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Background: The prognostic value of programmed cell death ligand 1 (PD-L1)
expression and tumor-infiltrating lymphocytes (TILs) in high-grade serous
ovarian cancer (HGSOC) remains a controversial topic in the research field. To
comprehensively assess the importance of PD-L1 and TILs in this particular
subtype of ovarian cancer, we performed a meta-analysis.

Methods: We conducted a comprehensive search of PubMed, Embase, Scopus, Web
of Science, and Cochrane Library databases up to December 25, 2022. The
association between PD-L1, TILs, and survival outcomes was evaluated using the
combined hazard ratios (HRs) and their corresponding 95% confidence intervals (Cls).

Results: This meta-analysis comprised 11 trials involving a total of 1746 cases.
The results revealed no significant association between PD-L1 expression in
tumor cells (TCs) and overall survival (OS, HR = 0.76, 95% Cl: 0.52-1.09, p =
0.136) or progression-free survival (PFS, HR = 0.71, 95% Cl: 0.4 -1.24, p = 0.230).
Nevertheless, a correlation was observed between PD-L1 expression in immune
cells (ICs) and OS (HR = 0.73, 95% Cl: 0.55-0.97, p = 0.031). Furthermore, the
presence of CD8* and PD-1" TILs was found to significantly enhance OS (HR =
0.70,95% Cl = 0.55-0.87, p = 0.002; HR = 0.57, 95% CI| = 0.40-0.80, p = 0.001,
respectively) and PFS (HR = 0.62, 95% Cl = 0.41-0.92, p = 0.019; HR = 0.52, 95%
Cl = 0.35-0.78, p = 0.002, respectively), whereas the presence of CD3"* and
CD4™ TILs was positively associated with OS (HR = 0.50, 95% Cl = 0.29-0.87, p =
0.014; HR = 0.55, 95% Cl = 0.34-0.91, p = 0.020, respectively).

Conclusion: This study indicates a positive correlation between ICs-derived PD-
L1 and survival, while no significant correlation was observed between TCs-
derived PD-L1 and prognosis. These results highlight the importance of studying
PD-L1 expression in ICs as a prognostic predictor. In addition, the presence of

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1234894/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1234894/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1234894/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1234894/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1234894/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1234894/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2023.1234894&domain=pdf&date_stamp=2023-08-15
mailto:beandeng@ncu.edu.cn
https://doi.org/10.3389/fimmu.2023.1234894
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2023.1234894
https://www.frontiersin.org/journals/immunology

Wang et al.

10.3389/fimmu.2023.1234894

TILs was found to significantly improve patient survival, suggesting that TILs may
be a valuable prognostic biomarker.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier

CRD42022366411.
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1 Introduction

High-grade serous ovarian cancer (HGSOC) accounts for up to
85% of ovarian cancer and represents the most aggressive histologic
type (1). Due to the lack of specific signs and reliable screening
tools, this tumor is often diagnosed at an advanced stage (FIGO
stage III-IV) with an unacceptable five-year survival rate. Despite
surgery and platinum-based chemotherapy regimens, more than
70% of patients develop recurrence, metastasis, and drug resistance
(2). The establishment of prognostic factors is crucial in
determining the clinical management and treatment strategies for
HGSOC. It has been proposed that chemotherapy sensitivity, tumor
stage, and cytoreductive surgery are associated with the prognosis of
HGSOC (3), but these factors still lack considerable accuracy and
specificity in predicting the survival of individual patients.
Therefore, there is an urgent need to unveil more novel and
reliable biomarkers to guide the tailored treatment and predict
survival outcomes of HGSOC patients.

Cancer research has been long hampered by the variation of
intrinsic tumor factors. With the development of genomic and
molecular techniques, accumulating evidence provides more insights
into the central role of the tumor microenvironment (TME). Tumor-
infiltrating lymphocytes (TILs), an important component of the TME,
exert bidirectional effects on the antitumor immune response. TILs
represent a heterogeneous population of T cells, generally localized in
the tumor stroma or epithelium, and are capable of recognizing tumor
antigens and killing malignant cells (4, 5). Unfortunately, cancer cells
can skillfully utilize multiple pathways to create an immunosuppressive
microenvironment and evade anti-tumor immune responses. The
programmed death ligand 1 (PD-L1)/programmed cell death-1 (PD-
1) axis is considered a crucial pathway for this. PD-1, belonging to the
CD28 receptor family, is prominently found in activated TILs and
possesses the capability to impede T cell proliferation and cytokine
secretion, thereby culminating in T cell exhaustion (6). PD-L1, the
main ligand of PD-1, belongs to the B7 family and is mainly expressed
in tumor cells (TCs) and immune cells (ICs), but the regulatory
mechanisms of the two are different (Figure 1) (7). In TCs, PD-L1
expression is primarily governed by tumor intrinsic mechanisms (8-
10), while in ICs, it depends on an adaptive immune mechanism (11).
The upregulation of PD-L1 leads to its specific binding to PD-1 on the
surface of T cells, thereby inhibiting the function of local effector T cells
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and enabling TCs to successfully evade immune surveillance (12, 13).
In recent years, PD-L1 blockade therapies have shown unprecedented
efficacy against a variety of tumors. There is growing evidence that TILs
and PD-L1 are strongly associated with the prognosis of cancer
patients, including breast cancer, non-small cell lung cancer,
colorectal cancer, and melanoma (14-17). However, studies on the
prognostic impact of TILs and PD-L1 on HGSOC are scarce and often
contradictory (18-20).

Our objective was to evaluate the potential prognostic
significance of PD-L1 and TILs in HGSOC by conducting a
thorough analysis of all scientific studies that met our eligibility
criteria. It is worth highlighting that recent research indicates that
the expression of PD-L1 in ICs is directly associated with the
response of patients with solid tumors to PD-LI targeting
antibody MPDL3280A, whereas such a correlation is not
observed in TCs (21). Consequently, we examined the prognostic
value of PD-LI in two distinct expression patterns, specifically TCs
and ICs. In contrast to previous meta-analyses (22, 23), our focus
was solely on HGSOC, as it exhibits a more prevalent immune
infiltration phenomenon and distinctive immunological features
when compared to other histological subtypes (24). In addition, the
interactions between PD-L1, TILs, and survival appears to be found
only in HGSOC (25), suggesting the possibility that patients with
this subtype may benefit more from immunotherapy. To our
knowledge, this is the first meta-analysis to comprehensively
explore the relationship between TILs, PD-LI, and prognosis in
patients with HGSOC.

2 Materials and methods
2.1 Protocol and eligibility criteria

This systematic review and meta-analysis has been registered in
PROSPERO (CRD42022366411) and its reporting adheres to the
guidelines outlined in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement (26)
(Supplementary Table 1).

The selection of studies was based on the following criteria: (1)
patients were diagnosed with primary HGSOC by histopathology;
(2) the immunohistochemistry technique was employed to
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General mechanisms of PD-L1 expression on tumor cells (TCs) and immune cells (ICs). (A) In certain types of cancer, continuous activation of the
oncogenic signaling cascades may lead to overexpression of PD-L1 on the surface of TCs, thereby inhibiting the recognition and elimination of TCs
by cytotoxic T lymphocytes, regardless of the inflammatory signaling status in the tumor microenvironment. (B) In certain types of cancer, the
expression of PD-L1 was observed on both TCs and ICs, which is induced by inflammatory signaling generated in response to a robust antitumor
immune response, representing an adaptive immune response mechanism. IFN-y, interferon-y; MHC, major histocompatibility complex; TCR, T-cell

receptor.

determine the levels of PD-L1 expression and the density of TILs in
HGSOG; (3) studies assessed the correlation among PD-LI, TILs,
and survival outcomes, including overall survival (OS), progression-
free survival (PFS), disease-free survival (DFS), and disease-specific
survival (DSS); (4) articles were published in English. Conversely,
we excluded studies that met the following requirements: (1)
duplicate publications; (2) studies that had inadequate data to
calculate Hazard Ratios (HRs) and 95% confidence intervals
(CIs); (3) reviews, annals, conference abstracts, or letters.

