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Background: Programmed death-1 and its ligand-1 (PD-1/PD-L1) regulate tumor immunotherapy. A large number of studies
have explored the relationship between PD-1, PD-L1, and different tumor susceptibility. However, these con-
clusions are not always consistent. Therefore, we updated this meta-analysis.

Material/Methods: MEDLINE, Web of Science, EMBASE and other databases were searched systematically to obtain related re-
search. Then, we used STATA15.0 software to carry out the final meta-analysis. The computational advantage
is better than OR to evaluate this relationship.

Results: A total of a total of 28 related studies were involved in our meta-analysis. It was found that PD-1 rs11568821
and rs7421861 increased the overall cancer probability in the allelic genetic model, while PD-1 rs36084323 ef-
fectively reduced the risk of cancer in the dominant genetic model. In the homozygous genetic model, PD-L1
rs17718883 effectively increased the probability of tumorigenesis. PD-L1rs4143815 is associated with a re-
duced incidence of cancer in heterozygote, homozygote and dominant genetic patterns. Subgroup analysis
showed that PD-1rs2227981 can promote the susceptibility to breast cancer, while PD-1rs2227982 can reduce
the susceptibility to breast cancer. PD-L1 rs2890658 can significantly reduce the risk of lung and liver cancer.

Conclusions: PD-1rs11568821, rs36084323, rs7421861, pD-L1rs17718883, and rs4143815 are associated with tumor sus-
ceptibility. However, a review based on more experimental evidence is needed to verify our findings.
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Abbreviations: PD-1 - programmed cell death-1; PD-L1 - programmed cell death ligand 1; CNKI — China National
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META-ANALYSIS

Background

Cancer is a serious global problem. According to the American
Cancer Society (ACS), there were more than 1.8 million new
cancer cases and 606 520 cancer-related deaths in the United
States last year [1]. In the past few decades, considerable prog-
ress has been made in understanding how cancer successful-
ly escapes from the immune system and survives, and these
advances provide an active way to overcome tumor immune
escape and may help to eliminate cancer cells [2]. As a pre-
liminary study, immunotherapy is mainly concentrated in im-
mune checkpoints [3]. Programmed cell death protein 1 and
its ligand (PD-1/PD-L1) pathway play an important role in the
induction and maintenance of immune tolerance in the tumor
microenvironment [4]. Early studies have shown that sever-
al 1IgG4 antibodies point to PD-1/PD-L1 in some solid tumors.
These studies have helped to improve the first round of PD-1
inhibitors, such as nivolumab, which were approved by the U.S.
Food and Drug Administration (FDA) in 2014 [5]. PD-L1, point-
ing to PD-1, on T cells helps to destroy cancer cells. However,
tumor cells show immune escape through the expression of
PD-L1 [6]. The overexpression of PD-L1 in many kinds of cells,
such as cancer cells and antigen-presenting cell (APC), is con-
sidered to be the key factor for maintaining anti-tumor immu-
nity in the tumor microenvironment (TME) and tumor draining
lymph nodes. The increase of PD-L1 level is related to the en-
hancement of (ICB) response blocked by immune checkpoints
against PD-1/PD-L1 [7]. Due to the complexity of tumor immu-
nity, there is no definite biomarker to evaluate the results of
PD-1/PD-L1 targeted therapy [8]. It is very important to iden-
tify the single-nucleotide polymorphism (SNP) that affects ex-
pression of the PD-1 gene and participates in tumor suscep-
tibility. Therefore, it will help to predict potential individuals
and clarify the pathophysiological mechanism of cancer [9].
A growing number of studies have explored the relationship
between PD-1 and PD-L1 single-nucleotide polymorphisms
and multiple cancer susceptibility. However, their results are
not consistent, and the same location has different effects in
different studies [10-19]. More systematic reviews are need-
ed to support the evidence of these results. To address this
problem, we propose a new meta-analysis to assess the rela-
tionship between PD-1 and PD-L1 and cancer susceptibility.

Material and Methods

Literature Search

The related literatures in the databases of PubMed, Web of
Science, EMBASE, and China National knowledge Infrastructure
(CNKI) and Wanfang data information Service platform were
searched by computer, and the related research was carried out.
To determine the relationship between PD-1/PD-L1 mutations
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and cancer susceptibility, we used the following keywords:
(programmed cell death 1 or programmed cell death ligand1
or PD-1 or PDCD1 or PD-L1 or CD274 or B7-H1) and (polymor-
phism or genotype or variant or SNP) and (cancer or carcino-
ma or neoplasm).

We searched for relevant published research until March 28,
2019, and we also searched the literature for relevant disser-
tations. Figure 1 shows a flowchart of search strategies that
illustrate PD-1 and PD-L1 variants and cancer predisposition.

Inclusion and Exclusion Criteria

The process of retrieving studies is shown in Figure 1. We list
the inclusion and exclusion standards below.

Inclusion Criteria

The inclusion criteria were: (1) Case-control studies on the
relationship of PD-1 and PD-L1 variant with cancer predis-
position; (2) The genotypes of control groups were in Hardy-
Weinberg equilibrium (HWE); (3) Allele frequencies in studies
were shown; (4) English and Chinese articles; and (5) Studies
with human subjects.

Exclusion Criteria

The exclusion criteria were as follows: (1) genotypes in the
control group did not conform to HWE; (2) studies of geno-
type frequency estimates of odds ratio (OR) and 95% confi-
dence interval (Cl) could not be obtained; (3) useful data or
results could not be extracted; (4) the results were not relat-
ed to cancer susceptibility; (5) the article was a duplicate pub-
lication or existed only as an abstract.

Data Extraction

The data were extracted independently by 2 authors. If nec-
essary, the differences between the 2 authors were resolved
through discussion with a third investigator. All valid data
are shown in Table 1: author’s name, year, country, national-
ity, cancer type, number of groups, P value of HWE, and gen-
otype method.

Trials Quality Assessment

The quality of the selected articles was evaluated with the
Ottawa Newcastle scale (NOS). The NOS score was ranged
from 0 to 9. Scores greater than 5 indicate high-quality arti-
cles. Table 2 lists the quality of all selected studies. The assess-
ment includes the following 3 parts: (1) selection of subjects; (2)
comparability between groups; and (3) exposure assessment.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932146-2




Zhang W. et al:
Relationship of PD-1 and PD-L1 polymorphisms with overall cancer susceptibility
© Med Sci Monit, 2021; 27: €932146

META-ANALYSIS

Figure 1. Flowchart illustrating the search
strategy for PD-1 and PD-L1 variants
and cancer.
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left for deep analysis
(N=28)

Finally, sase-control studies included in our
meta-analysis
(N=28)
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From: David Moher, Alessandro Liberati, Jennifer Tetzlaff, Douglas G Altman, PRISMA Group.
Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement.
PLoS Med. 2009;6(7):e1000097. doi: 10.1371/journal.pmed.1000097.

