably, 57.1% of patients in the high-risk

group exhibited positive PD-L1 immunostaining, while all patients in the low-risk group (100%) were negative.

Conclusions: The PD-L1 expression may serve as an independent prognostic factor in NB, being more frequently expressed in

undifferentiated and poorly differentiated NB, particularly in cases with unfavorable histology and high-risk stratification.

Keywords: Neuroblastoma, PD-L1 Expression, Pediatric Cancer, PD-L1 Immunostaining, High-risk

Neuroblastoma, Undifferentiated Neuroblastoma

1. Background

Neuroblastoma (NB) is the most common
extracranial tumor in children, accounting for 8 - 10% of

all childhood cancers and 15% of pediatric oncology

deaths. It originates from the sympathoadrenal lineage
of neural crest cells and specifically affects the adrenal

medulla or other sites such as paraspinal sympathetic
ganglia (1, 2).

In developed countries, despite notable

advancements in the 5-year survival rate, childhood

cancer remains the second leading cause of death.
Cancer at an early age is generally uncommon,

accounting for a small fraction of all cancer cases.

According to GLOBOCAN 2012 estimates, it constitutes

approximately 1% of all cancers (3). In Iraq, childhood

cancer represents about 6.7% of all cancers, which may
be attributed to the demographic structure of the Iraqi
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population, where children under age 15 comprise

about 40% of the total residents (4).

Recent studies suggest that tumor cells possess the

ability to suppress the immune system within their

surrounding microenvironment (5). Tumor cells can

evade host immune responses through different

mechanisms, such as loss of tumor cell antigenicity to

escape immune detection or downregulation of major

histocompatibility complex (MHC) molecules.

Furthermore, immune evasion may involve the

recruitment of immunosuppressive inflammatory cells

and attenuation of T lymphocyte co-stimulation (6, 7).

Many inhibitory ligands, such as programmed death-

ligand 1 (PD-L1), are utilized by cancer cells as a primary

mechanism to suppress the immune response. The PD-L1

is a co-inhibitory receptor glycoprotein expressed on the
surface of various immune cells, particularly natural

killer cells, monocytes, T-cells, and B-cells. Its ligands PD-

L1 and PD-L2 bind to PD1 and activate the checkpoint

inhibitor pathway to suppress T-cell activity and evade

immune surveillance. The PD-L1 is overexpressed in
many solid tumors, including carcinomas and

melanoma (8-13). Recently, the role of immune

checkpoint molecules in the tumor microenvironment

has received increasing attention (14). Therefore, one of

the most promising therapeutic strategies involves
targeting the PD-1/PD-L1 axis to restore the patient’s

immune response and enhance T-cell-mediated tumor

destruction (15).

Positive PD-L1 immunostaining is increasingly

regarded as a potential predictive biomarker for

diagnosing patients with advanced or end-stage tumors
who are more likely to respond to anti-PD-1 monoclonal

antibody therapy (16, 17). A meta-analysis investigating

the role of PD-L1 in solid tumors has highlighted that the

relationship between PD-L1 expression levels and patient

survival may vary significantly depending on tumor
type (18). In pediatric oncology, the prevalence of PD-L1

expression and the feasibility of using anti-PD-1

monoclonal antibodies are only beginning to be

investigated. To date, four studies have suggested

inconsistent findings across various childhood cancers,
including NB. Indeed, the efficacy of PD-1 inhibitors in

treating NB remains an open area of research (19, 20).

2. Objectives

The present study aims to evaluate PD-L1 expression

in NB tissues and explore its association with

clinicopathological features. Understanding the

expression patterns and potential prognostic role of PD-

L1 could provide insight into immune evasion

mechanisms in NB and inform future

immunotherapeutic strategies.

3. Methods

3.1. Patients

The current study is a cross-sectional retrospective

study including 28 patients diagnosed with NB. The data

were collected from an oncology center in Karbala

province for patients admitted during the period from

January 2018 to January 2023. Ten cases were later

excluded from the study due to inadequate tissue

preservation or insufficient viable tumor material for

evaluation. All included samples were archival and

anonymized, and the study was conducted under

institutional ethical approval.

All patients were children less than 10 years of age

who were diagnosed with NB. For all patients, biopsies

were performed and the histopathological diagnosis for

hematoxylin and eosin-stained slides was confirmed by

two histopathologists. Corresponding data, including

gender, age at diagnosis, tumor location (adrenal gland

or not), stage [International Neuroblastoma Staging

System (INSS): 1, 2, 3, 4], risk stratification, histological

type, favorability, and Mitosis-Karyorrhexis Index, were

all recorded.