2.2 Information sources and search criteria

We searched five databases: PubMed, Web of Science, Embase,
the Cochrane Library and Scopus. There were no constraints on
time, gender, or age. This review’s coverage dates began with the
creation of each database and ended on December 25, 2022. The
keywords were searched as follows: (“PD-L1” OR “B7-H1” OR
“CD274” OR “programmed death ligand 1” OR “programmed cell
death ligand 17 OR “PD L1 Protein” OR “B7-HI antigen” OR
“CD274 antigen”) AND (“Ovarian Neoplasms” OR “Ovarian
Cancer” OR “Ovary Neoplasm” OR “Ovary Cancers” OR “Cancer
of Ovary”) AND (“Tumor-Infiltrating Lymphocytes” OR “Tumor
Infiltrating Lymphocyte” OR “Tumor-Derived Activated Cells” OR
“Tumor Derived Activated Cells” OR “TILs”) (Supplementary
Table 2). Moreover, we reviewed the reference lists of the studies
ultimately included to identify potential studies.
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2.3 Study selection

We imported the retrieved studies into EndNote (version X9)
and removed duplicates. Two researchers (LZ and WC)
independently reviewed the title and abstract of each study, after
excluding unrelated studies, two more researchers (QMX and JYZ)
independently reviewed the full text of the remaining studies
according to the same criteria, and a third researcher (YMW)
ruled on any differing points of view.

2.4 Data collection process and data items

We pre-prepared and tested a standardized form for data
extraction. Two investigators (QMX and JYZ) independently
extracted the first author’s name, year of publication, country,
sample size, age, method of assessing PD-L1 and TILs, cut-off
values, location of PD-L1 and TILs, TILs subtypes, median follow-
up, and survival outcomes from each study. Any disagreements that
arose were discussed and a consensus was reached.

2.5 Quality assessment

YMW and WC conducted a rigorous quality evaluation of each
included study through the implementation of the Newcastle-
Ottawa Scale (NOS) assessment tool (27). Specifically, the
assessment focused on three critical dimensions, namely selection
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(0-4 points), comparability (0-2 points), and outcome (0-3 points),
resulting in the assignment of a predetermined number of stars (=6
stars were deemed high quality). If any disputes arise, a third
reviewer, SYX, will be consulted to settle the matter.

2.6 Statistical analysis

We assessed the prognostic impacts of PD-L1 expression and
TILs on HGSOC by pooling the HRs and 95% ClIs of all included
studies. The Cochrane Q test ()* test) and the I? statistic were used
to determine whether there was heterogeneity among studies. I* >
50% and p < 0.05 were considered to be heterogeneous and the
combined effect was calculated using a random-effects model
(REM); otherwise, a fixed-effects model was used (FEM).

The publication bias was assessed using Egger’s linear
regression test (28) and Begg’s funnel plot (29). The method of
leave-one-out was employed to assess the sensitivity analysis of the
results. We used STATA version 12.0 (Stata Corp LP, Texas, USA)
for all the statistical analyses described above. The statistical
significance level was set at a two-sided p value of 0.05.

10.3389/fimmu.2023.1234894

3 Results
3.1 Literature search

Our team retrieved a total of 828 records from five different
databases. Upon further examination, 297 duplicate records were
excluded from our analysis. The remaining 531 studies were
screened based on their titles and abstracts, and 490 were deemed
irrelevant and removed from our investigation. After conducting a
full analysis of the remaining 41 studies, 11 were deemed suitable
for inclusion in our quantitative and qualitative analyses. A detailed
overview of the search process, including the specific reasons for
study exclusion, can be found in Figure 2.

3.2 Study characteristics

Table 1 contains a comprehensive overview of the 11 studies
that were included. Collectively, these studies encapsulate a patient

Scopus=218

Records identified through database searching:
PubMed =54

Web of Science =155
Embase=384
Cochrane Library=17
Total, (n =828)

v

removed
(n=531)

Records after duplicates

'

(n=531)
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Records excluded by title

\4

and/or abstract

v

(n =490)

(n=41)

Full-text articles assessed
for eligibility

Full-text articles excluded,

with reasons (n =30)
-Not about HGSOC or PD-

] [Eligibili] [ Screening ] [ Identification ]

v

L1(n=11)

Studies included in
qualitative synthesis

-Incomplete data (n =10)
-No IHC method(n=2)
-Not in English (n= 1)
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Lol (1’1 =11 )
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FIGURE 2
Flowchart of the study selection process.

Frontiers in Immunology

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1234894
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

ABojounwiwi| Ul s1213U044

S0

640°UISIoNUOY

TABLE 1 Basic characteristics of included studies.

Age . . . Median
Author/ Countr Number of Mgedian Detection Cut-Off value of Cut-Off value of = Location Location  TILs follow-u Outcome
Year Y patients method PD-L1 Positive TILs Positive of PD-L1 of TILs subtype P
(range) (m)
density for each
Chen 2020 USA 100 53 (37-72) IHC TPS>1%; CPS>1 arker TC IT CD8 NR 08, PES 7
Darb-Esfahani - o any 215 60 IHC IRS>0 density for each TC IT PD-1, CD3 NR 0, PFS 6
2016 marker
Heni
zoezrz)nkse“ Denmark | 283 63 HC >1% 280 cells/mm? TC IT CDs 156 0s 8
ST 250%; CDS8, PD-1,
Kim 2018 K 131 58 (32-79 IHC TC>25%; 1C>59 TC, IC IT, ST 30 08, PFS 8
m orea (32:79) % a IT >10% FOXP3
Martin de 1
A e i g eden 130 67 (43-86) IHC >1% >1% IC IT CD3, PD-1 39 0s 8
Fuente 2020
) 59.7 (69.7-
Mills 2019 Us 112 ©7) IHC >1% >12.95 cells/HPF TG, IC IT CD8, FOXP3 NR 0s 8
D3, CD4,
Pinto 2018 Chile 128 57 (29-83) IHC score>2 >10 cells/HPF TC IT, ST ED; ¢ NR 0OS, PFS 7
Strickland TC25%; CD3, CD8,
>
016 Us 245 NR IHC [Co1 cell/HPF >13 cells/HPF TC, IC IT - NR 08, DFS 6
CD3, CD4,
Wang 2017 China 107 57 (29-82) IHC >5% score > 2 or 3 TG, IC IT, ST CD8 NR OS 7
CD3, CD8,
201 1 TH >1 cell/HPF >5 cells/HPF I IT D!
Webb 2016 Canada 95 NR C cell/ 5 cells/ C PD-1, FOXP3 NR SS 6
Bansal 2021 India 100 50.8 (31.5-82) IHC > 10% score > 1 TC, IC IT, ST CD4, CD8 NR OS, DFS 6

US, United States; NR, not reported; IHC, immunohistochemistry; HPF, high power field; CPS, combined positive score; TPS, tumor proportion score; IRS, immuno-reactivity score; TC, tumor cell; IC, immune cell; IT, intraepithelial; ST, stromal; OS, overall survival; PES,

progression-free survival; DFS, disease-free survival; DSS, disease-specific survival; NOS, Newcastle-Ottawa scale.
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cohort of 1746 individuals. The sample sizes from which these
studies were conducted ranged from 100 to 283. The median age of
the patients ranged from 50.8 to 67 years, and the median follow-up
time extended from 30 to 156 months. There were four European
studies, three Asian studies, three North American studies, and one
South American study. Various studies employed
immunohistochemical methodologies to evaluate PD-L1 and
TILs, applying distinct cut-off values and scoring systems. Seven
studies examined the correlation between TCs PD-L1 expression
and associated prognoses, while five studies investigated the
prognostic relevance of PD-L1 expression in ICs. Moreover, five
studies concentrated solely on the relationship between
intraepithelial TILs and survival. Finally, three studies probed the
prognostic ramifications of intraepithelial and stromal TILs.
According to NOS scores, all included studies scored =6,
indicating the high methodological quality of these studies.
Specific scoring details are shown in Table 2.

