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Background: Programmed cell death ligand 1 (PD-L1) is highly expressed in

intrahepatic cholangiocarcinoma (ICC) tissues. But there is still a dispute over the

prognostic value of PD-L1 in patients with ICC. This study aimed to evaluate the

prognostic value of PD-L1 expression in patients with ICC.

Methods: We performed a meta-analysis based on the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses Guidelines. We searched the literature

fromPubMed, Embase,Web of Science, and the Cochrane Library up toDecember

5, 2022. Hazard ratios (HR) and their 95% confidence intervals (95% CI) were

calculated to analyze the overall survival (OS), recurrence-free survival (RFS), and

time to relapse. The quality of the studies was assessed using the Newcastle-

Ottawa scale. Publication bias was assessed using a funnel plot and Egger’s test.

Results: Ten trials with 1944 cases were included in this meta-analysis. The results

showed that the low-PD-L1 group had a statistically significant advantage in OS

(HR, 1.57; 95% CI, 1.38–1.79, P <0.00001), RFS (HR, 1.62; 95% CI, 1.34–1.97,

P <0.00001), and time to relapse (HR, 1.60; 95% CI, 1.25–2.05, P = 0.0002)

compared with the high-PD-L1 group. High programmed cell death (PD1)levels,

on the other hand, were correlated with poorer OS (HR, 1.96; 95% CI, 1.43–2.70;

P <0.0001) and RFS (HR, 1.87; 95% CI, 1.21–2.91; P = 0.005). Multivariate analysis

showed that PD-L1 could act as an independent predictor for OS (HR, 1.48; 95%CI,

1.14–1.91; P = 0.003) and RFS (HR, 1.74; 95% CI, 1.22–2.47; P = 0.002), and PD1

acted as an independent predictor for OS (HR, 1.66; 95% CI, 1.15–2.38; P = 0.006).

Conclusion: This meta-analysis demonstrated that high PD-L1/PD1 expression is

associated with poor survival in ICC. PD-L1/PD1 may be a valuable prognostic

and predictive biomarker and potential therapeutic target in ICC.

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

identifier CRD42022380093.
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1 Introduction

Intrahepatic cholangiocarcinoma (ICC) accounts for over 20%

of primary liver cancers and is the second most common primary

liver tumor after hepatocellular carcinoma (1). ICC is a highly lethal

neoplasm because it is always misdiagnosed and there is no effective

therapeutic regimen to control it, which is not sensitive to

chemotherapy and radiotherapy (2). Therefore, an effective

therapeutic target has recently been focused on ICC worldwide.

The programmed cell death (PD) ligand 1 (PD1)/PD-L1 axis is

one of the most important immune checkpoints and a valuable

therapeutic target because it plays a critical role in facilitating

immune evasion (3). Tumor cells express PD-L1, which binds to

PD1 to evade antitumor responses (4). PD-L1 also plays an

important role in subsequent tumor progression by binding to

PD1 and activating proliferative and survival signaling pathways

(5). Furthermore, PD-L1 expression can be modulated by various

tumorigenesis-related signaling pathways, including the

phosphoinositide 3-kinase–protein kinase B/Akt (PI3K/AKT) (6–

8), mitogen-activated protein kinase (MAPK) (9), and Wingless/

Integrated (WNT) pathways (10). An increasing number of studies

have clearly demonstrated that PD-L1 is overexpressed in various

malignant tumors, such as nasopharyngeal carcinoma, lung cancer,

and hepatocellular carcinoma (11–16). Additionally, PD-L1

expression is significantly associated with prognosis and

clinicopathological features; for example, PD-L1 overexpression

contributes to poor prognosis in gastric, colorectal, breast, and

pancreatic cancers, and renal cell and hepatocellular carcinomas

(17–21). Furthermore, many studies have found that PD-L1 is

highly expressed in ICC and is markedly related to the prognosis

of patients with ICC (22, 23). However, few studies have reported

the efficacy of anti-PD1/PD-L1 treatment for ICC (24, 25), and PD-

L1 as a therapeutic target for ICC is still in demand, which requires

further evaluation.

Therefore, we performed this meta-analysis to assess the effect

of PD-L1 expression on the prognosis of ICC. The purpose of this

study was to evaluate the correlation between PD-L1 overexpression

and survival in ICC, thereby shedding more light on the

development of PD-L1 targeted therapy and prognostic prediction.
2 Materials and methods

This study has been conducted in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

Guidelines (26, 27) (Supplementary Table 1).
2.1 Search strategy

Two investigators independently searched the online databases

PubMed, Embase, Cochrane Library, and Web of Science for

interrelated studies up to December 5, 2022. The search terms

were “intrahepatic cholangiocarcinoma” AND “programmed cell
Frontiers in Immunology 02
death ligand 1” OR “PD-L1” OR “B7-H1” (Supplementary Table 2).