3.2. Programmed Death Ligand 1 Immunohistochemistry
Staining

After deparaffinization and antigen retrieval, the

slides were incubated with primary antibody against

PD-L1 [1:100; clone E1L3N®, Isotype: rabbit IgG.13684S; Cell

Signaling Technology, Danvers, MA, USA] overnight at

4°C. The staining kit used was PathnSitu PolyExcel

detection system (PathnSitu, UK) and staining was

performed according to the manufacturer’s

instructions. Complete circumferential or partial linear

plasma membrane staining above a 1% threshold was

regarded as indicating a positive PD-L1 expression (21).

As a positive control, the antibody labels the placenta.

Sections untreated with primary antibody (PD-L1) were

considered as negative controls for each set of slides.

Parallel positive and negative control sections were

processed with each set of immunostaining.

The immunostaining was scored based on
membranous expression, as per manufacturer guidance

and previous literature (22-24). Only viable tumor cells
were evaluated. The PD-L1 positivity was defined as

complete circumferential or partial linear plasma

membrane staining in ≥ 1% of tumor cells. Only tumor
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cells were evaluated in this study. Tumor-infiltrating

immune cells were not assessed.

3.3. Statistical Analysis

Data analysis was performed using IBM SPSS Statistics

version v.26. Descriptive statistics were reported as

mean ± standard deviation (SD) for continuous variables

and frequencies with percentages for categorical

variables. The chi-square test was used to evaluate

associations between categorical variables, such as PD-L1

expression and clinicopathological features. A P-value <

0.05 was considered statistically significant.

The sample size for the immunohistochemistry (IHC)

analysis was relatively small (n = 18), which may limit

the generalizability of the findings and the ability to

control for potential confounding variables. To assess

the adequacy of the sample size, a post hoc power

analysis was performed based on the observed chi-

square value (χ2 = 6.923, df = 1, P = 0.009) for the
association between PD-L1 expression and histological

subtype. The resulting effect size (w = 0.62) yielded a

statistical power of approximately 83% at a significance

level of α = 0.05. These results suggest that, despite the

limited sample size, the analysis was sufficiently
powered to detect meaningful associations.

4. Results

4.1. Patient’s Characteristics

The current study involved a total of 28 patients; ten

patients were excluded because of deficient data.

Therefore, the sample size was 18 patients: Ten males

(55.6%) and eight females (44.4%) with a male:female

ratio of 1.25:1. The median age at diagnosis was 24

months. Six of the patients (33.3%) presented at age

below 18 months while 12 patients (66.7%) were older

than 18 months.

The site of the tumor at time of diagnosis was

adrenal in 15 patients (83.3%), thoracic in two patients

(11.1%), and paraspinal in one patient (5.6%). Most of the

patients in this study (8) presented with stage 4 (55.6%),
five patients were in stage 3 (27.8%), two patients were in

stage 2 (11.1%), and one patient (5.6%) was in stage 1. The

majority of patients were of low-risk group 9 (50%)

followed by high-risk group, which included 7 patients

(38.9%).

According to the histological subtype of NB, most of

the patients 8 (44.4%) were diagnosed with poorly

differentiating NB, five patients (27.8%) had the

undifferentiating subtype, followed by differentiating

and nodular ganglio- NB types forming 3 (16.7%) and 2

(11.1%), respectively. Half of the patients, 9 (50%)

presented with favorable histological type, while the

other half presented with unfavorable histology. The

Mitosis-Karyorrhexis Index was low (< 100/5000) in

most of the patients, 12 (66.7%), and high (> 200) in one
patient (5.6%). In the remaining 5 patients (27.8%), the

index value was intermediate.

Table 1. The Clinicopathological Parameters of Patients with Neuroblastoma (n = 18)

Parameters No. (%)

Gender

Male 10 (55.6)

Female 8 (44.4)

Age of patients (mo)

< 18 6 (33.3)

> 18 12 (66.7)

Site of tumor

Adrenal 15 (83.3)

Thoracic 2 (11.1)

Paraspinal 1 (5.6)

Stages

One 1 (5.6)

Two 2 (11.1)

Three 5 (27.8)

Four 10 (55.6)

Risk stratification

High 7 (38.9)

Intermediate 2 (11.1)

Low risk 9 (50.0)

Histological subtypes of NB

Differentiating 3 (16.7)

Undifferentiating 5 (27.8)

Poorly differentiating 8 (44.4)

Ganglio-NB 2 (11.1)

Histology

Favorable 9 (50)

Unfavorable 9 (50)

Mitosis-Karyorrhexis Index

< 100/5000 12 (66.7)

100 - 200 5 (27.8)

> 200 1 (5.6)

PDL1 immunostaining

Positive 5 (27.8)

Negative 13 (72.2)

Abbreviations: NB, neuroblastoma; PDL1, programmed death ligand 1.