Statistical Analyses

STATA15.0 software was used for statistical analysis. Q test
and heterogeneity coefficient 12 were used to evaluate the het-
erogeneity of the study. If there was no statistical heterogene-
ity (12 <50%), our meta-analysis used a fixed-effect model, as
well as random effects. The combined OR value and its 95%
Cl were evaluated to assess the relationship. We include 5 ge-
netic models: (1) allele, (2) heterozygote, (3) homozygote, (4)
dominance, and (5) recessive model, and studies the relation-
ship between them. If it was indispensable, we analyzed the
relevant causes that may have led to heterogeneity in groups.
We used the funnel chart and the P value of Egger’s and Begg’s
test to judge the publication deviation.

Results

Based on our search strategy, a total of 476 appropriate and
related articles were identified. In the end, 28 articles were
screened out for analysis.

Characteristics of the Selected Studies

The characteristics of the selected articles [9,20-41] are shown
in Table 1. Twenty-eight articles were identified for the rela-
tionship between PD-1/PD-L1 SNP and cancers susceptibility.
These studies contained 60 612 subjects.

A total of 25 articles were involved in the meta-analysis of
PD-1 SNPs. A total of 6 trials were conducted to study the re-
lationship between PD-1 rs10204525 and tumor susceptibil-
ity, with 8940 subjects. Five studies involving 3156 subjects
investigated the relationship between PD-1 rs11568821 and
cancer predisposition. A total of 7829 subjects in 11 studies
showed a relationship between PD-1rs2227981 mutations and
cancer susceptibility. Ten trials, including 10 976 subjects, in-
vestigated the relationship between PD-1rs2227982 and can-
cer susceptibility. A total of 11 005 subjects in 10 studies re-
ported the relationship between PD-1 rs36084323 and cancer
susceptibility. A total of 10 963 subjects in 8 studies analyzed
the relationship between PD-1 rs7421861 variation and cancer
susceptibility. For PD-L1 SNPs, a total of 8 articles that stud-
ied the effects of 3 widely studied polymorphisms in PD-L1
were included in the meta-analysis. Three studies were con-
ducted to assess the relationship between PD-L1 rs17718883
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Table 1. Characteristics of the selected articles.

Genotype

Genotype n First author Year Country Ethnicity Cancer type Case Control HWE methods

GG AG AA GG AG AA

Zhou R-M 2016 China  Asian Esig:i‘freal 33 226 325 51 238 296 0.748 PCR-LDR
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - - R
Zang B 2019  China  Asian Scc’gn:egreal 63 329 420 50 359 551 0.388 GRT-PCR
PD-1 Ren H-T 2016 China Asian Breast cancer 54 248 257 51 240 291 0.879 PCR
rs10204525 Tang WF 2015 China  Asian  Gastriccancer 21 123 169 53 219 309 0.119 PCR-LDR
Qiu H 2014 China  Asian Eszg::egfal 43 240 317 63 243 345 0.038 PCR-LDR
Tang WF 2017 China  Asian ES?Z:?egfa' 544 397 98 870 672 132 0.887 PCR-LDR
AA GG AG AA AG GG
Fathi F 2019 Iran Asian  Basal cell cancer 3 183 24 7 58 255 0.099 PCR-RFLP
Bayram S 2012 Turkey  Asian Hepi;zcceelrl“'ar 0 191 45 0 56 180 0.038 PCR-RFLP
PD-1 Haghshenas MR 2011 Iran Asian Breast cancer 8 365 63 4 55 231 0.725 PCR-RFLP
O I T-7-7: 5 S I R
Ma Y 2015  China  Asian ON-sMat el o 426 102 2 142 456 0.009 PCR-RFLP
lung cancer
Fathi F oty . TR e 119 27 5 32 113 0.162 PCR-RFLP
head and neck
CC CG GG CC CG GG
PD-L1
rs17718883
Chen S 2017  China  Asian  epatocelilar o, 27 48 16 0054 PR
carcinoma
TT CT CC TT CT CC
Fathi F 2019  Iran  Asian Basalcell 55 g7 93 150 134 36 0466 PCR-RFLP
carcinoma
Zhou R-M 2016 China  Asian Escc’s:jegfa' 52 241 291 46 229 310 0.683 PCR-LDR
Li XF 2016 China Asian Cervical cancer 44 167 45 87 101 62 0.004 PCR-RFLP
Ma Y 2015  China  Asian  Normsmalleell o 6 244 08 246 256 0.004 PCR-RFLP
lung cancer
PD-1 Fathi F 2018 Iran  Asian  carCmomasof oo 65 13 71 66 0317 PCR-RFLP
11 head and neck
- ¥
Hua Z 2011 China Asian Breast cancer 22 169 295 24 210 244 0.012 PCR-RFLP
Mojtahedi Z 2012 Iran Asian  Colorectal cancer 32 109 59 36 89 75 0.290 PCR-RFLP
Liy 2016 China Asian Ovarian cancer 351 233 351 51 250 319 0.837 PCR-LDR
We L 2017 China Asian Ovarian cancer 7 42 67 6 44 60 0.571 RT-PCR

Sanaz Savabkar 2013 Iran Asian Gastriccancer 6 66 50 7 70 89 0.136 PCR-RFLP
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Table 1 continued. Characteristics of the selected articles.