3.3 PD-L1 and prognosis

3.3.1 TCs PD-L1 expression and prognosis

The association between TCs PD-L1 expression and OS has
been investigated in seven studies. The

combined data analysis revealed that there was no significant
correlation (HR = 0.76, 95% CI: 0.52-1.09, p = 0.136), which was
further confirmed using REM due to the presence of heterogeneity

TABLE 2 The NOS quality assessment of the enrolled studies.

10.3389/fimmu.2023.1234894

(I = 64.8%, p = 0.009) (Figure 3A). Additionally, data from four
studies were analyzed to determine the relationship between TCs
PD-L1 expression and PFS. Pooled results showed that TCs PD-L1
expression was not significantly correlated with prognosis (HR =
0.71, 95% CI: 0.41-1.24, p = 0.230). Given the slight heterogeneity
among the four studies (I* = 67.0%, p = 0.028), REM was
employed (Figure 3B).

3.3.2 ICs PD-L1 expression and prognosis

Due to the limited availability of PFS data, our study specifically
focused on the relationship between PD-Llexpression in ICs and
OS. A total of five studies were included in our analysis, and the
combined results showed that PD-L1 expression in ICs was
positively correlated with OS (HR = 0.73, 95% CI: 0.57-0.94, p =
0.013). FEM was used in view of the absence of significant
heterogeneity (I* = 4.5%, p = 0.381) (Figure 4).

3.4 TILs subtypes and prognosis

3.4.1 CD8" T lymphocyte subset

Intraepithelial TILs were subjected to analysis in this study. The
pooled HRs and 95% Cls indicated that CD8" TILs had a positive
impact on OS in patients (HR = 0.70, 95% CI = 0.55-0.87, p =
0.002). Given the absence of heterogeneity, FEM was deemed
appropriate for analysis (1> = 0.0%, p = 0.687) (Figure 5A).

Selection Comparability Outcome Total
Score
Representativeness Selection of Exposure Outcome not Control for Assessment | Follow-up Adequacy of 0-9
of exposed cohort non-exposed ascertainment present prior to factor of outcome long follow-up of
cohort exposure enough cohorts
Chen 2020 * * * * * % * Y Y 7
Darb-
Esfahani * * * * *x * Y * 6
2016
Henriksen
*
2020 * * * * * * * Yo 8
Martin de
la Fuente * * * * *k * * * 8
2020
Mills 2019 * * * * * % * * Y 8
Pinto 2018 * * Y * * % * Y * 7
Strickland
*
2016 * * Y * * Y Y * 6
Wang
* * * * *k *
2017 * Y 7
Webb
*
2016 * * Yo * * * pAd Yo 6
Bansal
* * * * Kk *
2021 Y Y > 6
Kim 2018 * * * * ** * * * 8
NOS, Newcastle-Ottawa scale.
Y, zero score; %, one score.
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FIGURE 3

1 6.4

Forest plot of the relationship between TCs PD-L1 expression and survival outcomes in HGSOC. (A) Forest plots of overall survival (OS); (B) Forest

plots of progression-free survival (PFS).

Although only two studies provided data on CD8" TILs and PFS,
the combined results demonstrated a significant enhancement in
patients’ PFS (HR = 0.62; 95% CI= 0.41-0.92, p = 0.019).
Importantly, no heterogeneity was observed, thus warranting the
use of FEM for analysis (I* = 0.0%, p = 0.563) (Figure 5B).

3.4.2 PD-1" T lymphocyte subset

Only two studies have investigated the potential correlation
between PD-1" TILs and OS. The aggregated findings imply that
PD-1" TILs have the potential to serve as a beneficial prognostic
factor for OS (HR = 0.57; 95% CI = 0.40-0.80, p = 0.001)
(Figure 6A). As for PFS, our analysis was limited to two eligible
studies. Our results suggest that PD-1" TILs are associated with
improved PFS in patients (HR = 0.52; 95% CI = 0.35-0.78, p =
0.002) (Figure 6B). Heterogeneity was not observed in either the OS

Frontiers in Immunology

(I’ = 0.0%, p = 0.882) or PES (I* = 0.0%, p = 0.415) analyses,
therefore, the FEM was utilized.

3.4.3 CD3* T lymphocyte subset

Four studies investigated the prognostic significance of CD3™
TILs. The pooled analysis revealed the following results: HR = 0.54,
95% CI = 0.41-0.72, p = 0.000, suggesting a positive correlation
between CD3" TILs and OS. No notable heterogeneity is observed
among the studies, thus justifying the use of the FEM (I* = 36.3%, p
= 0.194) (Figure 7A).

3.4.4 CD4* T lymphocyte subset

Two studies provided data on the relationship between CD4™
TILs and OS. The pooled HRs and 95% Cls showed that CD4" TILs
were associated with better OS (HR = 0.55, 95% CI = 0.34-0.91, p =
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FIGURE 4
Forest plot of the relationship between ICs PD-L1 expression and overall survival (OS) in HGSOC.
Study %
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Kim 2018 _ 0.70 (0.29, 0.95) 14.73
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FIGURE 5

Study

Kim 2018

Pinto 2018

Overall (I-squared = 0.0%, p = 0.563)
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Forest plots of the relationship between CD8" TILs and survival outcomes in HGSOC. (A) Forest plots of overall survival (OS); (B) Forest plots of
progression-free survival (PFS).
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Forest plots of the relationship between PD-1* TILs and survival outcomes in HGSOC. (A) Forest plots of overall survival (OS); (B) Forest plots of

progression-free survival (PFS).

0.020). No heterogeneity was observed between studies the two
studies, so FEM was used (I> = 0.0%, p = 0.348) (Figure 7B).

3.5 Publication bias and sensitivity analysis

To assess publication bias for included studies, we used Begg’s
funnel plot and Egger’s linear regression test. For TCs, Begg’s funnel
plot presents nearly symmetric features. Begg’s test (OS: p = 1.000;
PES: p = 0.734) and Egger’s test (OS: p = 0.926; PFS: p = 0.909)
showed no significant publication bias (Figures 8A-D). For ICs,
publication bias was also not observed (Begg’s test: p = 0.308;
Egger’s test: p = 0.276) (Figures 8E, F). In addition, we performed a
sensitivity analysis to assess the impact of each study on the overall
outcome. Excluding each study individually did not significantly
affect the pooled HR (Figure 9). This finding highlights the
robustness of our pooled results.

4 Discussion

Our study demonstrates that PD-L1 expression in TCs is not
significantly associated with the prognosis of patients with HGSOC.
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However, PD-L1 expression derived from ICs is linked to better
survival outcomes. These findings indicate that PD-L1 exhibits
distinct prognostic values through two different patterns.
Importantly, our observation that PD-L1 expression in TCs does
not contribute to the development of HGSOC is consistent with
previous investigations (30, 31). Accumulating evidence suggests
that PD-L1 in TCs does not promote primary tumor formation and
progression. However, it may facilitate the metastasis of malignant
tumors through the interacting with myeloid cell-derived PD-L1,
hindering the infiltration of cytotoxic T cells into the affected area
(32). These findings may further support our results, as metastatic
lesions were excluded from this study. Numerous studies utilizing
mouse models have indicated that PD-L1 expression in ICs is a
crucial risk factor for the impairment of T cell-mediated antitumor
response (33). However, our results proposed that PD-L1 in ICs
correlates with an improved OS of HGSOC patients. These
observations are in good agreement with previous research on
esophageal cancer (7), which demonstrated that PD-L1 expression
in ICs serves as an independent prognostic factor that significantly
prolongs patient survival. Furthermore, Kowanetz et al. (34) also
reported a positive association between PD-L1 expression in ICs

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1234894
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wang et al.