4.2. Programmed Death Ligand 1 Immunostaining

In the current study, PD-L1 immunostaining was

positive in 5 (27.8%) patients and negative in the

remaining 13 (72.2%) patients as seen in Figure 1 A-D. The

https://brieflands.com/journals/ijp/articles/159779


Alqanbar MF et al. Brieflands

4 Inn J Pediatr. 2025; 35(6): e159779

Figure 1. Membranous and cytoplasmic expression of programmed death ligand 1 (PD-L1) in neuroblastoma (NB) samples. A, PD-L1 expression predominantly observed in
maturing ganglion cells; B, membranous staining pattern of PD-L1; C, cytoplasmic staining pattern of PD-L1 (higher magnification of 400X); D, negative expression of PD-L1 in a
representative sample of a NB patient (magnification of 100X).

patient’s characteristics and immunohistochemical

staining results are presented in Table 1.

4.3. The Association Between Clinicopathological Parameters
and PD-L1 Expression

There was a positive statistical correlation between

PD-L1 expression and the histological subtypes of NB (P =

0.02); all the differentiating type of NB showed positive

PD-L1 immunostaining, while most of the

undifferentiating, poorly differentiating and ganglio-NB

were negative for PD-L1 staining, forming (80%), (87.5%)

and (100%) respectively.

Also, a positive statistical correlation was found

between PD-L1 and the histological favorability of NB (P

= 0.009), in that all 5 positive PD-L1 cases were of

unfavorable histological type, forming (55.5%) of the

total (25) cases with this type, while all cases of favorable

histology (100%) were negative for PD-L1. The odds ratio

(OR) for having unfavorable histology in PD-L1 positive

cases was 20.00 (95% CI: 1.49 - 268.13), indicating a strong

association, though the wide CI reflects the small

sample size and should be interpreted with caution.

The PD-L1 showed a positive statistical relation with

risk stratification of NB patients (P = 0.03), in that (57.1%)

of patients in the high-risk group showed positive PD-L1

immunostaining, meanwhile all low-risk group (100%)

were negative for PD-L1.

The PD-L1 showed no significant statistical relation

with age (P = 0.7), gender (P = 0.4), site of the primary

tumor (P = 0.6), stages (P = 0.7) and Mitosis-Karyorrhexis

Index (P = 0.6). The relation of PD-L1 to the

clinicopathological parameters of patients with NB was

demonstrated in Table 2.

5. Discussion

A pair of adverse immune costimulatory molecules,

programmed death 1 (PD-1) and PD-L1, exist. The tumor

cells that evade the immune system’s attacks are

partially mediated by the adverse immunomodulatory

influence of PD-L1, the signaling cascade that exists on

the exterior of many types of tumor cells. Targeted PD-L1

or PD-1 inhibition exhibits some therapeutic results in

clinical studies of different malignancies and has a

promising future. The majority of researchers have used

an immunohistochemical procedure to detect PD-L1

expression in carcinoma of the liver, lung, and other

tumor tissues. However, the extent of its expression

varies among tumor types. Tumor incidence, growth
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Table 2. The Correlation Between Programmed Death Ligand 1 Expression and Clinicopathological Parameters of Patients with Neuroblastoma a

Clinicopathological Parameters PDL1-Positive PDL1-Negative Total P-Value

Age (mo) 0.7

< 18 2 (33.3) 4 (66.6) 6

> 18 3 (25) 9 (75) 12

Gender 0.4

Male 2 (20) 8 (80) 10

Female 3 (37.5) 5 (62.5) 8

Site of tumor 0.6

Adrenal 4 (26.6) 11 (73.3) 15

Thoracic 1 (50) 1 (50) 2

Paraspinal 0 (0) 1 (100) 1

Stages 0.1

One 1 (100) 0 (0) 1

Two 0 (0) 2 (100) 2

Three 0 (0) 5 (100) 5

Four 4 (40) 6 (60) 10

Risk stratification 0.03 b

High 4 (57.1) 3 (42.8) 7

Intermediate 1 (50) 1 (50) 2

Low risk 0 (0) 9 (100) 9

Histological subtypes of NB 0.02 b

Differentiating 3 (100) 0 (0) 3

Undifferentiating 1 (20) 4 (80) 5

Poorly differentiating 1 (12.5) 7 (87.5) 8

Ganglio-NB 0 (0) 2 (100) 2

Histology 0.009 b

Favorable 0 (0) 9 (100) 9

Unfavorable 5 (55.5) 4 (44.4) 9

Mitosis-Karyorrhexis Index 0.6

< 100/5000 3 (25) 9 (75) 12

100 - 200 2 (40) 3 (60) 5

> 200 0 (0) 1 (100) 1

Abbreviations: NB, neuroblastoma; PDL1, programmed death ligand 1.

a Values are expressed as No. (%).

b A P-value of less than 0.05 is considered statistically significant.

and development, therapy responsiveness, and outcome

are all correlated with PD-L1 expression (26).