Genotype n First author Year Country Ethnicity

Cancer type

META-ANALYSIS

Case Control HWE

CC CT TT CC CT TT

Genotype
methods

149 305 130 150 297 138 0.702  PCR-LDR

esophageal
cancer

non-small cell
lung cancer

multiple
myeloma

esophageal
cancer

esophageal
cancer

esophageal
cancer

non-small cell
lung cancer

hepatocellular
carcinoma

esophageal
cancer

rs2890658 L """""""""""""""""""""" T e MR

non-small cell
lung cancer

hepatocellular
carcinoma

esophageal
cancer

esophageal
cancer

multiple
myeloma

Cutaneous
Melanoma

rs36084323 - o

non-small cell
lung cancer

Zhou R-M 2016 China Asian
Tan D 2017 China Asian
MayY 2015 China Asian
Hua Z 2011 China Asian
Kasamatsu T 2019  Japan Asian
PD-1
rs2227982 Tang WF 2015  China Asian
QiuH 2014 China Asian
Tang WF 2017  China Asian
Tang WF 2017  China Asian
Ren H-T 2016 China Asian
Chen Y-B 2014  China Asian
Xie Q 2018 China Asian
PD-L1 Zhou R-M 2017  china Asian
iQ 2016 china Asian
MaY 2015 China Asian
Chen S 2017 china Asian
Zhou R-M 2016 China Asian
Zang B 2019 China Asian
Hua Z 2011 China Asian
Kasamatsu T 2019  Japan Asian
PD-1 10 Bbéas Gomez GV 2018 Brazil Caucasian
MaY 2015 China Asian
Liy 2016 China Asian
We L 2017 china Asian
ZhaoY 2018 China Asian
Tang WF 2017 China Asian

esophageal
cancer
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Table 1 continued. Characteristics of the selected articles.
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Genotype n First author Year Country Ethnicity Cancer type Case Control HWE (::::ht:::
CC CG GG CC CG GG

Wang W 2013 China Asian Gastric cancer 45 72 88 135 188 70 0.746 PCR
Tan D 2017 China  Asian  Ovariancancer 31 82 51 54 78 38 0334 gRT-PCR
Xie Q 2018  China  Asian  Hepatocelular o) o o) 65 104 31 0316 PCR-RELP

carcinoma
PD-L1 [N BN B D R

rs4143815 Zhou R-M 2017 China  Asian Esis::ffal 211 277 87 203 289 85 0275 PCR-LDR

Li Q 2016 China Asian Gastriccancer 41 47 13 49 76 16 0.09 PCR

Chen S 2017 China  Asian  Hepatocellilar o000 49 76 16 0.09 PCR

carcinoma
CC CT TT CC CT TT

Tang WF 2017 China  Asian Escc’s:?freal 7 91 226 22 168 408 0368 PCR-LDR
Zang B 2019  China  Asian Es‘zg::egreal 343 370 100 457 411 92 0.977 PCR-RFLP
Hua Z 2011 China Asian Breast cancer 11 146 333 12 130 370 0.884 PCR-RFLP
_ Tang WF 2015  China  Asian  Gastriccancer 7 91 226 22 168 408 0.367 PCR-LDR
rs7421861 QiuH 2014 China  Asian Es‘zg::egfal 21 168 411 25 188 460 0.295 PCR-LDR
Jie Ge 2015 China Asian  Colorectal cancer 14 187 395 17 163 440 0.684 PCR-RFLP
Tang WF 2017  China  Asian Es‘c’g:iegfa' 41 358 642 54 45411660.232 PCR-LDR

Ren H-T 2016 China Asian Breast cancer 23 196 341 28 205 347 0.746 PCR

mutations and cancer susceptibility. Six trials involving 3797
subjects confirmed the relationship between PD-L1 rs2890658
and cancer susceptibility. Six studies, including 3015 subjects,
estimated the relationship between PD-L1 rs4143815 and can-
cer susceptibility.

Meta-analysis Results

Table 3 contains our meta-analysis summary of PD-1 and PD-L1
variants and cancer susceptibility. Table 4 lists the subgroup
analyses based on cancer type.

ORs of PD-1 SNPs and Cancer Predisposition

As regards PD-1 rs11568821 polymorphism, we revealed the
variant increased the cancer predisposition in the allele ge-
netic model (OR=1.314, 95% Cl=1.116-1.547, P=0.001, G vs
A). PD-1 rs36084323 variant was proved to decrease the can-
cer risk in dominant genetic model (OR=0.903, 95% Cl =0.819-
0.995, P=0.038, GG+GA vs AA). PD-1 rs7421861 variant was

found to enhance cancer predisposition in the heterozygote
model (OR=1.202, 95% Cl=1.031-1.402, P=0.019, TC vs CC)
and dominant genetic model (OR=1.181, 95% CI=1.020-1.368,
P=0.026, TT+CT vs CC). No clear relationship was found be-
tween rs2227981, rs227982, and rs10204525 variants and
cancer susceptibility. Forest plots of meta-analysis of PD-1
rs11568821 and rs10204525 in the allele model are dem-
onstrated in Figure 2. Forest plots of meta-analysis on PD-1
rs36084323 and rs2227981 in the dominant model are shown
in Figure 3. Forest plots of the meta-analysis of PD-1 rs7421861
in the heterozygote model and dominant model are present-
ed in Figure 4.

Subgroup Analysis of PD-1 SNPs and the Cancer
Predisposition

We conducted some subgroup analyses that were based on
cancer types. We detected PD-1 rs2227981 promoted the pre-
disposition of breast cancer (OR=1.219, 95% Cl=1.045-1.422,
p=0.012, C vs T, Figure 5). PD-1 rs2227982 variant was
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Table 2. Quality assessment based on the Newcastle-Ottawa Scale of trials included in this meta-analysis.

Selection Exposure

Adequacy Representa- . ... Compara- Agcertain- Non- Total
of case  tiveness of Selection Definition bility method of SeOTeS

ment of A response
A of controls of controls ascertain-
definition the cases exposure e rate

Zhao, 2018 ¥ NA NA b ¢
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Table 3. Meta-analyses on PD-1 and PD-L1 variants and cancer susceptibility.

Genotype Contrast model OR (95%l) f s eroganalty A':Zl“i’:lis
Avs G 1.002 (0.889-1.129) 0.976 67.50 0.009 R

GAvsGG 1073 (0866-1331) 0517 a900 0081 | R

(510204525 MGG 1097 (0817-1474) 0539 6830 0008 | R
 AAtGAVSGG 1068 (0843-1.354) 0586 6180 0023 | R

AAVSAGHGG 0995 (0856-1.599) 0943 5940 0031 | R
''''''''''''''''''''''''''''' GvsA 1314 (1116-1547) 0001 000 089  F
CAGVsAA 0911 (0.437-1898) 0803 000 o716 oo

511568821 GGvsAA 1298 (0.644-2618) 0466 000 0601 | P
GG+GAVSAA 1221 (0606-2459) 0576 000 0698 | P

 GGvsGA+AA 1061 (0.955-1.180) 0270 000 1000 P
''''''''''''''''''''''''''''' CvsG 14156 (4024-49805 <0001 8510 0001 R
S GCvsGG 2077 (06456601 0221 000 0626 oo

