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Abstract

Aim: Several previous studies have evaluated the potential role of programmed cell death protein 1 (PD-1) expressed
by tumor-infiltrating lymphocytes (TILs) in various solid tumors and performed its prognosis role in patients’ survival
with inconsistent results. This study aims to further systematically evaluate the association of PD-1 by TlILs with
clinicopathological parameters and clinical outcomes in solid tumor patients.

Methods: A comprehensive search was conducted in PubMed, Embase, Web of Science, CNKI and Wanfang databases
for relevant studies. The potential prognostic and predictive roles of PD-1 were assessed by pooled hazard ratio (HR),
odds ratio (OR) and 95% confidence intervals (Cl). A total of 1863 patients were selected for in-depth analysis.

Results: The results demonstrated that PD-1 by TILs was correlated to overall survival for ovarian cancer (HR = 0.40,
95% Cl: 0.26-0.61, £ < 0.00001). Higher PD-1 expression was associated with lymph node metastasis (OR = 2.55,
95% Cl:1.22-5.29, £ = 0.01) and tumor grade (OR = 3.08, 95% Cl: 2.07-4.57, £ < 0.00001).

Conclusion: The prognostic role of PD-1by TlLs is variant in different tumor types, which highlights the role of PD-1 by
TILs as a potential predictive and prognostic biomarker and the development of strategies against the PD-L1/PD-1 axis
would be a promising therapeutic target for some solid tumors.
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INTRODUCTION

Programmed cell death protein 1 (PD-1), a member of the CD28 receptor family, is expressed by activated
lymphocytes and inhibits their proliferation functions after binding to PD-1 ligands such as PD-L1". The
interactions with PD-1/PD-L1 signaling has been shown to improve clinical outcome and restore functional
T-cell responses in several cancers®.

Although PD-1 has generated increasing interest as a target for immune modulation in cancers, the
prognostic values of PD-1 expressed by tumor-infiltrating lymphocytes (TILs) in solid tumors were still
unclear®. Several previous studies have reported the PD-1 by TILs is more than a predictive biomarker but
as a worse prognosis marker in multiple solid tumors such as gastric cancer™
(NSCLC)¥, renal cell cancer'® and nasopharyngeal cancer”. Another studies showed that PD-1 expression

is associated with favorable survival in breast cancer®, glioblastoma®, metastatic melanoma!

, non-small cell lung cancer

, ovarian
cancer and primary human papillomavirus-positive head and neck cancers"”. Furthermore, one study
displayed that the positive expression of PD-1 expression is not correlated with overall survival (OS) for
esophageal squamous cell carcinoma (ESCC)"™. The different of tissue samples, detection methods and
evaluation criterions might be partly responsible for the inconsistent results.

And with the development of PD-L1/PD-1 targeted therapy, some predictive and prognostic biomarkers
are crucial to be identified for the option of individualized anti-PD-1 targeted treatment™. Therefore, we
conducted this meta-analysis to comprehensively evaluate the prognostic value of PD-1 by TILs in solid
tumors, which will further facilitate the development of PD-L1/PD-1 immune check-point targeted therapy
and identify novel strategies targeting PD-1.

METHODS

Publication searching

The eligible studies published in PubMed, Embase, Web of Science, CNKI and Wanfang databases were
searched using the following keywords: “programmed cell death 1 receptor” or “PD-1” or “programmed
death 1”7 or “CD279 antigen” and “cancer” or “tumor” or “neoplasm” or “carcinoma” and “prognosis” or
“outcome” or “survival”. In addition, we also manually screened the reference lists derived from randomized
controlled trials and systematic review to avoid omitting related publications. The search language was
limited to English and Chinese.

Inclusion and exclusion criteria

Inclusion criteria for this meta-analysis are: (1) full text available; (2) study focus on the association of PD-1
with clinicopathological parameters and OS; (3) cohort study, cross-sectional study or case-control study;
(4) sufficient data or higher dots per inch of K-M survival curves. In addition, the exclusion criteria are
as follows: (1) cell or animal studies; (2) case reports or review; (3) conference abstracts or comments;
(4) repeated articles.