In the current study, most of the collected cases were

older than 18 months with a median age of 24 months;

the male to female ratio was 1.25:1, the predominant site
of the tumor was adrenal, the majority of the patients

presented with stage four, and most of the cases were of

low-risk group. These results seem to be compatible

with another study done in Iraq-Kurdistan Region-

Sulaimani, which states that the median age of patients

was 24 months, the male:female ratio was 1.48:1, and the

primary site of the tumor was abdominal (66.12%) with

the majority of the patients (69.35%) being in stage four

of the tumor, with the exception that most of the

patients included in that study (54.84%) were of high-

risk group (1).

A similar picture was demonstrated in another

recent Iraqi study in Basra, which recorded most of its
patients in stage four, forming about (52.4%); again, the

primary site of tumor was adrenal in about (68.7%) of

the cases (27, 28). A similar figure was documented in

another Iranian study, which showed male

predominance (66.6%) of the collected cases, the median

age at diagnosis was 30 months, most of the cases (75%)

were older than 18 months, in the majority of cases the
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tumor was adrenal in (75%) of cases, and about (70.6%) of

cases presented with stage IV at time of diagnosis (26).

This greater median age and higher percentage of

advanced disease at diagnosis in the current study could

be the result of a possible delay in the disease’s

diagnosis in our community due to poor family

awareness of the condition and the lack of a screening

program (1).

Most of the patients in the current study presented

with poorly differentiating histological type of NB,

forming about 8 (44.4%), followed by five patients (27.8%)

with undifferentiating subtype; while in Basra most of

the cases were of undifferentiating subtype, forming 168

(93.8%), followed by ganglio NB with 11 (6.1%) of the cases.

Parallel results to this study were documented by a

study done in Saudi Arabia, which demonstrated a male

predominance (52.5%) of the collected cases, the median

age at diagnosis was 18.5 months, most of the patients

(26; 61.9%) were above 1 year, 22 (52%) of cases were of low

and intermediate risk group, in 17 (77.3%) cases the

primary site of tumor was adrenal, 34 (81.0%) patients

presented with poorly differentiating histological type

as in the current study, and 26 patients (61.9%) had a

favorable histology as in our study (26).

An additional Omani study showed that most of the

cases involved in the study were of undifferentiated NB,

forming about 46.4% of the sample size, with

nonconclusive histological types forming 34% of the

sample size. This discrepancy between the results of the

current study and those of other studies may be due to a

number of constraints. First, because it was

retrospective, it was prone to missing data and potential

errors. Another flaw was the limited sample size (29, 30).

In this study, PD-L1 immunostaining was positive in

(27.8%) patients, and its expression showed a positive

statistical correlation with risk stratification groups of

patients, whether high, intermediate, or low risk

groups. Also, there was a positive relation with the

histological subtypes of NB, as differentiating, poorly

differentiating, undifferentiating, and ganglio-NB. A

positive statistical relation between PD-L1 and

histological types of NB as favorable or unfavorable. No

statistical correlation was found between PD-L1 and the

age of the patients, sex, stages of NB, and the site of the

primary tumor (30, 31).

In comparison with other studies, a study done

stated that PD-L1 expression was documented in (35%) of

the involved cases and there was no significant relation

between PD-L1 and age, gender, or stage of the tumor

(21). Another study by Majzner et al. (22) documented

that PD-L1 expression was seen in (14%) of cases only.

Another study by Aoki et al. (20) reported a low

frequency of PD-L1 expression in pediatric tumors,

including NB of 18 cases, which showed no PD-L1

expression (0%). An additional study also reported that

five (12%) of 41 specimens with NB were positive for PD-L1

immunostaining, meanwhile Chowdhury et al. (19)

reported higher PD-L1 expression in 66 (57%) of 115

pediatric solid tumors, including high-risk NBs (20, 22,

26).

In another study by Saletta et al. (32), PD-L1 expression

was seen in 48 (18.9%) of cases with NB and, in parallel to

the current study, stated that PD-L1 expression was not

associated with sex, age, disease stage at diagnosis, or

Mitosis-Karyorrhexis Index, while it was significantly

more common in favorable histology biopsy specimens

and in low- or intermediate-risk patients. Additional

study by Liao et al. (26) revealed that the positive rate of

PD-L1 was 57% and (34%) respectively (20, 22, 26).