517718883 ccvsee 25488 (8494-76.481) <0001 000 0829 | P
CCHCGVSGG 16615 (5565-49.609)  <0.001 000 08ss oo

 CCusCG+GG 16361 (4203-63.685)  <0.001 8460 0001 | R
''''''''''''''''''''''''''''' CvsT 1077 (07531539 0686 9620 <0001 R
CTCwsTT 1056 (0.542-2058) 0873 9460 - 0001 | R

152227981 CccwsTT 1095 (053122600 0805 9520 <0001 | R
CCHCTusTT 1085 (0548-2.146) 0815 9550 <0001 | R

CCCusCHTT 1050 (0754-1464) 0771 9160 <0001 | R
""""""""""""""""""""""" CvsT 0981 (0.898-1071) 0665 5600 0015 R
CTCwsTT 1050 (0.952-1158) 0330 000 0773 | P

(52227982 CcCusTT 0977 (0.824-1157) 0787 5020 0034 | R
CceCTvsTD) 1028 (0938-1127) 0555 000 0498 oo

cCvscTAT 0942 (0809-1.09%) 0437 6430 0003 | R
""""""""""""""""""""""" AvsC 1002 (0718-1400) 0989 7980 <0001 R
CcAwscc 1154 (0902-1476) 0254 000 0933 P

(52890658 CAavscC 1121 (0696-1806) 0638 000 0542 oo
AARACVSCC 1150 (0915-1469) 0220 000 0640 | P

CMusACHCC 1002 (0.662-1515) 0994 7690 0001 | R
''''''''''''''''''''''''''''' GvsA 0930 (0851-1016) 0106 4980 003 R
CAGVsAA 0933 (0.842-1034) 0189 3130 o158 oo

536084323 GGvsAA 0829 (0701-0981) 0029 3880 0099 | R
GG+GAVsAA 0903 (0819-0.995 0038 3510 0127 | P

 GGvsGA+AA 0913 (0.798-1044) 0183 a900 0039 | R
''''''''''''''''''''''''''''' CvsG 0752 (0555-1019) 0066 890 <0001 R
S GCvsGG 0560 (0.365-0.860)  0.008 7600 0001 | R

54143815 ccvsee 0537 (0315-0918) 0023 8200 <0001 | R

| CC+CGVsGG 0555 (0.351-0877) 0012 8150 <0001 | R

 CCusCG+GG 0809 (0575-1.138) 0223 7570 0001 | R
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Table 3 continued. Meta-analyses on PD-1 and PD-L1 variants and cancer susceptibility.

Genotype Contrast model OR (95%l) R sterogenelty A::)l::lis
T vsC 0.980 (0.855-1.124) 0.777 74.20 <0.001 R
CTcwsce 1202 (10311402 0019 000 0963 P
(57421861 CTTwscc 1171 (0969-1416) 0102 1980 0222 P
TCTvscc 1181 (1.020-1368) 0026 000 0642 | P
CTTwscTecc 0947 (0811-1106) 0492 6810 0003 | R

confirmed to decrease breast cancer risk in the allele model
(OR=1.173,95% CI=1.040-1.322, P=0.010, C vs T, Figure 5); ho-
mozygote model (OR=1.379, 95% CI=1.081-1.758, P=0.010, CC
vs TT) and recessive genetic model (OR=1.375, 95% Cl=1.126-
1.679, P=0.002, CC vs CT+TT). As regards the PD-1 rs36084323,
our analyses results showed this polymorphism lowered the
ovarian cancer predisposition in the heterozygote model
(OR=0.695, 95% Cl=0.538-0.897, P=0.005, AG vs AA); homo-
zygote model (OR=0.615, 95% Cl=0.459-0.823, P=0.001, GG
vs AA, Figure 6) and dominant genetic model (OR=0.666, 95%
C1=0.523-0.847, P=0.001, GG+GA vs AA, Figure 6).

ORs of PD-L1 SNPs and Cancer Predisposition

As regards PD-L1 rs17718883 polymorphism, we demonstrat-
ed the variant increased the cancer predisposition in the ho-
mozygote genetic models (OR=25.488, 95% CI=8.494-76.481,
P=0, CCvs GG). PD-L1 rs4143815 was found to decrease can-
cer risk in the heterozygote genetic model (OR=0.560, 95%
C1=0.365-0.860, P=0.008, GC vs GG), homozygote genetic mod-
el (OR=0.537, 95% Cl= 0.315-0.918, P=0.023, CC vs GG), and
dominant genetic model (OR=0.555, 95% Cl= 0.351-0.877,
P=0.012, CC+CG vs GG). There was no significant association
of PD-L1 rs2890658 variant with cancer predisposition. Forest
plots of meta-analysis on PD-L1 rs17718883 and rs2890658
in homozygote model are shown in Figure 7. Forest plots of
meta-analysis about PD-L1 rs4143815 in heterozygote model
and homozygote model are presented in Figure 8.

Subgroup Analyses of PD-L1 SNPs and the Cancer
Predisposition

We found that PD-L1 rs2890658 reduced the non-small cell
lung cancer predisposition in the allele model (OR=0.609,
95% C1=0.477-0.777, P=0, A vs C) and recessive genetic model
(OR=0.589, 95% (CI=0.454-0.765, P=0, AA vs AC+CC). Moreover,
PD-L1 rs2890658 variant increased the hepatocellular car-
cinoma predisposition in the allele model (OR=1.358, 95%
Cl=1.006-1.833, P=0.046, A vs C, Figure 9) and recessive ge-
netic model (OR=1.405, 95% CI=1.002-1.970, P=0.049, AA vs
AC+CC, Figure 9). With respect to PD-L1 rs4143815, we found

that this polymorphism lowered the hepatocellular cancer
predisposition in the heterozygote model (OR =0.422, 95%
C1=0.279-0.639, P=0, GC vs GG, Figure 10), homozygote model
(OR=0.459, 95% Cl=0.213-0.991, p=0.047, CC vs GG, Figure 10),
and dominant genetic model (OR=0.425, 95% CI=0.288-0.628,
p=0, CC+CG vs GQ).

Sensitivity Analyses and Publication Bias

We performed a series of sensitivity analyses, and the com-
posite results showed no significant change. This shows that
our research results are reliable.