Data extraction and quality assessment

Two investigators (Liu RZ and Ku JW) independently extracted the data from the relevant studies. The
disagreements were resolved by consensus. The extracted data are as follows: first author name, publication
year, patient source, cancer type, number of patients, detection method, clinicopathological parameters,
effect size, hazard ratio (HR) and 95% confidence intervals (CI). The quality of eligible studies were assessed
through the Newcastle-Ottawa scale (NOS) method". Study with NOS scores above to 6 point were usually
considered to be higher quality.
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Table 1. Features of included studies

Authors Year Country Cancer type No. of PD-1(+) Clinicopathological Effect HR, NOS
patients patients parameters size 95% Cl score
Badoual et a/."* 2013 France HNSCC 64 31/33(++/+) NR 0s Yes 7
Feng et a/™ 2016  China ESCC 88 45 B,C,D,EG 0s Yes 6
Zheng et a/."** 2016 China NSCLC 42 15/27(++/+) B, H, I oS NR 7
Shen et a/.** 2017 China Pancreatic cancer 94 47/47(++/+) A,B,C,D,E G oS Yes 7
Harter et a/.*" 2015  Germany NSCLC 62 18/44(++/+) NR 0sS NR 6
Webb et a/** 2015 Canada  Ovarian cancer 195 75 NR 0S Yes 6
Duchnowska et a/””! 2016  Poland Breast cancer 84 17 NR oS Yes 6
Chenet a/*® 2016  China ESCC 349 117 A,B,C,D,EF 0s Yes 7
Muenst et a/.*"’ 2013 USA Breast cancer 660 104 C,D,EG 0s Yes 6
Sunetal”” 2015 China ESCC 225 69 A, B, C, D oS Yes 6

HNSCC: head and neck squamous cell carcinoma; NSCLC: non-small cell lung cancer; ESCC: esophageal squamous cell carcinoma; NR:
not reported; A: age; B: gender; C: tumor invasion depth; D: lymph node metastasis; E: tumor stage; F: tumor location; G: tumor grade; H:
histology type; I: treatment method; OS: overall survival; HR: hazard ratios; Cl: confidence interval; NOS: Newcastle-Ottawa scale

Statistical analysis

All statistical analysis were conducted using the RevMan5.2 and STATA version 12.0 (STATA Corporation,
College Station, TX, USA). HR and 95% CI were combined to assess the survival impact of PD-1 in solid
tumors. For studies that offered only Kaplan-Meier curves, Engauge Digitizer (version 4.1) was performed
to extract the survival data and calculate the estimated HRs and 95% CIs according to Tierney’s method™.
Additionally, pooled odds ratio (OR) and 95% CI were used to determine the association of PD-1 and
clinicopathological features.

Heterogeneity is assessed using Cochrane’s Q test and I’ measurement (no heterogeneity, I’ = 0%-25%; low
heterogeneity, 25%-50%; moderate heterogeneity, 50%-75%; high heterogeneity, 75%-100%)"". P < 0.1 or I > 50%
indicate a significant heterogeneity. Random effects model was initially applied to combine the estimates
of effect"”. Otherwise, a fixed effects model was utilized™. Sensitivity analysis was used to illustrate any
significant heterogeneity among studies. Begg’s® and Egger’s test™ were deemed to explain publication bias
with P value of less than 0.05.

RESULTS

Characteristics of included studies

A total of 701 studies were identified by electronic search and 388 studies were excluded because of
duplication. After reading the titles and abstracts, 221 studies were excluded and 92 possible full text studies
were carefully reviewed. Finally, 10 manuscripts containing 12 retrospective cohort studies were included for
quantitative analysis in the meta-analysis [Figure 1]. The patients were diagnosed with various solid cancers
including: ESCC, NSCLC, hepatocellular carcinoma, pancreatic cancer, breast cancer and ovarian cancer.
The features of included studies were presented in Table 1.