10.3389/fimmu.2023.1234894

Study %
D HR (95% Cl) Weight
1
'
Darb-Esfahani 2016 — 0.63 (0.40, 1.00) 39.74
I
H
Martin de la Fuente 2020 — 0.60 (0.37, 0.98) 35.17
'
i
Strickland 2016 %0—: 0.15 (0.04, 0.53) 5.04
I
1
'
Wang 2017 —_— 0.47 (0.25, 0.90) 20.05
'
Overall (I-squared = 36.3%, p = 0.194) @ 0.54 (0.41,0.72) 100.00
i
'
'
'
'
'
T * T
0406 246
B
Study %
D HR (95% Cl) Weight
i
Pinto 2018 n 0.37(0.14, 0.98) 26.56
'
'
i
'
Wang 2017 —_— 0.64 (0.36, 1.14) 73.44
.
Overall (I-squared = 0.0%, p = 0.348) 0.55(0.34,0.91) 100.00

T
141

FIGURE 7

Forest plots of the relationship between CD3", CD4" TILs and overall survival (OS) in HGSOC. (A) Forest plot of CD3" TILs; (B) Forest plot of CD4" TlLs.

and improved outcomes in patients with non-small cell lung cancer.
These data reveal an interesting idea that PD-L1 expression not only
plays a positive role in immunosuppression, but also plays a crucial
role in endogenous anti-tumor immune responses, leading to
inconsistencies in PD-L1 as a prognostic indicator. This
inconsistency may not only be related to individual patient
differences and tumor heterogeneity, but also be affected by the
complex TME.

In fact, PD-L1 expression in the TME is influenced by a variety
of interrelated regulatory factors, which makes it dynamic and
complex. A variety of ICs exist in the TME, including tumor-
associated macrophages, dendritic cells, NK cells, T cells, etc. (35).
These ICs and their secreted cytokines play an important role in
regulating PD-L1 expression. In general, interferon y (IFN-y)
produced by activated T cells and NK cells is the main stimulator,
which can up-regulate PD-L1 expression by activating the JAK/
STAT and PI3K-AKT signaling pathways (36). Recent studies have
shown that, in addition to the direct effects on TCs, tumor necrosis
factor-o. (TNF-a) also induces the expression of PD-L1, thus
participating in the escape of TCs from host immune surveillance
(37). Other cytokines such as interleukin 6 (IL-6), interleukin 17
(IL-17), and epidermal growth factor (EGF) also directly or
indirectly influence PD-L1 behaviors (38, 39). In the setting of
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pathological conditions, including hypoxia, low nutrients, and
stress, an abundant PD-L1 was found in TME (40-42). Barsoum
et al. (40) showed that hypoxia-inducing factors can increase the
expression of PD-LI in cancer cells, which, in turn, impedes the
effects of cytotoxic T lymphocytes on TCs. At the same time, the
expression level of PD-L1 was also interfered by various signaling
pathways. Kim et al. (43) found that the activation of PI3K-AKT
signaling could lead to an increased expression of PD-L1 in gastric
cancer. The administration of PI3K inhibitor (LY294002)
significantly decrease the secretion of PD-L1. In addition, Stutvoet
et al. (44) confirmed that the activation of EGF-MAPK pathway
leads to the upregulation of PD-L1 mRNA and protein in lung
adenocarcinoma cells. In conclusion, the expression of PD-L1 in
TME represent the result regulated by the combination of multiple
exogenous and endogenous factors. This complex regulatory
mechanism makes it necessary to take the spatial and temporal
dynamic differences into consideration when PD-L1 is served as a
prognostic indicator.

It is important to note that different groups arrived at different
conclusions about the prognostic value of PD-L1. The regulatory
effects of chemotherapy on tumor immune parameters should also
be considered. Peng et al. (45) showed that chemotherapy can
upregulate PD-L1 expression through the activation of NF-kB
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signaling pathway in a mouse model of ovarian cancer, leading to
local immunosuppression. Meanwhile, Researchers also found that
the combination of paclitaxel and anti-PD-L1 drugs significantly
increased the survival of murine models with aggressive tumors.
Message et al. (46) observed immune cell infiltration and up-
regulated PD-L1 expression in the majority of ovarian cancer
patients received neoadjuvant chemotherapy (NACT).
Consistently, Lee et al. (47) found a NACT-induced increase in
PD-L1 expression and TILs density from HGSOC samples.
However, these parameters did not result in a survival advantage,
which may be partly explained by an increase in the proportion of
Foxp3*-regulatory T cells. These studies suggest that chemotherapy
plays an important and complex role in immune regulation and has
anon-negligible impact on PD-L1 expression and prognosis. Due to
the limited data provided by the included literature, our study was
unable to conduct a comprehensive analysis of the treatment of all
patients. In order to better understand the function of PD-L1 and
provide tailored treatments, these factors should be taken into
account when predicting PD-L1 expression patterns and its
impact on prognosis.
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TIL refers to a population of lymphocytes that leave the vascular
system and infiltrate tumor tissue. Based on molecular markers on
the cell surface, such as CD3, CD4, CDS8, and PD-1, TILs can be
further subdivided into multiple subgroups. The differentiation
antigen CD3 is prevalent in mature T cells (48). CD3" TILs
represent the level of total T lymphocytes and reflect the status of
the host immune function. In keeping with the majority of previous
reports (49-51), our findings indicated that the high infiltration of
CD3" TILs is significantly associated with better OS of cancer
patients and can be served as a reliable biomarker for predicting
survival outcomes in HGSOC.

Unlike CD3" TILs, the prognostic value of CD4" TILs has been
controversial. Several studies demonstrated that there was no
significant correlation between CD4" TILs and prognosis in patients
with hepatocellular carcinoma, esophagus cancer, and colorectal cancer
(52-54). Conversely, in pancreatic, nasopharyngeal, lung, and bile duct
cancers, elevated levels of CD4" TILs have been shown to improve
patient survival (50, 55-57). Our findings support the hypothesis that
the presence of CD4" TILs in patients with HGSOC can serve as a
predictor for an improved survival. The intricate differentiation
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characteristics of CD4" TILs may contribute to the apparent paradox of
behaviors. They can differentiate into multiple T helper (Th)
subgroups, thereby eftectively enhancing immune responses. Another
daughter cell of CD4" TILs is regulatory T cells (Tregs), which are
capable of establishing an immunosuppressive microenvironment (58).
Because of the acknowledged technical limitations, it is currently
unclear if the prognostic significance of CD4" TILs is influenced by
the type of cancer, CD4" TILs subgroups, or both. Therefore, further
comprehensive investigations and validation of functional subtypes are
warranted to explore and confirm the association between CD4" TILs
and the prognosis of HGSOC patients.