We used the P values of 2 tests to evaluate publication bias.
Then, the results of merger analysis were compared in the
allelic genetic model. The consequences of publication bias
are listed in Table 5. If the P value of both tests is less than
0.05, it indicates that there is publication bias. In conclu-
sion, there is no publication bias in the literature on the re-
lationship between PD-1rs11568821, rs36094323, pD-L1
rs4143815, and rs7421861 gene polymorphisms and can-
cer risk. Figures 11 and 12 show Begg’s funnel plots of PD-1
rs11568821, rs36094323, rs7421861, and PD-L1 rs4143815 in
the allele model, but there was publication bias about the re-
lationship of PD-1 rs17718883 polymorphism and cancer pre-
disposition in the allele genetic model.

Discussion

It has recently been confirmed that checkpoint blockade im-
munotherapy is one of the reasons for the continued decline
in cancer mortality [1]. Single-nucleotide polymorphisms are
expected to become biomarkers to help scientists classify tu-
mors and will allow patients to be assigned to the most ap-
propriate treatment [42]. PD-1 and PD-L1 play an indispens-
able role in immune tolerance, and they have become key
targets in cancer therapy [43]. Some articles have discussed
the relationship between PD-1 and PD-L1 mutations and dif-
ferent cancer susceptibility, but the conclusions are still in-
consistent. Our study estimated the relationship between 9
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Table 4. Subgroup analyses based on cancer type.

Test for heterogeneity Analysis

Genotype Subgroup Contrast model OR (95% CI)

model
Avs G 1.015 (0.862-1.195) 0.859  77.40 0.004 R
GA vs GG 1.063 (0.796-1.419) 0679  63.70 0.041 R
Esophageal  , A vs GG 1122 (0.749-1681) 0576  77.70 0.004 R
CAlCEINE @ R _________ [ e
AA+GA vs GG 1.068 (0.774-1.475) 0687  73.50 0.010
AA vs AG+GG 1.030 (0.832-1.274) 0787  71.90 0.014 R
Avs G 0.891 (0.745-1.064)  0.202 R
GA vs GG 0976 (0.640-1.488)  0.910 R
Breast .
rs10204525 1 AAVsGG 0.834 (0.549-1.267)  0.395 . . R
CANCEI @ R - "SR O . 0
AA+GA vs GG 0.898 (0.601-1.342)  0.600 R
AA vs AG+GG 0.851 (0.674-1.074) 0.174
Avs G 1.085 (0.871-1.351)  0.021 R
GA vs GG 1417 (0.817-2.461) 0215 R
Gastric 1 AA Vs GG 1380 (0.805-2.366)  0.241 R
CeE=y - @ IS O 0
AA+GA vs GG 1396 (0.825-2.360)  0.213 R
AA vs AG+GG 1.033 (0.784-1.361)  0.817 R
CvsT 1219 (1.045-1422)  0.012 6.70 0301 R
TCvs TT 1.081 (0.750-1.557)  0.677 0.00 0.408 R
EIER 2 CCvsTT 1309 (0.910-1.883)  0.147 0.00 0.975 R
CaANC T .
CC+CT vs TT 1206 (0.852-1.707)  0.291 0.00 0.750
CC vs CT+TT 1301 (0.991-1.706) 0.058  49.60 0.159
L -3
CvsT 0639 (0.241-1.694) 0368  94.60 <0.001 R
TCvs TT 0304 (0.053-1.756) 0.183  88.00 0.004 R
Ovarian 2 CCvsTT 0358 (0.063-2.054) 0249 8850 0.003 R
CANCEN @ PR . ISR e
CC+CT vs TT 0336 (0.058-1.942) 0223  89.00 0.003 R
CC vs CT+TT 0769 (0.390-1.516) 0.449  82.90 0.015 R
CvsT 0982 (0.914-1.056) 0.623  10.20 0.342 F
TCvs TT 1.095 (0.966-1.241)  0.154 0.00 0.813 F
Rica . 0961 (0.831-1.112) 0592  15.10 0316 F
CAlCEINE @ R ___________ [ e
CC+CT vs TT 1.049 (0.932-1.181)  0.424 0.00 0613 F
CC vs CT+TT 0907 (0.805-1.022) 0.108  11.80 0.334 F
AT
CvsT 1173 (1.040-1.322)  0.010 0.00 0.599 F
TCvs TT 1.012 (0.823-1.245)  0.908 0.00 0.758 F
Breast 2 CCvsTT 1379 (1.081-1.758)  0.010 0.00 0.734 F
CANCEIE @ R - ' 0 e 00
CC+CT vs TT 1120 (0.921-1.361)  0.257 0.00 0.980 F
CC vs CT+TT 1375 (1.126-1.679)  0.002 0.00 0.536 F
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Table 4 continued. Subgroup analyses based on cancer type.

Test for heterogeneity Analysis

Genotype Subgroup Contrast model OR (95% CI)