To detect the expression of PD-1 by TILs, all studies used immunohistochemistry, except for 2 studies?>?,
which used quantitative immunofluorescence, but the proportion of PD-1 expression was consistent with
the others in that study. The detailed methodologies used to detect PD-1 are summarized in Table 2.
Furthermore, 2 cohorts of patients were reported by Harter et al.”* and Webb et al.””), respectively. PD-1
by TILs was assessed and the survival curves were reported independently, so they have been statistically
analyzed as 4 individual studies.

PD-1 by TILs and overall analysis
A total of 12 studies with 1863 patients were enrolled in survival analysis. Seven studies with data on PD-1
positive expression and OS in solid tumors. There are 2 studies provided OS for breast cancer (2 cohort
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Records identified through PubMed, Embase,
Web of science, Wanfang and CNKI databases

(n=701)
Records after duplicates removed Records excluded (7 = 221):
(n=313)
No abstract (47)
Review (46)
Records screened by title and abstracts Case report (57)
(n=313) Conference (67)
Letter (4)
Full texts assessed Full texts excluded (n = 82):
- o ength article
(n=92) No full length article (4)

No solid tumor (11)

Not about PD-1 (32)
Studies included in quantitative synthesis

(n=10) Basic research (7)

Animal study (10)

No survival data (12)

Studies included in meta-analysis
(n=10)

No PD-1 OS (6)

Figure 1. Flow diagram for selection of studies. PD-1: programmed cell death protein 1; OS: overall survival

Table 2. Evaluation of human PD-1 by immunohistochemistry

Authors Detection method  Antibody clone Antibody dilution  Antibody source Cutoff value
Badoual et a/.""”! IHC CT-0Mm 1:100 CureTech LTD NR

Feng et a/."™ IHC NR NR NR NR

Zheng et a/."? IFC NR NR BioLegend >12.27% of cells
Shen et a/.*” IFC AB52587 1:200 Abcam NR

Harter et /"% IHC NAT-105 1.50 Abcam Total score > 1°
Webb et a/."* HC NAT-105 1:200 Biocare Medical NR
Duchnowska et a/.%” IHC NBP1-88104 1100 Novus Total score > 1°
Chen et a/*® IHC NAT105 1100 Abcam Total score > 1°
Muenst et a/.”% IHC MRQ-22 1:50 Rocklin NR

Sun et al®” IHC MRQ-22 1:100 Abcam Total score > 1°

“All samples were scored according to the frequency of positive cells related to all cells (as percentage) on the stained TMA core:
frequency 0-1% score 0; 1%-10% score 1; 10%-25% score 2; 25%-50% score 3; > 50% score 4; additionally we multiplied the frequency
score with the intensity of staining (1 weak staining, 2 moderate staining, 3 strong staining). *Total score was calculated by adding a score
of staining percentage to another score of staining intensity. The area of staining was scored as 0 (no tumor cells stained), 1 (< 25% of
cells stained), 2 (> 25% of cells stained). Staining intensity was graded as O (no staining), 1 (weak staining), 2 (moderate staining), 3
(strong staining). PD-1: programmed cell death protein 1; IHC: immunohistochemistry; IFC: immunofluorescence; NR: not reported

studies in the same one paper), 3 studies for ESCC and 2 studies for ovarian cancer. A random effect model
was used to calculate the pooled HR and 95% CI due to the high heterogeneity (P < 0.0001, I’ = 83%). The results
showed that PD-1 expression was not associated with patients OS (HR = 0.86, 95% CI: 0.56-1.31, P = 0.47)
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A Hazard Ratio Hazard Ratio
r I log[Hazard Rati E Weight V. Random, 95% Cl 1V, Random, 95% Cl

Chen KY 2016 0.04879016 0.13406423 17.9% 1.05[0.81, 1.37] T
Duchnowska R 2016 -1.2039728 0.49640565 9.6% 0.30[0.11, 0.79] -
Feng Z 2016 0.00995033 0.27582157 14.7% 1.01[0.59, 1.73] -
Muenst S 2013 0.42526774 0.18271502 16.9% 1.53[1.07, 2.19] -
Sun L 2015 0.36464311 0.18182542 16.9% 1.44 [1.01, 2.06] il
Webb JR 2015 -1.02165125 0.23151966 15.8% 0.36 [0.23, 0.57] -
Webb JR 2015(1) -0.27443685 0.56833203 8.3% 0.76 [0.25, 2.32] - 1
Total (95% CI) 100.0% 0.86 [0.56, 1.31] ﬁ