Several technical limitations like the age of the

biopsy material, the fixation methods used, the antigen

retrieval methods, and the assessment of PD-L1

immunostaining and scoring may all be contributing

factors to the variance in the results (32). Differences in

the numbers of cases in these studies, the quantity of

tumor tissues in tissue samples, how the pathologists

interpret slides, and other subjective factors could all

influence the results. Therefore, it is still debatable

whether PD-L1 expression can determine a NB patient’s

prognosis, and future research on this subject still

requires greater prospective analysis (32, 33).

5.1. Conclusions

Although some limitations of this study exist, we

conclude that PD-L1 can give an impression about some

important prognostic factors of NB, such as risk

stratification groups, the histological subtypes, and

whether the tumor is of favorable histology or not.

Future larger studies are still needed to assess the

relation of PD-L1 on the clinical outcome as a

therapeutic target, survival rate, and recurrence of

tumor.

5.2. Study Limitations

Survival outcome data, including progression-free

survival (PFS) and overall survival, are one of the key

limitations of this study. Our findings were limited to

IHC expression without correlation to long-term clinical

outcomes. This limitation was primarily due to

incomplete follow-up data and the retrospective nature

of our study, which restricted access to consistent and

comprehensive survival information for the included

patient cohort. Absence of survival data limited our
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ability to conclude the prognostic value of PD-L1 in NB.

Therefore, we recommend more studies with larger

sample sizes, extended follow-up, and incorporation of a

broader panel of immune checkpoint markers for a

more comprehensive immune profiling and detailed

clinical outcome results to validate the prognostic

significance of PD-L1 expression. Additionally, a degree

of selection bias may be present due to the exclusion of

10 out of 28 cases as a result of poor tissue quality or

suboptimal fixation. While necessary to ensure reliable

immunohistochemical evaluation, this limitation may

affect the generalizability of our findings to the broader

NB population.

Footnotes

Authors' Contribution: M. F. and R. S. were

responsible for the study concept and design, defining

the intellectual content, conducting the literature

search and clinical studies, acquiring data, and

preparing and editing the manuscript. A. Al. and S. J.

carried out the experimental work, collected and

analyzed the data, performed the statistical analyses,

and contributed to drafting the manuscript.

Conflict of Interests Statement: The authors declare

no conflict of interests.

Data Availability: The dataset presented in the study

is available on request from the corresponding author

during submission or after publication. The data are not

publicly available due to confidentiality concerns and

institutional regulations.

Ethical Approval: The present study was approved by

the Ethics Committee of College of Medicine, University

of Karbala (certificate No.: 2023HU).

Funding/Support: The present study received no

funding/support.

Informed Consent: Informed consent was obtained

from all participants.

References

1. Rashid N, Abdallah B, Tawfiq S. Demographic features of

neuroblastoma in Iraq-Kurdistan Region- Sulaimani. Iraqi J Hematol.

2018;7(2). https://doi.org/10.4103/ijh.ijh_3_18.

2. Johnsen JI, Dyberg C, Wickstrom M. Neuroblastoma-A Neural Crest

Derived Embryonal Malignancy. Front Mol Neurosci. 2019;12:9.

[PubMed ID: 30760980]. [PubMed Central ID: PMC6361784].

https://doi.org/10.3389/fnmol.2019.00009.

3. Al-Asadi JN, Ibrahim SJ. Childhood Cancer in Basrah, Iraq During

2012-2016: Incidence and Mortality. Asian Pac J Cancer Prev.

2018;19(8):2337-41. [PubMed ID: 30141312]. [PubMed Central ID:

PMC6171401]. https://doi.org/10.22034/APJCP.2018.19.8.2337.

4. J A, Habib OS, K A, Jg H, Jm A, W H, et al. Cancer of children in Basrah-

Iraq: Person and time characteristics. Med J Basrah Univ. 2016;34(2):77-

85. https://doi.org/10.33762/mjbu.2016.117158.

5. Stewart TJ, Abrams SI. How tumours escape mass destruction.

Oncogene. 2008;27(45):5894-903. [PubMed ID: 18836470].

https://doi.org/10.1038/onc.2008.268.

6. Dunn GP, Old LJ, Schreiber RD. The immunobiology of cancer

immunosurveillance and immunoediting. Immunity. 2004;21(2):137-

48. [PubMed ID: 15308095].

https://doi.org/10.1016/j.immuni.2004.07.017.

7. Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer

immunoediting: from immunosurveillance to tumor escape. Nat

Immunol. 2002;3(11):991-8. [PubMed ID: 12407406].

https://doi.org/10.1038/ni1102-991.

8. Madore J, Vilain RE, Menzies AM, Kakavand H, Wilmott JS, Hyman J, et

al. PD-L1 expression in melanoma shows marked heterogeneity

within and between patients: implications for anti-PD-1/PD-L1 clinical

trials. Pigment Cell Melanoma Res. 2015;28(3):245-53. [PubMed ID:

25477049]. https://doi.org/10.1111/pcmr.12340.

9. Cooper WA, Tran T, Vilain RE, Madore J, Selinger CI, Kohonen-Corish

M, et al. PD-L1 expression is a favorable prognostic factor in early

stage non-small cell carcinoma. Lung Cancer. 2015;89(2):181-8.

[PubMed ID: 26024796]. https://doi.org/10.1016/j.lungcan.2015.05.007.

10. Thompson R, Leibovich BC, Dong H, Lohse CM, Webster W, Zincke H,

et al. 386: Tumor B7-H1 is Associated with Poor Prognosis in Renal Cell

Carcinoma Patients with Long Term Follow-Up. J Urol.

2006;175(4S):126. https://doi.org/10.1016/s0022-5347(18)32642-9.

11. Thompson RH, Kuntz SM, Leibovich BC, Dong H, Lohse CM, Webster

WS, et al. Tumor B7-H1 is associated with poor prognosis in renal cell

carcinoma patients with long-term follow-up. Cancer Res.

2006;66(7):3381-5. [PubMed ID: 16585157].

https://doi.org/10.1158/0008-5472.CAN-05-4303.

12. Karim R, Jordanova ES, Piersma SJ, Kenter GG, Chen L, Boer JM, et al.

Tumor-expressed B7-H1 and B7-DC in relation to PD-1+ T-cell

infiltration and survival of patients with cervical carcinoma. Clin

Cancer Res. 2009;15(20):6341-7. [PubMed ID: 19825956].

https://doi.org/10.1158/1078-0432.CCR-09-1652.

13. Boland JM, Kwon ED, Harrington SM, Wampfler JA, Tang H, Yang P, et

al. Tumor B7-H1 and B7-H3 expression in squamous cell carcinoma of

the lung. Clin Lung Cancer. 2013;14(2):157-63. [PubMed ID: 22868219].

https://doi.org/10.1016/j.cllc.2012.05.006.

14. Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its ligands in

tolerance and immunity. Annu Rev Immunol. 2008;26:677-704.

[PubMed ID: 18173375]. [PubMed Central ID: PMC10637733].

https://doi.org/10.1146/annurev.immunol.26.021607.090331.

15. Zhang Y, Zhou Y, Lou J, Li J, Bo L, Zhu K, et al. PD-L1 blockade improves

survival in experimental sepsis by inhibiting lymphocyte apoptosis

and reversing monocyte dysfunction. Crit Care. 2010;14(6):R220.

[PubMed ID: 21118528]. [PubMed Central ID: PMC3220038].

https://doi.org/10.1186/cc9354.

16. Pyo JS, Kang G, Kim JY. Prognostic role of PD-L1 in malignant solid

tumors: a meta-analysis. Int J Biol Markers. 2017;32(1):e68-74. [PubMed

ID: 27470134]. https://doi.org/10.5301/jbm.5000225.

17. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott

DF, et al. Safety, activity, and immune correlates of anti-PD-1 antibody

in cancer. N Engl J Med. 2012;366(26):2443-54. [PubMed ID: 22658127].

[PubMed Central ID: PMC3544539].

https://doi.org/10.1056/NEJMoa1200690.

18. Pyo J, Kang G, Kim JY. Prognostic role of PD-L1 in malignant solid

tumors: a meta-analysis. Int J Biol Markers. 2016:0.

https://doi.org/10.5301/jbm.2016.16048.