model
Avs C 0609 (0.477-0.777)  0.000 5.20 0.304 F
CAvs CC 0777 (0.252-2.398)  0.661 0.00 0.817 F
il . e 0465 (0.155-1.397)  0.172 0.00 0.662 F
celllung =~ T o T T T T
AA+AC vs CC 0503 (0.167-1510)  0.221 0.00 0.668 F
AA vs AC+CC 0589 (0.454-0.765)  0.000 0.00 0.345 F
417 S
Avs C 1358 (1.006-1.833)  0.046 0.00 0.629 F
Hepato- B 1195 (0430-3.323) 0733 | e .  F
cellular 2 MAvsCC 1648 (0.612-4.436)  0.323 0.00 0361 F
C2GNoma AA+AC vs CC 1.516 (0.566-4.065)  0.408 0.00 0.362 F
AA vs AC+CC 1405 (1.002-1.970)  0.049 0.00 0.794 F
Gvs A 1.036 (0.893-1.202) 0639  61.80 0.073 R
AG vs AA 1.041 (0.893-1214)  0.608 0.00 0.960 F
S:zf:’::’geal 3 GGvsAA 0942 (0.789-1.125)  0.510 0.00 0.436 F
GG+GA vs AA 1.008 (0.872-1.165)  0.917 0.00 0.720 F
GG vs GA+AA 1.024 (0.810-1.295)  0.843  68.90 0.040 R
FS36004323 - nrrrommrmmomm e T
Gvs A 0727 (0523-1.012) 0.059  64.70 0.092 R
AG vs AA 0.695 (0.538-0.897)  0.005 0.00 0.673 F
?;’:Cr:" 2 GGvsAA 0615 (0.459-0.823) 0001  61.80 0.106 F
GG+GA vs AA 0.666 (0.523-0.847)  0.001 0.00 0333 F
GG vs GA+AA 0689 (0.397-1.196) 0.185  65.90 0.087 R
CvsG 0708 (0.307-1.630) 0417  92.90 <0.001 R
GC vs GG 0449 (0.185-1.089) 0.077  73.90 0.050 R
S:szgrc 2 CCvsGG 0498 (0.132-1.878) 0303  87.00 0.006 R
CC+CG vs GG 0473 (0.162-1.384) 0172  83.80 0.013 R
CC vs CG+GG 0815 (0.348-1.911) 0638  85.20 0.009 R
[ 1 B T b
CvsG 0736 (0.440-1.233) 0245 8150 0.020 R
Hepato- CEtwseE 0422 (0.279-0.639) WU | oo e R
cellular 2 CCvsGG 0459 (0.213-0991)  0.047  63.50 0.098 R
GO CC+CG vs GG 0.425 (0.288-0.628)  0.000 0.00 0.353 R
CC vs CG+GG 0.864 (0.405-1.844) 0706  81.00 0.022 R
Tvs C 1.000 (0.784-1276) 0999  87.00 <0.001 R
TC vs CC 1179 (0.995-1.396)  0.057 0.00 0.770 F
E:‘;E:rageal 4 TTvsCC 1133 (0.760-1.689) 0541  61.00 0.053 R
TT+CT vs CC 1169 (0.995-1.374) 0058  30.00 0.232 F
TT vs CT+CC 0984 (0.735-1317) 0913  83.00 0.001 R
U RSttt
TvsC 0960 (0.784-1.175) 0.692  42.10 0.189 R
TC vs CC 1183 (0.730-1.917)  0.494 0.00 0.923 F
Breast 2 TTvscC 1123 (0.701-1.798)  0.630 0.00 0.701 R
O O -~ -~~~ =~~~ - - ~ - - ~ - - _______________ SRR _____._
TT+CT vs CC 1.169 (0.995-1.374)  0.586 0.00 0.807 F
TT vs CT+CC 0931 (0.729-1.189) 0565  46.10 0.173 R
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A B
Study ID OR(95%Cl) %weight  StudyID OR(95%(Cl) % weight
Fathi F (2019) ——————— 165(1.06,2.57) 12.68  ZhouR-M (2016) —————>1.23(1.02,148) 1585
Bayram S (2012) 1.28(0.84,1.93) 1565  ZangB(2019) I — 0.81(0.69,0.94) 17.99
Haghshenas MR (2011) ~ 122(086,173) 2219 RenHT(016 R 089(075,1.06) 1616
MaY (2015) ) 130099169 3760 ngWQ0s) 1.08(0.87,135) 13.65
) QiuH (2014) _ 1.06(0.89,1.26) 1635
Fathi F (2018) 123(076,1.99) 1187 100w 0017 N 1.03(091,1.16)  19.99
Overall {I-squared=0.0%, p=0.849) 131(1.12,1.55) 10000 overall (I-squared=67.5%, p=0.009)<<_| 1.00(0.89,1.13) 100.00
Note: Weights are from random effects analysis
389 1 257 678 1 148
Figure 2. Forest plots of meta-analysis. (A) PD-1 rs11568821 in allele model (B) PD-1 rs10204525 in allele model.
A B
Study ID OR(95%Cl) %weight  StudyID OR(95%Cl) % weight
| 0
Zhou R-M (2016) - 1.08(0.82,1.41) 1181 FathiF (2019) : —+—529(339,826)  9.45
Zang B (2019) —‘*— 1.27(0.52,3.13)  1.00 Zhou R-M (2016) — 0.87(0.58,132)  9.50
HuaZ (2011) = 0.90(067,121) 1077 LiXF(2016) P 257(1.70,3.90)  9.50
KasamutsuT (2019)1 . 117(070,194) 316 MaY(2015) ‘:"— 132(095,1.84) 962
BoasGomezGV(zms)(—o—’- 008(0.00,134 o075  FathiF(2018) T 079(037,172) 875
MaY (2015) - 093(071,121) 1286  waZ(onm T 111(062,200) = 9.17
Y (2016 = 070054 081 1556 Mojtahedi Z (2012) —f— 1.15(0.68,1.94) 931
, TR : LiY (2016) S : 0.15(0.11,020) 965
Wei L (2017) —-—| 050027,09) 339 it por) I 050020276 777
ZhaoY (2018) i 086(064,1.15) 1101 yaghehenas MR (2011) i - 126(0.82,1.93)  9.48
Tang W (2017) 5 0.97(082,1.16) 2970 SavabkarS (2013) S HE— 0.85(0.28,2.60)  7.79
Overall (I-squared=35.1%, p=0.127) 0.90(0.82,0.99) 100.00 Overall (I-squared=95.5%, sz.OOO)<j> 1.08 (0.55,2.15) 100.00
Note: Weights are from random effects analysis E
T T T T * T
.00421 1 238 109 1 9.19
Figure 3. Forest plots of meta-analysis. (A) PD-1 rs36084323 in dominant model (B) PD-1 rs2227981 in dominant model.
A B
Study ID OR(95%Cl) %weight  StudyID OR(95%(Cl) % weight
Tang WF (2017) ——§—~%1.70(o.70,4‘14) 274 TangWF (2017) — 5 173(073,400) 265
Zang B (2019) He—— 120(0.98,1.46) 59.89  BaoZ(2019) — 1.24(1.03,150)  59.05
HuaZ (2011) ——T———  12305228) 321  HuaZ(201) _ 1.05(046,239) 333
Tang WF (2015) ————3170(070,414) 274  TangWF(2015) — > 173(073,409) 265
QiuH (2014) —— 1.06(0.57,1.97) 660  QiuH(2014) — 1.06(059,1.92)  6.49
GeJ (2015) — 1 139(067,291) 402 GeJ(2015) —t 1.17(0.57,240) 421
Tang WF (2017) —_— 1.04(0.68,1.59) 1378 TangWF (2017) — 0.81(0.54,1.23) 1485
Ren H-T (2016) —— 116(0.65,2.09) 701 RenH-T(2016) — 1.18(0.67,2.08)  6.76
Overall (I-squared=0.0%, p=0.963) <> 120(1.03,1.40) 10000 Overall (-squared=0.0%, p=0.642)  [<> 1.18(1.02,1.37) 100.00
m 1 414 244 1 409