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Heterogeneity: Tau® = 0.24; Chi* = 35.14, df = 6 (P < 0.00001); I*=83%
Test for overall effect: Z=0.72 (P= 0.47)

B Hazard Ratio Hazard Ratio
idy o bgrour azard Ratio eigh Random, 95% Random, 95% CI

Badoual-2013 -2.04022083 0.89580241 14.4% 0.13[0.02, 0.75] - =
Harter PN 2015 -0.49429632 0.54233713 20.2% 0.61[0.21, 1.77] - "1
Harter PN 2015(1) -0.12783337 0.26854658 24.5% 0.88 [0.52, 1.49] -
Shen T 2017 1.79209275 0.50100047 20.9% 6.00 [2.25, 16.02] -
Zheng H 2016 0.70803579 0.55758182 19.9% 2.03[0.68, 6.05] I
Total (95% CI) 100.0% 1.10 [0.41, 2.95] ,

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Heterogeneity: Tau? = 0.97; Chi? = 20.20, df = 4 (P = 0.0005); I*= 80%
Test for overall effect: Z = 0.18 (P = 0.86)

Figure 2. Forest plots of PD-1 expression and OS in solid tumor patients. The squares and horizontal lines correspond to the study-specific
HR and 95% Cl. The area of the square reflects the study-specific weight. The diamonds represents the pooled OR and 95% CI. The solid
vertical line is at the null value (HR = 1). The associations between positive or negative expression of PD-1 (A) and strong or moderate
positive expression of PD-1(B) with OS are shown. PD-1: programmed cell death protein 1; OS: overall survival; HR: hazard ratio; OR: odds
ratio; Cl: confidence interval

[Figure 2A]. Another 5 studies provided data on PD-1 high or low expression and OS. There are 2 studies
provided OS for NSCLC, 1 study for head and neck squamous cell carcinoma, 1 study for pancreatic cancer
and 1 study for melanoma. The pooled HR was 1.10 (95% CI: 0.41-2.95, P = 0.65) in solid tumor patients with
high heterogeneity (I” = 80%, P = 0.0005) [Figure 2B].

PD-1 by TILs and subgroup analysis

We also conducted subgroup meta-analysis to explore the possible source of heterogeneity. In the subgroup
analysis stratified by patients source, pooled HR estimate for OS was 1.15 (95% CI: 0.94-1.40, P = 0.16) for
Asian patients with low heterogeneity (I’ = 10%, P = 0.33) [Figure 3A], and 0.61 (95% CI: 0.24-1.56, P = 0.30) for
non-Asian patients with high heterogeneity (I = 89%, P < 0.0001) [Figure 3B]. In the stratified analysis by cancer
type, there are 2 studies provided OS for breast cancer, 3 studies for ESCC and 2 studies for ovarian cancer. There
was no significant association between PD-1 expression and patients OS of breast cancer (HR = 0.72, 95% CI:
0.15-3.55, P = 0.69) [Figure 4A] and ESCC (HR = 1.15, 95% CI: 0.94-1.40, P = 0.16) [Figure 4B]. With no significant
heterogeneity (P = 0.22, I’ = 33%), a fixed-eftects model was conducted to evaluate their relationship for ovarian
cancer. The results found that PD-1 expression was statistically significantly associated with patients OS (HR
= 0.40, 95% CI: 0.26-0.61, P < 0.00001) [Figure 4C].

PD-1 by TILs and clinicopathological parameters

The average positive expression rates of PD-1 by TILs were 31.35% in all of the studies. There were the
higher PD-1 overexpression in NSCLC, ESCC and pancreatic cancer, with accounting for 35.71%, 61.23%
and 50.01%, respectively. And PD-1 expression levels in melanoma, breast cancer and ovarian cancer ranged
from 8.59% to 22.97%.