https://brieflands.com/journals/ijp/articles/159779
https://doi.org/10.4103/ijh.ijh_3_18
http://www.ncbi.nlm.nih.gov/pubmed/30760980
https://www.ncbi.nlm.nih.gov/pmc/PMC6361784
https://doi.org/10.3389/fnmol.2019.00009
http://www.ncbi.nlm.nih.gov/pubmed/30141312
https://www.ncbi.nlm.nih.gov/pmc/PMC6171401
https://doi.org/10.22034/APJCP.2018.19.8.2337
http://www.ncbi.nlm.nih.gov/pubmed/30141312
https://www.ncbi.nlm.nih.gov/pmc/PMC6171401
https://doi.org/10.22034/APJCP.2018.19.8.2337
https://doi.org/10.33762/mjbu.2016.117158
http://www.ncbi.nlm.nih.gov/pubmed/18836470
https://doi.org/10.1038/onc.2008.268
http://www.ncbi.nlm.nih.gov/pubmed/15308095
https://doi.org/10.1016/j.immuni.2004.07.017
http://www.ncbi.nlm.nih.gov/pubmed/12407406
https://doi.org/10.1038/ni1102-991
http://www.ncbi.nlm.nih.gov/pubmed/25477049
https://doi.org/10.1111/pcmr.12340
http://www.ncbi.nlm.nih.gov/pubmed/26024796
https://doi.org/10.1016/j.lungcan.2015.05.007
https://doi.org/10.1016/s0022-5347(18)32642-9
http://www.ncbi.nlm.nih.gov/pubmed/16585157
https://doi.org/10.1158/0008-5472.CAN-05-4303
http://www.ncbi.nlm.nih.gov/pubmed/19825956
https://doi.org/10.1158/1078-0432.CCR-09-1652
http://www.ncbi.nlm.nih.gov/pubmed/22868219
https://doi.org/10.1016/j.cllc.2012.05.006
http://www.ncbi.nlm.nih.gov/pubmed/18173375
https://www.ncbi.nlm.nih.gov/pmc/PMC10637733
https://doi.org/10.1146/annurev.immunol.26.021607.090331
http://www.ncbi.nlm.nih.gov/pubmed/21118528
https://www.ncbi.nlm.nih.gov/pmc/PMC3220038
https://doi.org/10.1186/cc9354
http://www.ncbi.nlm.nih.gov/pubmed/27470134
https://doi.org/10.5301/jbm.5000225
http://www.ncbi.nlm.nih.gov/pubmed/22658127
https://www.ncbi.nlm.nih.gov/pmc/PMC3544539
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.5301/jbm.2016.16048


Alqanbar MF et al. Brieflands

8 Inn J Pediatr. 2025; 35(6): e159779

19. Chowdhury F, Dunn S, Mitchell S, Mellows T, Ashton-Key M, Gray JC.

PD-L1 and CD8+PD1+ lymphocytes exist as targets in the pediatric

tumor microenvironment for immunomodulatory therapy.

OncoImmunol. 2015;4(10).

https://doi.org/10.1080/2162402x.2015.1029701.

20. Aoki T, Hino M, Koh K, Kyushiki M, Kishimoto H, Arakawa Y, et al. Low

Frequency of Programmed Death Ligand 1 Expression in Pediatric

Cancers. Pediatr Blood Cancer. 2016;63(8):1461-4. [PubMed ID:

27135656]. [PubMed Central ID: PMC5074238].

https://doi.org/10.1002/pbc.26018.

21. Zuo S, Sho M, Sawai T, Kanehiro H, Maeda K, Yoshida M, et al. Potential

role of the PD-L1 expression and tumor-infiltrating lymphocytes on

neuroblastoma. Pediatr Surg Int. 2020;36(2):137-43. [PubMed ID:

31925505]. https://doi.org/10.1007/s00383-019-04616-9.

22. Majzner RG, Simon JS, Grosso JF, Martinez D, Pawel BR, Santi M, et al.

Assessment of programmed death-ligand 1 expression and tumor-

associated immune cells in pediatric cancer tissues. Cancer.

2017;123(19):3807-15. [PubMed ID: 28608950].

https://doi.org/10.1002/cncr.30724.

23. Renaud E, Ricordel C, Corre R, Leveiller G, Gadby F, Babey H, et al.

Pembrolizumab plus pemetrexed-carboplatin combination in first-

line treatment of advanced non-squamous non-small cell lung

cancer: a multicenter real-life study (CAP29). Transl Lung Cancer Res.

2023;12(2):266-76. [PubMed ID: 36895931]. [PubMed Central ID:

PMC9989798]. https://doi.org/10.21037/tlcr-22-556.

24. Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder JP, et al.

Pembrolizumab for the treatment of non-small-cell lung cancer. N

Engl J Med. 2015;372(21):2018-28. [PubMed ID: 25891174].

https://doi.org/10.1056/NEJMoa1501824.

25. Hanahan D. Hallmarks of Cancer: New Dimensions. Cancer Discov.

2022;12(1):31-46. [PubMed ID: 35022204]. https://doi.org/10.1158/2159-

8290.CD-21-1059.

26. Liao R, Sun XF, Zhen ZZ, Huang DS. [Expression and significance of

programmed cell death ligand-1 in neuroblastoma tissues].