Another key effector cell involved in the anti-tumor immune
response is CD8" TILs, which are able to bind to major
histocompatibility complex type I (MHC-I) molecules and
directly kill cancer cells through the secretion of granzymes,
interferons and other cytokines (59). The favorable prognostic
value of CD8" TILs has been extensively studied in various
cancers, including head and neck squamous cell carcinoma (49),
non-small cell lung cancer (60) and nasopharyngeal carcinoma
(50). Consequently, CD8" TILs have emerged as a promising target
for novel immunotherapeutic approaches. Our systematic review
and meta-analysis provide further support for the notion that
increased levels of CD8" TILs significantly improve clinical
outcomes in patients with HGSOC. Notably, recent clinical trials
utilizing adoptive TILs therapy against melanoma have shown
promising results. In these trials, infused CD8" TILs were able to
migrate, infiltrate, and eliminate cancer cells, leading to sustained
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tumor regression in patients (61). Our findings contribute
additional evidence supporting the role of CD8" TILs as a reliable
prognostic indicator for tumors and their significant potential for
augmenting the efficacy of immunotherapy against HGSOC.

The inhibitory molecule PD-1 has attracted much attention as a
target for cancer immunomodulation. However, there are still many
unveiled areas regarding the relationship between PD-1 expression
and patient prognosis. PD-1" TILs numbers increase in direct
proportion to disease severity of breast cancer, kidney cancer,
nasopharyngeal cancer, and Hodgkin’s lymphoma (62-65). Our
results support that PD-1" TILs are more heterogeneous than
traditionally thought and may inhibit the progression of HGSOC.
Recent studies generally encourage this view that PD-1-expressing
TILs convey important anti-tumor eftects in follicular lymphoma,
head and neck cancer, and colorectal cancer (66-68). These findings
have triggered a rethinking of the significance of PD-1" TILs in the
battle against cancer. In some cases, PD-1 may serve as an indicator
of T cell activation rather than a marker of impaired T cell function
(69). Furthermore, given the small amount of literature integrated
in this study, a definitive explanation for this discrepancy requires
further research in the future to obtain more accurate conclusions.

Our meta-analysis may have some limitations. First, the limited
number of included studies may raise concerns about the
conclusions. This situation may partly be explained by two
reasons. First, the research areas we focused on may be relatively
new, resulting in limited available literature resources. Second, to
ensure the high quality of the studies, we have developed a strict set
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of inclusion and exclusion criteria. All literature without reliable
methods, high quality, and consistent objects and questions were
excluded to improve the scientific rigor and accuracy of our
research. Due to the small number of studies included, this study
only analyzed the predictive value of intraepithelial TILs and did
not investigate stromal TILs in depth. Therefore, it is necessary to
further study the infiltration of TILs at different sites to identify
possible candidates for immunotherapy. In addition,
inconsistencies in the antibodies, assessment methods, and
positive thresholds used in the studies may also lead to potential
heterogeneity. Future studies should further improve the scoring
system and harmonize the cut-off points to obtain more reliable
results. Finally, it is important to note that the data extracted from
the studies that met the criteria were abstract data rather than
individual patient data, which may affect the accuracy of the
combined results.

5 Conclusions

We found that PD-L1 expression in TCs did not significantly
affect long-term survival, but ICs PD-L1 expression was correlated
with better OS. Meanwhile, the infiltration of CD8", CD4", CD3",
and PD-1" TILs is associated with improved survival. Our results
suggest that PD-L1 and TILs may serve as potential biomarkers for
personalizing treatment and predicting prognosis in HGSOC
patients. However, further well-designed prospective studies are
necessary to verify our findings.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Author contributions

Y-MW and WC designed the study. LZ and J-YZ screened the
studies and extracted data. The quality of the evidence was assessed
using Y-MW, S-YX and WC. Q-MX and J-YZ analyzed and
interpreted the data. Y-MW and HD prepared figures and drafted

References

1. Seidman JD, Horkayne-Szakaly I, Haiba M, Boice CR, Kurman R]J, Ronnett BM.
The histologic type and stage distribution of ovarian carcinomas of surface epithelial
origin. Int ] gynecological Pathol (2004) 23(1):41-4. doi: 10.1097/
01.pgp.0000101080.35393.16

2. Naumann RW, Coleman RL. Management strategies for recurrent platinum-
resistant ovarian cancer. Drugs (2011) 71(11):1397-412. doi: 10.2165/11591720-
000000000-00000

3. Ezzati M, Abdullah A, Shariftabrizi A, Hou J, Kopf M, Stedman JK, et al. Recent
advancements in prognostic factors of epithelial ovarian carcinoma. Int scholarly Res
notices (2014) 2014:953509. doi: 10.1155/2014/953509

Frontiers in Immunology

13

10.3389/fimmu.2023.1234894

the manuscript. HD contributed to reviewing and editing the
manuscript. All authors have approved the final version of the
article, including the authorship list. All authors contributed to
the article.

Funding

This work was supported by the National Science Foundation of
China, No0.82160546; the Science Foundation of Jiangxi Province,
No. 20202BBG73027, No.20192BAB205015 and
No0.20202ACBL206017; the Foundation of Jiangxi Province for
Distinguished Scholars, No. JXSQ2023201020.

Acknowledgments

Figure 1 was created with BioRender software (https://biorender.com).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1234894/
full#supplementary-material

4. Anderson KG, Stromnes IM, Greenberg PD. Obstacles posed by the tumor
microenvironment to T cell activity: A case for synergistic therapies. Cancer Cell (2017)
31(3):311-25. doi: 10.1016/j.ccell.2017.02.008

5. Hodi FS, Dranoff G. The biologic importance of tumor-infiltrating lymphocytes. J
cutaneous Pathol (2010) 37 Suppl 1(0 1):48-53. doi: 10.1111/j.1600-0560.2010.01506.x

6. Bardhan K, Anagnostou T, Boussiotis VA. The PD1:PD-L1/2 pathway from
discovery to clinical implementation. Front Immunol (2016) 7:550. doi: 10.3389/
fimmu.2016.00550

7. Zhang W, Pang Q, Zhang X, Yan C, Wang Q, Yang J, et al. Programmed death-
ligand 1 is prognostic factor in esophageal squamous cell carcinoma and is associated

frontiersin.org


https://biorender.com
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1234894/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1234894/full#supplementary-material
https://doi.org/10.1097/01.pgp.0000101080.35393.16
https://doi.org/10.1097/01.pgp.0000101080.35393.16
https://doi.org/10.2165/11591720-000000000-00000
https://doi.org/10.2165/11591720-000000000-00000
https://doi.org/10.1155/2014/953509
https://doi.org/10.1016/j.ccell.2017.02.008
https://doi.org/10.1111/j.1600-0560.2010.01506.x
https://doi.org/10.3389/fimmu.2016.00550
https://doi.org/10.3389/fimmu.2016.00550
https://doi.org/10.3389/fimmu.2023.1234894
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wang et al.

with epidermal growth factor receptor. Cancer Sci (2017) 108(4):590-7. doi: 10.1111/
cas.13197

8. Parsa AT, Waldron JS, Panner A, Crane CA, Parney IF, Barry JJ, et al. Loss of
tumor suppressor PTEN function increases B7-H1 expression and immunoresistance
in glioma. Nat Med (2007) 13(1):84-8. doi: 10.1038/nm1517

9. Atefi M, Avramis E, Lassen A, Wong DJ, Robert L, Foulad D, et al. Effects of
MAPK and PI3K pathways on PD-L1 expression in melanoma. Clin Cancer Res (2014)
20(13):3446-57. doi: 10.1158/1078-0432.CCR-13-2797

10. NOman MZ, Desantis G, Janji B, Hasmim M, Karray S, Dessen P, et al. PD-L1 is
a novel direct target of HIF-1c, and its blockade under hypoxia enhanced MDSC-
mediated T cell activation. ] Exp Med (2014) 211(5):781-90. doi: 10.1084/jem.20131916

11. Kim HR, Ha §J, Hong MH, Heo SJ, Koh YW, Choi EC, et al. PD-L1 expression
on immune cells, but not on tumor cells, is a favorable prognostic factor for head and
neck cancer patients. Sci Rep (2016) 6:36956. doi: 10.1038/srep36956