Four studies including 1209 tissue samples investigated the association of PD-1 overexpression with status
of lymph node. With significant heterogeneity (P = 0.0008, I’ = 82%), a random-effects model showed a
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A Hazard Ratio Hazard Ratio
r r log[Hazard Rati E Weight IV, Fix % Cl IV, Fixed, 95% CI
Chen KY 2016 0.04879016 0.13406423 56.2% 1.05[0.81, 1.37]
Feng Z 2016 0.00995033 0.27582157 13.3% 1.01[0.59, 1.73]
SunL 2015 0.36464311 0.18182542 30.5% 1.44[1.01, 2.06]
Total (95% Cl) 100.0% 1.15[0.94, 1.40]

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Heterogeneity: Chi?=2.21, df =2 (P=0.33);, F=10%
Test for overall effect: Z=1.39 (P=0.16)

B Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random. 95% ClI IV, Random, 95% CI
Duchnowska R 2016 -1.203973 0.4964057 22.6% 0.30[0.11, 0.79] -

Muenst S 2013 0.4252677 0.182715 28.6% 1.563[1.07, 2.19] i
Webb JR 2015 -1.021651 0.2315197 27.9% 0.36 [0.23, 0.57] =
Webb JR 2015(1) -0.274437 0.568332 21.0% 0.76 [0.25, 2.32]

Total (95% CI) 100.0% 0.61 [0.24, 1.56]

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Heterogeneity: Tau? = 0.77; Chi? = 28.40, df = 3 (P < 0.00001); 2= 89%
Test for overall effect: Z = 1.03 (P = 0.30)

Figure 3. Forest plots for subgroup meta-analysis by patient source. The relationships between PD-1 overexpression and OS in Asia
patients (A) and in non-Asia patients (B) are shown. PD-1: programmed cell death protein 1; OS: overall survival; Cl: confidence interval

A Hazard Ratio Hazard Ratio
r I log[Hazard Rati E Weight IV, Random, 95% CI IV, Ran
Duchnowska R 2016 -1.2039728 0.49640565 46.0% 0.30[0.11, 0.79] —i—
Muenst S 2013 0.42526774 0.18271502 54.0% 1.53[1.07, 2.19]

Total (95% CI) 100.0% 0.72 [0.15, 3.55]
Heterogeneity: Tau? = 1.19; Chi* = 9.49, df = 1 (P=0.002); 2= 89%
Test for overall effect: Z=0.40 (P=0.69)

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

B Hazard Ratio Hazard Ratio

0, 0,

1.05[0.81, 1.37]

Chen KY 2016 0.04879016 0.13406423

Feng Z 2016 0.00995033 0.27582157 13.3%  1.01[0.59, 1.73]
sun L 2015 0.36464311 0.18182542 30.5%  1.44[1.01, 2.06]
Total (95% CI) 100.0% 1.15 [0.94, 1.40]

001 0.1 1 10 100
Favours [experimental] Favours [control]

Heterogeneity: Chiz = 2.21, df =2 (P=0.33); 2P=10%
Test for overall effect: 2= 1.39 (P=0.16)

C Hazard Ratio Hazard Ratio
i i i P ixed, 95% CI
Webb JR 2015 -1.02165125 0.23151966 85.8%  0.36[0.23, 0.57]
Webb JR 2015(1) -0.27443685 0.56833203 14.2%  0.76[0.25, 2.32] T
Total (95% CI) 100.0%  0.40 [0.26, 0.61] L 2

Heterogeneity: Chi* = 1.48, df = 1 (P =0.22); £ =33%

Test for overall effect: Z=4.27 (P < 0.0001) 0.01 01 ! 10 100

Favours [experimental] Favours [control]