Zhonghua Er Ke Za Zhi. 2018;56(10):735-40. ZH. [PubMed ID: 30293276].

https://doi.org/10.3760/cma.j.issn.0578-1310.2018.10.004.

27. Othman AK, Udin N, Shab MS, Hamzah NA, Mat Azmi IS, Naing NN.

Demographic study of brain tumour in a neurosurgical department

in Terengganu, Malaysia. Med J Malaysia. 2020;75(6):705-9. [PubMed

ID: 33219181].

28. Balcha CA, Awoke DS, Kefene DH. A-5-year analysis of pediatric brain

tumors in a tertiary care center, in a sub-saharan African country.

Ethiopia J Pediat Child Health. 2022;17(1):31-42.

https://doi.org/10.4314/ejpch.v17i1.4.

29. al-Mulhim I. Neuroblastoma in children: a 10-year experience in

Saudi Arabia. J Trop Pediatr. 1998;44(2):77-80. [PubMed ID: 9604593].

https://doi.org/10.1093/tropej/44.2.77.

30. Naqib ZA, Ahmed AA, Harbi MA, Manjomi FA, Khan ZU, Alanazi A, et

al. Neuroblastoma in Saudi Children: A Single Center Experience

(2006-2014). J Cancer Therapy. 2015;6(10):896-905.

https://doi.org/10.4236/jct.2015.610098.

31. Bordbar M, Tasbihi M, Kamfiroozi R, Haghpanah S. Epidemiological

and clinical characteristics of neuroblastoma in southern iran. Iran J

Ped Hematol Oncol. 2014;4(3):89-96. [PubMed ID: 25254086]. [PubMed

Central ID: PMC4173027].

32. Saletta F, Vilain RE, Gupta AK, Nagabushan S, Yuksel A, Catchpoole D,

et al. Programmed Death-Ligand 1 Expression in a Large Cohort of

Pediatric Patients With Solid Tumor and Association With

Clinicopathologic Features in Neuroblastoma. JCO Precis Oncol.

2017;1:1-12. [PubMed ID: 35172499].

https://doi.org/10.1200/PO.16.00049.

33. Wu Z, Wei F, Zou Y. Effects of programmed death ligand 1 on the

prognosis of neuroblastoma: A protocol for systematic review and

meta analysis. Medicine. 2021;100(9). e24920. [PubMed ID: 33655954].

[PubMed Central ID: PMC7939199].

https://doi.org/10.1097/MD.0000000000024920.

https://brieflands.com/journals/ijp/articles/159779
https://doi.org/10.1080/2162402x.2015.1029701
http://www.ncbi.nlm.nih.gov/pubmed/27135656
https://www.ncbi.nlm.nih.gov/pmc/PMC5074238
https://doi.org/10.1002/pbc.26018
http://www.ncbi.nlm.nih.gov/pubmed/31925505
https://doi.org/10.1007/s00383-019-04616-9
http://www.ncbi.nlm.nih.gov/pubmed/28608950
https://doi.org/10.1002/cncr.30724
http://www.ncbi.nlm.nih.gov/pubmed/36895931
https://www.ncbi.nlm.nih.gov/pmc/PMC9989798
https://doi.org/10.21037/tlcr-22-556
http://www.ncbi.nlm.nih.gov/pubmed/25891174
https://doi.org/10.1056/NEJMoa1501824
http://www.ncbi.nlm.nih.gov/pubmed/35022204
https://doi.org/10.1158/2159-8290.CD-21-1059
https://doi.org/10.1158/2159-8290.CD-21-1059
http://www.ncbi.nlm.nih.gov/pubmed/30293276
https://doi.org/10.3760/cma.j.issn.0578-1310.2018.10.004
http://www.ncbi.nlm.nih.gov/pubmed/30293276
https://doi.org/10.3760/cma.j.issn.0578-1310.2018.10.004
http://www.ncbi.nlm.nih.gov/pubmed/33219181
https://doi.org/10.4314/ejpch.v17i1.4
http://www.ncbi.nlm.nih.gov/pubmed/9604593
https://doi.org/10.1093/tropej/44.2.77
https://doi.org/10.4236/jct.2015.610098
http://www.ncbi.nlm.nih.gov/pubmed/25254086
https://www.ncbi.nlm.nih.gov/pmc/PMC4173027
http://www.ncbi.nlm.nih.gov/pubmed/35172499
https://doi.org/10.1200/PO.16.00049
http://www.ncbi.nlm.nih.gov/pubmed/33655954
https://www.ncbi.nlm.nih.gov/pmc/PMC7939199
https://doi.org/10.1097/MD.0000000000024920