12. Teng MW, Ngiow SF, Ribas A, Smyth MJ. Classifying cancers based on T-cell
infiltration and PD-L1. Cancer Res (2015) 75(11):2139-45. doi: 10.1158/0008-
5472.CAN-15-0255

13. Marincola FM, Jaffee EM, Hicklin DJ, Ferrone S. Escape of human solid tumors
from T-cell recognition: molecular mechanisms and functional significance. Adv
Immunol (2000) 74:181-273. doi: 10.1016/S0065-2776(08)60911-6

14. Tsang JY, Au WL, Lo KY, Ni YB, Hlaing T, Hu J, et al. PD-L1 expression and
tumor infiltrating PD-1+ lymphocytes associated with outcome in HER2+ breast
cancer patients. Breast Cancer Res Treat (2017) 162(1):19-30. doi: 10.1007/s10549-
016-4095-2

15. Rashed HE, Abdelrahman AE, Abdelgawad M, Balata S, Shabrawy ME.
Prognostic significance of programmed cell death ligand 1 (PD-L1), CD8+ Tumor-
infiltrating lymphocytes and p53 in non-small cell lung cancer: an
immunohistochemical study. Turk patoloji dergisi (2017) 1(1):211-22. doi: 10.5146/
tjpath.2017.01398

16. Li Y, Liang L, Dai W, Cai G, Xu Y, Li X, et al. Prognostic impact of programed
cell death-1 (PD-1) and PD-ligand 1 (PD-L1) expression in cancer cells and tumor
infiltrating lymphocytes in colorectal cancer. Mol Cancer (2016) 15(1):55. doi: 10.1186/
$12943-016-0539-x

17. Bence C, Hofman V, Chamorey E, Long-Mira E, Lassalle S, Albertini AF, et al.
Association of combined PD-L1 expression and tumour-infiltrating lymphocyte
features with survival and treatment outcomes in patients with metastatic melanoma.
J Eur Acad Dermatol Venereol JEADV (2020) 34(5):984-94. doi: 10.1111/jdv.16016

18. Chen H, Molberg K, Strickland AL, Castrillon DH, Carrick K, Jiang Q, et al. PD-
L1 expression and CD8+ Tumor-infiltrating lymphocytes in different types of tubo-
ovarian carcinoma and their prognostic value in high-grade serous carcinoma. Am J
Surg Pathol (2020) 44(8):1050-60. doi: 10.1097/PAS.0000000000001503

19. Kim HS, Kim JY, Lee YJ, Kim SH, Lee JY, Nam EJ, et al. Expression of
programmed cell death ligand 1 and immune checkpoint markers in residual tumors
after neoadjuvant chemotherapy for advanced high-grade serous ovarian cancer.
Gynecologic Oncol (2018) 151(3):414-21. doi: 10.1016/j.ygyno.2018.08.023

20. Henriksen JR, Donskov F, Waldstrom M, Jakobsen A, Hjortkjaer M, Petersen
CB, et al. Favorable prognostic impact of Natural Killer cells and T cells in high-grade
serous ovarian carcinoma. Acta Oncol (Stockholm Sweden) (2020) 59(6):652-9. doi:
10.1080/0284186X.2019.1711173

21. Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, Gordon MS, et al.
Predictive correlates of response to the anti-PD-L1 antibody MPDL3280A in cancer
patients. Nature (2014) 515(7528):563-7. doi: 10.1038/nature14011

22. Wang L. Prognostic effect of programmed death-ligand 1 (PD-L1) in ovarian
cancer: a systematic review, meta-analysis and bioinformatics study. J Ovarian Res
(2019) 12(1):37. doi: 10.1186/s13048-019-0512-6

23. Huang L], Deng XF, Chang F, Wu XL, Wu Y, Diao QZ. Prognostic significance
of programmed cell death ligand 1 expression in patients with ovarian carcinoma: A
systematic review and meta-analysis. Med (Baltimore) (2018) 97(43):e12858. doi:
10.1097/MD.0000000000012858

24. Milne K, Kébel M, Kalloger SE, Barnes RO, Gao D, Gilks CB, et al. Systematic
analysis of immune infiltrates in high-grade serous ovarian cancer reveals CD20, FoxP3
and TIA-1 as positive prognostic factors. PloS One (2009) 4(7):e6412. doi: 10.1371/
journal.pone.0006412

25. Webb JR, Milne K, Kroeger DR, Nelson BH. PD-L1 expression is associated with
tumor-infiltrating T cells and favorable prognosis in high-grade serous ovarian cancer.
Gynecol Oncol (2016) 141(2):293-302. doi: 10.1016/j.ygyno.2016.03.008

26. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BM]J (Clinical Res ed) (2021) 372:n71. doi: 10.1136/bmj.n71

27. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur ] Epidemiol (2010) 25
(9):603-5. doi: 10.1007/s10654-010-9491-z

28. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. BMJ (Clinical Res ed) (1997) 315(7109):629-34. doi:
10.1136/bm;j.315.7109.629

29. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics (1994) 50(4):1088-101. doi: 10.2307/2533446

Frontiers in Immunology

14

10.3389/fimmu.2023.1234894

30. Mamat Yusof MN, Chew KT, Kampan N, Abd Aziz NH, Md Zin RR, Tan GC,
et al. PD-L1 expression in endometrial cancer and its association with
clinicopathological features: A systematic review and meta-analysis. Cancers (2022)
14(16):3911. doi: 10.3390/cancers14163911

31. Tokito T, Azuma K, Kawahara A, Ishii H, Yamada K, Matsuo N, et al. Predictive
relevance of PD-L1 expression combined with CD8+ TIL density in stage III non-small
cell lung cancer patients receiving concurrent chemoradiotherapy. Eur ] Cancer
(Oxford Engl 1990) (2016) 55:7-14. doi: 10.1016/j.ejca.2015.11.020

32. Klement JD, Redd PS, Lu C, Merting AD, Poschel DB, Yang D, et al. Tumor PD-
L1 engages myeloid PD-1 to suppress type I interferon to impair cytotoxic T
lymphocyte recruitment. Cancer Cell (2023) 41(3):620-36.e9. doi: 10.1016/
j.ccell.2023.02.005

33. Oh SA, Wu DC, Cheung J, Navarro A, Xiong H, Cubas R, et al. PD-L1
expression by dendritic cells is a key regulator of T-cell immunity in cancer. Nat
Cancer (2020) 1(7):681-91. doi: 10.1038/s43018-020-0075-x

34. Kowanetz M, Zou W, Gettinger SN, Koeppen H, Kockx M, Schmid P, et al.
Differential regulation of PD-L1 expression by immune and tumor cells in NSCLC and
the response to treatment with atezolizumab (anti-PD-L1). Proc Natl Acad Sci U.S.A.
(2018) 115(43):E10119-€26. doi: 10.1073/pnas.1802166115

35. Quail DF, Joyce JA. Microenvironmental regulation of tumor progression and
metastasis. Nat Med (2013) 19(11):1423-37. doi: 10.1038/nm.3394

36. Zhang X, Zeng Y, Qu Q, Zhu J, Liu Z, Ning W, et al. PD-L1 induced by IFN-y
from tumor-associated macrophages via the JAK/STAT3 and PI3K/AKT signaling
pathways promoted progression of lung cancer. Int J Clin Oncol (2017) 22(6):1026-33.
doi: 10.1007/s10147-017-1161-7

37. Wang X, Yang L, Huang F, Zhang Q, Liu S, Ma L, et al. Inflammatory cytokines
IL-17 and TNF-o. up-regulate PD-L1 expression in human prostate and colon cancer
cells. Immunol Lett (2017) 184:7-14. doi: 10.1016/j.imlet.2017.02.006