Figure 4. Forest plots of meta-analysis. (A) PD-1 rs7421861 in heterozygote model (B) PD-1 rs7421861 in dominant model.
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A B
Study ID OR(95%Cl) % weight Study ID OR(95%Cl) % weight
Breast cancer Eso cancer
HuaZ (2011) fl—— 1320107,162) 2540 Zhou R-M (2016) _— 1.02(0.87,1.20) 14.62
Haghshenas MR (2010) e 113(091,139) 2537 (T)mHv(szo(]fQW) —_—T ggggggﬂglg ;ggg
¥ —6.7%, p= : ang = .93(0.84, 1. '
Subtotal (I-squared=6.7%, p=0.301) i <> 1220105142 5077 Tang WF (2017) 113093137 1015
) : Subtotal (I-squared=10.2%, p=0.3%Z_>> 0.98(0.91,1.06) 75.17
QOvarian cancer : H
LiY (2016) - i 0.40(0.34,0.46)  25.69 Breast cancer :
Weil (2017) —H— 107(070,165) 2355 :Uaﬁ(%(%?ﬁ) }; E?g;]ig; 1;(7)2
Subtotal (I-squared=94.6%; = 0.64(0.24,1.69) 49.23 en - LA !
(-sq : ( ) Subtotal (I-squared=0.0%, p=0.599) | i\ =—_—== 1.17(1.04,132) 24.83
Overall (I-squared=97.3%, p:0.006=)<€;> 0.89(0.45,1.73)  100.00 Overall (I-squared=48.7%, p=0.083) <j> 1.03(0.97,1.10) 100.00
Note: Weights are from random effects analysis
241 1 415 70 1 142

Figure 5. Forest plots of Subgroup analysis. (A) breast cancer (PD-1 rs2227981 in allele model); (B) breast cancer (PD-1 rs2227982 in

allele model).
A B
Study ID OR(95%Cl) % weight Study ID OR(95%Cl) 9% weight
Eso cancer Eso cancer :
Zhou R (2016) —— 1.07(0.77,1.49)  18.70 Zhou R-M (2016) - 1.08(0.82,1.41) 19.21
Zang B (2019) —§——o—1.33 (0.54,3.26) 229 Zang B (2019) —.——.— 1.27(0.52,3.13)  1.62
Tang WF (2017) — 0.87(0.70,1.08) ~ 47.55 Tang WF (2017) — 0.97(0.82,1.76) 48.34
Subtotal (I-squared=0.0%, p=0.436) <] 0.94(0.79,1.13)  68.53 Subtotal (I-squared=0.0%, p=0.342) <1 1.01(0.87,1.16)  69.17
Ovarian cancer Ovarian cancer ;
LiY(2016) = 0.68(0.50,0.94)  25.19 Yan L (2016) —_ 0.70(0.54,0.91) 2532
Weil (2017) — 0.35(0.16,0.74) 6.28 Weil (2017) ; 0.50(0.27,0.93)  5.51
Subtotal (I-squared=61.8%, p=6-05>; 0.61(0.46,0.82)  31.47 Subtotal (I-squared=0.0%, p=0C333 | 0.67(0.52,0.85) 30.83
Overall (I-squared=60.8%, p=0.037) <] 0.84(0.72,0.98)  100.00 Overall (I-squared=59.5%, p=0.042)<3 0.90(0.80, 1.02) 100.00

163 1 613 m 1 367

Figure 6. Forest plots of Subgroup analysis. (A) ovarian cancer (PD-1 rs36084323 in homozygote model); (B) ovarian cancer (PD-1
rs36084323 in homozygote model).

A B
Study ID OR(95%Cl) % weight Study ID OR(95%Cl) 9% weight
E A —_ . .03, 2. .
Xie Q 2018) — 2289(530,9890) 5068 ChenY-B (2014) : 0.30(0.03,2.93) 9.73
Xie Q(2018) — 1.22(0.39,3.88) 16.23
LiQ(2016) —"‘:— 18.08 (2.34,139.51) 34.74 Zhou R-M (2017) — 1.27(0.63,2.55) 43.80
LiQ(2016) ——*— 1.61(0.29,9.03) 6.69
Cheng S (2017) e 57.16(3.08, 881.99) 14.58 !
1 MaY (2015) — 0.54(0.15,1.93) 20.46
Overall (I-squared=0.0%, p=0.829) @ 25.49 (8.49,76.48) 10.000 Cheng S (2017) — 3.88(0.43,35.33) 3.09
E Overall (I-squared=0.0%, p=0.542) > 1.12(0.70, 1.82) 100.00
T : T T : T
00113 882 .0283 1 353

Figure 7. Forest plots of meta-analysis. (A) PD-L1 rs17718883 in homozygote model; (B) PD-L1 rs2890658 in homozygote model.
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A
Study ID OR(95%Cl) % weight 5 Study ID OR(95%Cl) % weight
Wang W (2013) — 0.30(0.20,0.46)  18.93 WangW (2013)  &—— 0.27(0.17,042)  18.23
Tan D (2017) —'—0—— 0.78(0.46,1.32)  17.16 Tan D (2017) —'—*—— 0.43(0.23,0.79)  16.56
Xie Q (2018) —'—— 0.41(0.25,0.67)  17.51 Xie Q(2018) —'—— 0.32(0.18,0.56)  17.15
Zhou R-M (2017) 0.94(0.67,1.32)  20.08 Zhou R-M (2017) — 1.02(0.71,1.45)  19.29
LiQ (2016) —|—~—— 0.76 (0.34,1.72)  12.54 LiQ (2016) —v—~—— 1.03(0.44,239)  13.86
Cheng $ (2017) —~—— 0.46(0.22,0.95)  13.79 Cheng S (2017) ——— 0.71(0.34,1.50)  14.91
Overall (I-squared=76.0%, p: «i(l@) 0.56(0.36,0.86)  100.00 Overall (I-squared=382.0%, 0.54(0.31,0.92)  100.00
Note: Weights are from random effects énalysis Note: Weights are from random effects :Emalysis

201 ' 457 167 1 598

Figure 8. Forest plots of meta-analysis. (A) PD-L1 rs4143815 in heterozygote model; (B) PD-L1 rs4143815 in homozygote model.