Figure 4. Forest plots for subgroup meta-analysis stratified by cancer type. The relationships between PD-1 expression and OS in breast
cancer (A), ESCC (B) and ovarian cancer (C) are shown. PD-1: programmed cell death protein 1, OS: overall survival; ESCC: esophageal
squamous cell carcinoma; Cl: confidence interval

significant difference between lymph node metastasis group (35.0%) and lymph node non-metastasis group
(21.4%) (OR = 2.55, 95% CI: 1.22-2.59, P = 0.01) [Figure 5A]; 3 studies reported the relationship of PD-1
overexpression with tumor grade. With no significant heterogeneity (P = 0.92, I’ = 0%), a fixed-effects model
was used in the study. The results revealed a significant difference between 274 grade 3/4 tissues (28.1%) and
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A N1 NO Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Chen KY 2016 69 202 48 147 28.4% 1.07 [0.68, 1.68]
Feng Z 2016 27 40 18 48 21.8% 3.46 [1.43, 8.37] =
Muenst S 2013 74 299 30 360 28.3% 3.62[2.29, 5.71] -
Sun L 2015 34 42 38 71 21.5% 3.69 [1.50, 9.08] l
Total (95% CI) 583 626 100.0% 2.55[1.22, 5.29] -
Total events 204 134
[ 2 — . Chi2 = - = . p =890 I } 1 t i
Heterogeneity: Tau? = 0.44; Chi? = 16.65, df = 3 (P = 0.0008); |2 = 82% 0.01 01 1 10 100

Test for overall effect: Z = 2.50 (P = 0.01)

Favours [experimental] Favours [control]

B mav m Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% ClI M-H, Fixed, 95% CI
Feng Z 2016 11 14 34 71 8.8% 3.99[1.03, 15.53]
Muenst S 2013 63 252 41 408 85.7% 2.98 [1.94, 4.59] .
Webb JR 2015 3 8 19 117 5.5% 3.09 [0.68, 14.06]
Total (95% CI) 274 596 100.0% 3.08 [2.07, 4.57] .
Total events 77 94
YR iz = = = CR=00 t t t |
Heterogeneity: Chiz=0.16, df =2 (P =0.92); 2= 0% 0.01 01 1 10 100

Test for overall effect: Z = 5.56 (P < 0.00001) Favours [experimental] Favours [control]

Figure 5. Forest plots of PD-1 expression and the clinical pathological parameters of patients with solid tumors. The squares and
horizontal lines correspond to the study-specific OR and 95% Cl. The area of the square reflects the study-specific weight. The diamonds
represents the pooled OR and 95% Cl. The solid vertical line is at the null value (OR = 1). The associations of PD-1 expression with lymph
node status (A) and tumor grade (B) are shown. PD-1: programmed cell death protein 1; OR: odds ratio; Cl: confidence interval

Table 3. Associations of PD-1 expression and clinical features

Variables No. of study OR (95% CI) Z,P (OR) Heterogeneity Publication bias Pooling model
(/*, P bias) (Egger test) (¢, P)

Age (years): <65 vs. > 65 2 1.20 (0.48-3.02) 0.39,0.70 73%, 0.06 - Random

Gender: male vs. female 3 0.96 (0.78-1.18) 0.36,0.72 0%, 0.81 0.42,0.748 Fixed

T.T3/T4vs. T1/T2 4 117 (0.61-2.24) 0.48,0.64 91%, 0.000 0.57,0.627 Random

Lymph node metastasis: 4 2.55(1.22-2.59) 2.05, 0.01* 82%, 0.0008 1.09, 0.389 Random

yes vs. no

Tumor grade: 3/4 vs. 1/2 3 3.08 (2.07-4.57) 5.56,<0.0001* 0%, 0.92 0.12,0.923 Fixed

TNM stage: III/IV vs. 1/11 4 1.04 (0.71-1.54) 0.21,0.84 0%, 0.93 3.38,0.077 Fixed

*Statistical significance. PD-1: programmed cell death protein 1; OR: odds ratio; Cl: confidence interval

596 grade 1/2 tissues (15.8%) (OR = 3.08, 95% CI: 2.07-4.57, P < 0.00001) [Figure 5B]. We did not find the
significant association of PD-1 with age, TNM stage or tumor invasion depth in solid tumor [Table 3].

Publication bias

Begg’s and Egger’s test were applied to evaluate the publication bias of the included studies. No obvious
asymmetry was presented through the visual assessment of the Begg’s funnel plots [Figure 6]. Furthermore,
the formal evaluation of Egger’s test also failed to find the significant bias (P = 0.723).

Sensitivity analysis

Sensitivity analysis was conducted to justify the influence of individual study on the synthetic results of
OS. The pooled HR was not significantly influenced after omitting any singly study for the effect of PD-1
expression on OS in our study [Figure 7].