38. Zhang N, Zeng Y, Du W, Zhu J, Shen D, Liu Z, et al. The EGFR pathway is
involved in the regulation of PD-L1 expression via the IL-6/JAK/STAT3 signaling
pathway in EGFR-mutated non-small cell lung cancer. Int ] Oncol (2016) 49(4):1360-8.
doi: 10.3892/ij0.2016.3632

39. Concha-Benavente F, Srivastava RM, Trivedi S, Lei Y, Chandran U, Seethala RR,
et al. Identification of the cell-intrinsic and -extrinsic pathways downstream of EGFR
and IFNy That induce PD-L1 expression in head and neck cancer. Cancer Res (2016) 76
(5):1031-43. doi: 10.1158/0008-5472.CAN-15-2001

40. Barsoum IB, Smallwood CA, Siemens DR, Graham CH. A mechanism of
hypoxia-mediated escape from adaptive immunity in cancer cells. Cancer Res (2014)
74(3):665-74. doi: 10.1158/0008-5472.CAN-13-0992

41. Yao X, Tu Y, Xu Y, Guo Y, Yao F, Zhang X. Endoplasmic reticulum stress-
induced exosomal miR-27a-3p promotes immune escape in breast cancer via regulating
PD-L1 expression in macrophages. J Cell Mol Med (2020) 24(17):9560-73. doi:
10.1111/jemm. 15367

42. Yu Y, Liang Y, Li D, Wang L, Liang Z, Chen Y, et al. Glucose metabolism
involved in PD-L1-mediated immune escape in the Malignant kidney tumour
microenvironment. Cell Death Discovery (2021) 7(1):15. doi: 10.1038/s41420-021-
00401-7

43. Kim YB, Ahn JM, Bae W], Sung CO, Lee D. Functional loss of ARID1A is tightly
associated with high PD-L1 expression in gastric cancer. Int ] Cancer (2019) 145
(4):916-26. doi: 10.1002/ijc.32140

44. Stutvoet TS, Kol A, de Vries EG, de Bruyn M, Fehrmann RS, Terwisscha van
Scheltinga AG, et al. MAPK pathway activity plays a key role in PD-L1 expression of
lung adenocarcinoma cells. J Pathol (2019) 249(1):52-64. doi: 10.1002/path.5280

45. Peng J, Hamanishi J, Matsumura N, Abiko K, Murat K, Baba T, et al.
Chemotherapy induces programmed cell death-ligand 1 overexpression via the
nuclear factor-xB to foster an immunosuppressive tumor microenvironment in
ovarian cancer. Cancer Res (2015) 75(23):5034-45. doi: 10.1158/0008-5472.CAN-14-
3098

46. Mesnage SJL, Auguste A, Genestie C, Dunant A, Pain E, Drusch F, et al.
Neoadjuvant chemotherapy (NACT) increases immune infiltration and programmed
death-ligand 1 (PD-L1) expression in epithelial ovarian cancer (EOC). Ann Oncol
(2017) 28(3):651-7. doi: 10.1093/annonc/mdw625

47. Lee YJ, Woo HY, Kim YN, Park J, Nam EJ, Kim SW, et al. Dynamics of the
tumor immune microenvironment during neoadjuvant chemotherapy of high-grade
serous ovarian cancer. Cancers (2022) 14(9):2308. doi: 10.3390/cancers14092308

48. Wagner P, Koch M, Nummer D, Palm S, Galindo L, Autenrieth D, et al.
Detection and functional analysis of tumor infiltrating T-lymphocytes (TIL) in liver
metastases from colorectal cancer. Ann Surg Oncol (2008) 15(8):2310-7. doi: 10.1245/
$10434-008-9971-5

49. de Ruiter EJ, Ooft ML, Devriese LA, Willems SM. The prognostic role of tumor
infiltrating T-lymphocytes in squamous cell carcinoma of the head and neck: A
systematic review and meta-analysis. Oncoimmunology (2017) 6(11):e1356148. doi:
10.1080/2162402X.2017.1356148

50. Berele BA, Cai Y, Yang G. Prognostic value of tumor infiltrating lymphocytes in
nasopharyngeal carcinoma patients: meta-analysis. Technol Cancer Res Treat (2021)
20:15330338211034265. doi: 10.1177/15330338211034265

51. Kong JC, Guerra GR, Pham T, Mitchell C, Lynch AC, Warrier SK, et al.
Prognostic impact of tumor-infiltrating lymphocytes in primary and metastatic

frontiersin.org


https://doi.org/10.1111/cas.13197
https://doi.org/10.1111/cas.13197
https://doi.org/10.1038/nm1517
https://doi.org/10.1158/1078-0432.CCR-13-2797
https://doi.org/10.1084/jem.20131916
https://doi.org/10.1038/srep36956
https://doi.org/10.1158/0008-5472.CAN-15-0255
https://doi.org/10.1158/0008-5472.CAN-15-0255
https://doi.org/10.1016/S0065-2776(08)60911-6
https://doi.org/10.1007/s10549-016-4095-2
https://doi.org/10.1007/s10549-016-4095-2
https://doi.org/10.5146/tjpath.2017.01398
https://doi.org/10.5146/tjpath.2017.01398
https://doi.org/10.1186/s12943-016-0539-x
https://doi.org/10.1186/s12943-016-0539-x
https://doi.org/10.1111/jdv.16016
https://doi.org/10.1097/PAS.0000000000001503
https://doi.org/10.1016/j.ygyno.2018.08.023
https://doi.org/10.1080/0284186X.2019.1711173
https://doi.org/10.1038/nature14011
https://doi.org/10.1186/s13048-019-0512-6
https://doi.org/10.1097/MD.0000000000012858
https://doi.org/10.1371/journal.pone.0006412
https://doi.org/10.1371/journal.pone.0006412
https://doi.org/10.1016/j.ygyno.2016.03.008
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.2307/2533446
https://doi.org/10.3390/cancers14163911
https://doi.org/10.1016/j.ejca.2015.11.020
https://doi.org/10.1016/j.ccell.2023.02.005
https://doi.org/10.1016/j.ccell.2023.02.005
https://doi.org/10.1038/s43018-020-0075-x
https://doi.org/10.1073/pnas.1802166115
https://doi.org/10.1038/nm.3394
https://doi.org/10.1007/s10147-017-1161-7
https://doi.org/10.1016/j.imlet.2017.02.006
https://doi.org/10.3892/ijo.2016.3632
https://doi.org/10.1158/0008-5472.CAN-15-2001
https://doi.org/10.1158/0008-5472.CAN-13-0992
https://doi.org/10.1111/jcmm.15367
https://doi.org/10.1038/s41420-021-00401-7
https://doi.org/10.1038/s41420-021-00401-7
https://doi.org/10.1002/ijc.32140
https://doi.org/10.1002/path.5280
https://doi.org/10.1158/0008-5472.CAN-14-3098
https://doi.org/10.1158/0008-5472.CAN-14-3098
https://doi.org/10.1093/annonc/mdw625
https://doi.org/10.3390/cancers14092308
https://doi.org/10.1245/s10434-008-9971-5
https://doi.org/10.1245/s10434-008-9971-5
https://doi.org/10.1080/2162402X.2017.1356148
https://doi.org/10.1177/15330338211034265
https://doi.org/10.3389/fimmu.2023.1234894
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wang et al.

colorectal cancer: A systematic review and meta-analysis. Dis colon rectum (2019) 62
(4):498-508. doi: 10.1097/DCR.0000000000001332

52. Yao W, He JC, Yang Y, Wang JM, Qian YW, Yang T, et al. The prognostic value
of tumor-infiltrating lymphocytes in hepatocellular carcinoma: a systematic review and
meta-analysis. Sci Rep (2017) 7(1):7525. doi: 10.1038/s41598-017-08128-1