A B

Study ID OR(95%Cl) % weight Study ID OR(95% CI) % weight

Non-small cell lung cancer Non-small cell lung cancer

ChenY-B (2014) e — 0.49(0.31,0.79) 21.34 ChenY-B (2014) ———— 0.48(0.29,0.79) 22.61

MaY (2015) —=— 0.66(0.50,0.88)  48.11 MaY (2015) — 0.64(0.47,0.87) 49.66

Subtotal (I-squared=>5.2%, pz@ 0.61(0.48,0.78)  69.45 Subtotal (I-squared=0.0%, p<U345) | 0.59(0.45,0.77) 72.77

Hepatocellular carcinoma Hepatocellular carcinoma :

Xie Q (2018) ——‘— 1.28(0.88,1.87) 19.84 Xie Q (2018) —+—— 1.36(0.88,2.08) 17.57

Cheng S (2017) { ————1.50(0.91,2.46) 10.71 Cheng S (2017) t————1.49(0.86,2.59) 10.15

Subtotal (I-squared=0.0%, p= 0629) S 1.36(1.01,1.83)  30.55 Subtotal (I-squared=0.0%, p= 0794) <  1.40(1.00,1.97) 27.73

Overall (I-squared=83.0%, p=0.001)<> 0.84(0.70,1.01) 100.00 Overall (I-squared=82.0%, p:0.00&:):> 0.82(0.66,1.00) 100.00
308 1 34 293 1 )

Figure 9. Forest plots of Subgroup analysis. (A) hepatocellular cancer (PD-L1 rs2890658 in allele model); (B) hepatocellular cancer
(PD-L1 rs2890658 in recessive model).
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Figure 10. Forest plots of Subgroup analysis. (A) PD-L1 rs4143815 in heterozygote model (B) PD-L1 rs4143815 in homozygote model.
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Table 5. Publication bias consequences.

Publication bias (Begg’s test)

Genotype
rs11568821 G>A 0.52 0.642 -0.24 1.000
rs17718883 GG 1.03 0.49 1.04 0.296
rs36094323 G>A -0.61 0.557 0.36 0.721
rs4143815 G -0.45 0.676 0.75 0.452
rs7421861 T>C -0.62 0.71 0.49 0.621
A B
Begg's funnel plot with pseudo 95% confidence limits Begg's funnel plot with pseudo 95% confidence limits
14 54
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Figure 11. Publication bias. (A) Begg’s funnel plot for PD-1 rs11568821 in allele model; (B) Begg’s funnel plot for PD-1 rs36094323 in
allele model.
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Figure 12. Publication bias. (A) Begg’s funnel plot for PD-L1 rs4143815; (B) Begg’s funnel plot for PD-1 rs7421861 in allele model.
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variants of PD-1 and PD-L1 and cancer susceptibility. Our re-
sults suggest that PD-1 rs36084323 and PD-L1 rs4143815 are
significantly associated with decreased cancer susceptibility,
while PD-1 rs7421861, rs11568821, and PD-L1 rs17718883
variants increase overall cancer susceptibility. We found that
there was no clear relationship between PD-1 rs2227981,
rs2227982, rs10204525, and PD-L1rs2890658 mutations and
cancer susceptibility.

Subgroup analysis showed that PD-1rs2227981 increased the
susceptibility to breast cancer. In addition, PD-1rs2227982 is as-
sociated with reduced susceptibility to breast cancer. However,
PD-1rs36084323 is associated with reduced susceptibility to
ovarian cancer. In addition, our results suggest that the PD-
L1rs4143815 mutation significantly reduces the susceptibility
to liver cancer. There was a negative correlation between PD-
L1rs2890658 and susceptibility to non-small cell lung cancer.

Recently, Hashemi et al [44] conducted a meta-analysis of 27
case-control studies to explore the relationship between PD-1
genes rs11568821, rs2227981, rs2227982, and rs7421861 and
tumor susceptibility. The results showed that the mutations of
PD-1rs2227981, rs11568821, rs7421861, and PD-L1rs4143815
were related to the overall susceptibility to cancer. However,
Hashemi et al did not include Chinese studies, nor did they rule
out low-quality studies based on NOS scores. Shan et al [10]
conducted a meta-analysis of 10 studies (9571 subjects) and
found that PD-1rs36084323 was associated with reduced sus-
ceptibility to cancer in Asians, which is consistent with our
findings. Compared with the meta-analysis of Shan et al, the
genetic polymorphism studied in this paper is more compre-
hensive and includes more recent research results. However,
a study by Zhou et al [14] showed that PD-L1rs4143815 is as-
sociated with increased susceptibility to cancer, which is dif-
ferent from our findings. This phenomenon may be because
Zhou Ju and others did not evaluate the quality of NOS stud-
ies or analyze the experiments that may be biased. Last but
not least, Dong Wenjing et al [12] conducted a meta-analysis
of 12 trials and confirmed that PD-1rs2227981 variation was
associated with a significant decrease in cancer susceptibili-
ty. Compared with Dong Wenjing and others, the research in-
cluded in our meta-analysis is newer and the scope of genet-
ic polymorphism is wider. In addition, we suspected that the
differences in the results of the study should be related to fa
tors such as inclusion criteria and race.
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Tumor immunotherapy targeting PD-1 and PD-L1 immune
checkpoint pathways has begun in the field of oncology. The
combination of anti-PD-1 and anti-cytotoxic T lymphocyte-as-
sociated protein 4 (CTLA-4) has produced an effective patho-
logical response rate in the treatment of breast and lung can-
cer [45]. At present, 3 PD-L1 inhibitors have been approved
for non-small cell lung cancer [46]. Aaron et al confirmed that
the effective rate of blocking PD-1 with nivolumab was more
than half in unselected patients with Hodgkin’s lymphoma [47].
Melanoma patients with other types of cancer showed the
best response [48]. Our meta-analysis includes more case and
control samples than previous studies, and we also included
Chinese studies. In addition, we evaluated the quality of NOS
research, including high-quality research and excluding low-
quality articles. Last but not least, in our study, 26 of the 27
trials were conducted in Asians and only 1 in Whites, which
could reduce the potential effects of different races on genet-
ic susceptibility. Therefore, our meta-analysis makes a more
convincing assessment than previous studies.

However, this study also has some limitations. First of all, the
small number of participants with the PD-L1rs1771883 poly-
morphism may have led to a lack of statistical ability to study
this relationship. Secondly, there is obvious heterogeneity in
several polymorphisms; therefore, we conducted a subgroup
analysis to find out the causes of heterogeneity. Finally, we in-
ferred that the type of cancer and the country of residence of
the participants may lead to heterogeneity. These mean that
our results should be interpreted carefully.

Conclusions

In conclusion, our results suggest that both PD-1 rs36084323
and PD-L1 rs4143815 variants decrease cancer predisposition,
while PD-1 rs7421861, rs11568821, and PD-L1 rs17718883
polymorphisms significantly increase the risk of cancer.
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