DISCUSSION
PD-1, as one of the co-inhibitory receptors, plays an important role in cancer immunity equilibrium and
immunity escape stages”®. In the present study, we comprehensively assessed the association of PD-1
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 6. Begg's funnel plot for publication bias analysis. HR: hazard ratio
Meta-analysis estimates, given named study is omitted
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Badoual C 2013 | sy |
Harter PN 2015 | © |
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Figure 7. Sensitivity analysis of the meta-analysis. Cl: confidence interval

expressed by TILs with OS in solid tumor and revealed that the prognostic role of PD-1 by TILs is variant in
different solid tumor types. This study included 10 eligible publications with 12 cohort studies and a total of
1863 patients. To the best of our knowledge, this is the first systematic assessment of the association of PD-1
by TILs with OS in solid tumor.

With respect to the tumor type, when we performed the subgroup meta-analysis stratified by tumor types,
ovarian cancer was correlated with better survival for patients with high PD-1 levels rather than other
solid tumor. Although PD-1 by TILs was not associated with OS for all of included studies in the meta-
analysis">******l. However, the results of studies using different clone to PD-1 antibodies were controversy
in breast cancer””” [Supplementary Figure 1] in our meta-analysis. One recent study reported the opposite
results using variant PD-L1 antibodies in melanoma and lung cancer. The difference of antibody clones,
limited specificity, or distinct IHC protocols used may be partly explain the contradictory results®. Further
studies are urgent to clarify the impact of antibodies on the results of studies.
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Another important finding in the present study is that patients with lymph node metastasis and tumor
grade 3/4 have higher PD-1 by TILs than patients with non-lymph node metastasis and 1/2 tumor grade.
It is known that tumor grade and lymph node metastasis are usually major barriers to cancer treatment.
And patients developed lymph node metastasis and tumor grade 3/4 have lower survival rates. To a certain
extent, PD-1 by TILs may be contributed to the immunosuppression to aggravate the tumor growth and
carcinogenesis, and further negatively affecting patients’ survival. One study in clinical trials showed that
PD-1-positive tumors tend to be more responsive to anti-PD-1 or anti-PD-L1 therapies™. It is reasonable to
suggest that patients with lymph node metastasis and tumor grade 3/4 seem to be more sensitive to anti-PD-1
or anti-PD-L1 antibodies-based therapies.

Besides, PD-L1 expression state is another key point of PD-1/PD-L1-mediated tumor immune escape. In
tumor tissues, PD-1 was mainly expressed by TILs, and PD-L1 was detected by both tumor cells and TILs"?.
PD-1 by TILs was significantly correlated with PD-L1 expressed by tumor cells®**!. Furthermore, the
findings that PD-Li-positive TILs in cancer provides a suitable microenvironment for the development of
tumor growth and treatment resistance, which was known to be mediated by the induction of activated IL-6
signaling®®*”. Although immunotherapy using recombinant antibodies and vaccines, such as the therapies
targeting PD-L1/PD-1, have been linked with prognosis and treatment response for a few solid tumors
including a number of GI malignancies®®*, the expression of PD-L1 by CIK cells, TILs, and tumor cells
within the tumor microenvironment remains to be elucidated.

Although the quality assessment of included studies is higher, there are still some limitations in the study.
First of all, the quality of included studies is with selection bias due to the deletion of some unqualified
literatures. Secondly, the screening of language is only English and Chinese and could not represent the
whole population. Thirdly, the research objects are mainly cancerous tissues and the potential role of PD-1
in blood specimen remains unclear. Finally, the sample size in some of studies is small and further studies
with larger sample size are still needed.

In conclusion, this meta-analysis demonstrates that PD-1 expressed by TILs is associated with lymph node metastasis
and tumor grade in solid tumor. And more importantly, the prognostic role of PD-1 is variant in different solid
tumors, which assumed that PD-1 by TILs seems to be a potential predictive biomarker and the development of
strategies against the PD-L1/PD-1 axis would be a promising therapeutic target for some solid tumors.
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