53. Zheng X, Song X, Shao Y, Xu B, Hu W, Zhou Q, et al. Prognostic role of tumor-
infiltrating lymphocytes in esophagus cancer: a meta-analysis. Cell Physiol Biochem
(2018) 45(2):720-32. doi: 10.1159/000487164

54. Toor SM, Murshed K, Al-Dhaheri M, Khawar M, Abu Nada M, Elkord E. Immune
checkpoints in circulating and tumor-infiltrating CD4(+) T cell subsets in colorectal cancer
patients. Front Immunol (2019) 10:2936. doi: 10.3389/fimmu.2019.02936

55. Orhan A, Vogelsang RP, Andersen MB, Madsen MT, Hélmich ER, Raskov H, et al. The
prognostic value of tumour-infiltrating lymphocytes in pancreatic cancer: a systematic review and
meta-analysis. Eur ] Cancer (Oxford Engl 1990) (2020) 132:71-84. doi: 10.1016/j.¢jca.2020.03.013

56. Geng Y, Shao Y, He W, Hu W, Xu Y, Chen J, et al. Prognostic role of tumor-
infiltrating lymphocytes in lung cancer: a meta-analysis. Cell Physiol Biochem (2015) 37
(4):1560-71. doi: 10.1159/000438523

57. Liu D, Heij LR, Czigany Z, Dahl E, Lang SA, Ulmer TF, et al. The role of tumor-
infiltrating lymphocytes in cholangiocarcinoma. J Exp Clin Cancer Res CR (2022) 41
(1):127. doi: 10.1186/s13046-022-02340-2

58. Kim HJ, Cantor H. CD4 T-cell subsets and tumor immunity: the helpful and the not-
so-helpful. Cancer Immunol Res (2014) 2(2):91-8. doi: 10.1158/2326-6066.CIR-13-0216

59. Turner TB, Buchsbaum D], Straughn JM Jr., Randall TD, Arend RC. Ovarian
cancer and the immune system - The role of targeted therapies. Gynecol Oncol (2016)
142(2):349-56. doi: 10.1016/j.ygyno.2016.05.007

60. Schalper KA, Brown ], Carvajal-Hausdorf D, McLaughlin J, Velcheti V, Syrigos
KN, et al. Objective measurement and clinical significance of TILs in non-small cell
lung cancer. ] Natl Cancer Institute (2015) 107(3):dju435. doi: 10.1093/jnci/djud35

61. Dudley ME, Wunderlich JR, Robbins PF, Yang JC, Hwu P, Schwartzentruber DJ,
et al. Cancer regression and autoimmunity in patients after clonal repopulation with
antitumor lymphocytes. Science (2002) 298(5594):850-4. doi: 10.1126/science.1076514

Frontiers in Immunology

15

10.3389/fimmu.2023.1234894

62. Muenst S, Soysal SD, Gao F, Obermann EC, Oertli D, Gillanders WE. The
presence of programmed death 1 (PD-1)-positive tumor-infiltrating lymphocytes is
associated with poor prognosis in human breast cancer. Breast Cancer Res Treat (2013)
139(3):667-76. doi: 10.1007/s10549-013-2581-3

63. Thompson RH, Dong H, Lohse CM, Leibovich BC, Blute ML, Cheville JC, et al.
PD-1 is expressed by tumor-infiltrating immune cells and is associated with poor
outcome for patients with renal cell carcinoma. Clin Cancer Res (2007) 13(6):1757-61.
doi: 10.1158/1078-0432.CCR-06-2599

64. Hsu MC, Hsiao JR, Chang KC, Wu YH, Su IJ, Jin YT, et al. Increase of
programmed death-1-expressing intratumoral CD8 T cells predicts a poor prognosis
for nasopharyngeal carcinoma. Modern Pathol (2010) 23(10):1393-403. doi: 10.1038/
modpathol.2010.130

65. Muenst S, Hoeller S, Dirnhofer S, Tzankov A. Increased programmed death-1+
tumor-infiltrating lymphocytes in classical Hodgkin lymphoma substantiate reduced
overall survival. Hum Pathol (2009) 40(12):1715-22. doi: 10.1016/
j-humpath.2009.03.025

66. Carreras J, Lopez-Guillermo A, Fox BC, Colomo L, Martinez A, Roncador G,
et al. High numbers of tumor-infiltrating FOXP3-positive regulatory T cells are
associated with improved overall survival in follicular lymphoma. Blood (2006) 108
(9):2957-64. doi: 10.1182/blood-2006-04-018218

67. Badoual C, Hans S, Merillon N, Van Ryswick C, Ravel P, Benhamouda N, et al.
PD-1-expressing tumor-infiltrating T cells are a favorable prognostic biomarker in
HPV-associated head and neck cancer. Cancer Res (2013) 73(1):128-38. doi: 10.1158/
0008-5472.CAN-12-2606

68. Salama P, Phillips M, Grieu F, Morris M, Zeps N, Joseph D, et al. Tumor-
infiltrating FOXP3+ T regulatory cells show strong prognostic significance in colorectal
cancer. J Clin Oncol (2009) 27(2):186-92. doi: 10.1200/JC0O.2008.18.7229

69. Legat A, Speiser DE, Pircher H, Zehn D, Fuertes Marraco SA. Inhibitory
receptor expression depends more dominantly on differentiation and activation than
"Exhaustion” of human CD8T cells. Front Immunol (2013) 4:455. doi: 10.3389/
fimmu.2013.00455

frontiersin.org


https://doi.org/10.1097/DCR.0000000000001332
https://doi.org/10.1038/s41598-017-08128-1
https://doi.org/10.1159/000487164
https://doi.org/10.3389/fimmu.2019.02936
https://doi.org/10.1016/j.ejca.2020.03.013
https://doi.org/10.1159/000438523
https://doi.org/10.1186/s13046-022-02340-2
https://doi.org/10.1158/2326-6066.CIR-13-0216
https://doi.org/10.1016/j.ygyno.2016.05.007
https://doi.org/10.1093/jnci/dju435
https://doi.org/10.1126/science.1076514
https://doi.org/10.1007/s10549-013-2581-3
https://doi.org/10.1158/1078-0432.CCR-06-2599
https://doi.org/10.1038/modpathol.2010.130
https://doi.org/10.1038/modpathol.2010.130
https://doi.org/10.1016/j.humpath.2009.03.025
https://doi.org/10.1016/j.humpath.2009.03.025
https://doi.org/10.1182/blood-2006-04-018218
https://doi.org/10.1158/0008-5472.CAN-12-2606
https://doi.org/10.1158/0008-5472.CAN-12-2606
https://doi.org/10.1200/JCO.2008.18.7229
https://doi.org/10.3389/fimmu.2013.00455
https://doi.org/10.3389/fimmu.2013.00455
https://doi.org/10.3389/fimmu.2023.1234894
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Prognostic role of different PD-L1 expression patterns and tumor-infiltrating lymphocytes in high-grade serous ovarian cancer: a systematic review and meta-analysis
	1 Introduction
	2 Materials and methods
	2.1 Protocol and eligibility criteria
	2.2 Information sources and search criteria
	2.3 Study selection
	2.4 Data collection process and data items
	2.5 Quality assessment
	2.6 Statistical analysis

	3 Results
	3.1 Literature search
	3.2 Study characteristics
	3.3 PD-L1 and prognosis
	3.3.1 TCs PD-L1 expression and prognosis
	3.3.2 ICs PD-L1 expression and prognosis

	3.4 TILs subtypes and prognosis
	3.4.1 CD8+ T lymphocyte subset
	3.4.2 PD-1+ T lymphocyte subset
	3.4.3 CD3+ T lymphocyte subset
	3.4.4 CD4+ T lymphocyte subset

	3.5 Publication bias and sensitivity analysis

	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