Reference lists from published studies were also searched.
2.2 Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) patients who were

diagnosed with ICC; (2) articles that were published in English with

full texts, involving humans as study subjects; (3) the correlation

between PD-L1 and survival (overall survival [OS], recurrence-free

survival [RFS], and time to relapse [TTR]) was detected; (4) the

hazard ratio (HR) and 95% confidence intervals (CI) for survival

times were computed by included articles that provided sufficient

data; and (5) PD-L1 expression levels were gauged in clinical ICC

tissues. The exclusion criteria were as follows: (1) patients with ICC

and other cancers; (2) case reports, abstracts, and reviews; (3)

duplicated articles; and (4) articles with incomplete data.
2.3 Data extraction

Two reviewers independently extracted the data. Any

disagreements regarding the information were resolved by

consensus or by the judgment of a third reviewer. The following

data were extracted from each study: authors of the article, year of

publication, detection method, region, cutoff value, follow-up time,

and HRs with 95% CI (28). The main outcomes were PD-L1

expression-related OS, RFS, and TTR. The following data were

also extracted if the study contains: PD1 expression-related survival

data. While the original survival data were hardly accessed, the

extracted data from the Kaplan–Meier curves were obtained using

the software Engauge Digitizer version12.1.
2.4 Quality assessment

Two reviewers independently evaluated the quality of the

included literature using a 9-score system of the Newcastle-

Ottawa Scale (NOS) (29). The NOS comprises eight items, with a

score >6 indicating high-quality research.
2.5 Statistical analysis

All data analyses were performed using Review Manager

version 5.3 and Stata Software version 14.0. We applied pooled

HRs with their 95% CIs to evaluate the association between

prognostic value and the expression levels of PD-L1 in ICC.

Cochran’s Q and I2 statistics were used to assess the heterogeneity

among these articles (30). Heterogeneity was considered

insignificant when P >0.10 or I2 <50%, and a fixed-effects model

was used to pool the effects; otherwise, a random-effects model was

used. Funnel plot and Egger’s test were used to estimate publication

bias, and a P value of <0.05 implied statistical significance.
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3 Results

3.1 Selected studies

We searched for 329 trials in four electronic databases.

Subsequently, we excluded 107 duplicates, 182 records after

screening the titles and abstracts, and 30 records due to irrelevant or

incomplete data. Eventually, ten trials (22, 31–39) and 1944 cases were

included according to the inclusion and exclusion criteria (Figure 1).
3.2 Study characteristics and
quality assessment

Nine studies were included from Asia (China, Korea, and Japan),

and one was from Germany. All of the included studies used either

immunohistochemistry or immunofluorescence to detect PD-L1

expression. Moreover, we extracted two sets of survival data from

one trial with the training and validation cohorts. Four studies

reported the effect of PD1 on the prognosis of ICC. The quality of

the included trials was assessed by NOS, and all included studies were

high-quality studies. The NOS scores and characteristics of the

included studies are summarized in Table 1, the quality evaluations

of all included articles are in Supplementary Table 3.
3.3 OS

Regarding the effect of PD-L1 expression on OS, the low-PD-

L1 group had a significantly better OS (HR, 1.57; 95% CI, 1.38–
Frontiers in Immunology 03
1.79; P <0.00001; I2, 26%; P = 0.22) than the high-PD-L1 group

(Figure 2A). Furthermore, multivariate analysis showed that PD-

L1 was also a significant independent prognostic factor (HR, 1.48;

95% CI, 1.14–1.91; P = 0.003; I2, 14%; P = 0.31) (Figure 2B). While

concerning the effect of PD1 expression on OS, a statistically

significant difference in OS (HR, 1.96; 95% CI, 1.43–2.70;

P <0.0001) was found between the PD1 low and high groups

(Figure 2C). Multivariate analysis showed that PD1 was also a

significant independent prognostic factor (HR, 1.66; 95% CI,

1.15–2.38; P = 0.006) (Figure 2D). Namely, both high PD-L1

and PD1 expression were associated with poor OS of patients

with ICC.
3.4 RFS

Regarding the effect of PD-L1 expression on RFS, the low-PD-

L1 group had a statistically significant advantage in RFS (HR, 1.62;

95% CI, 1.34–1.97; P <0.00001) in univariate analysis and (HR, 1.74;

95% CI, 1.22–2.47; P = 0.002) (Figures 3A, B), means that the high

level of PD-L1 was relevant to poor RFS and may be used to predict

the recurrence time after antitumor therapy. For the effect of PD1

expression on RFS, there was a statistically significant difference in

RFS (HR, 1.87; 95% CI, 1.21–2.91; P = 0.005) (Figure 3C), whereas

multivariate analysis did not show any statistically significant

difference in RFS (HR, 1.31; 95% CI, 0.85–2.04; P = 0.23;

Figure 3D). The HRs of the RFS for PD1 expression were pooled

using a random-effects model because there was slight

heterogeneity among the three studies (I2, 62%; P = 0.07). Based

on the above, the PD1 overexpression could be related to poor RFS,
FIGURE 1

Flow diagram of study selection.
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but there were not any correlations between PD1 levels and RFS in

multivariate analysis.
3.5 TTR

Two cohorts in one trial reported the TTR of patients with PD-

L1 expression. The results showed that the low-PD-L1 group had a

statistically significant advantage in TTR (HR, 1.60; 95% CI, 1.25–

2.05; P = 0.0002; I2, 0%; P = 0.49) (Figure 4). So, the low level of PD-

L1 was beneficial to well TTR of ICC patients.
3.6 Subgroup analysis for PD-L1 expression

Considering that cut-offs for PD-L1 positivity, the scoring

method may be important sources of heterogeneity, we conducted

the subgroup analyses based on the cut-offs and scoring methods.

The subgroups were divided by cut-offs (≤50%, >50% and not

reported) and scoring methods (IHC, CPS and not reported). In OS,

the results showed there were not any differences among the cut-off

groups (I2, 0%; P = 0.42) (Figure 5A), and the scoring method
Frontiers in Immunology 04
groups (I2, 40.9%; P = 0.18) (Figure 5B). Besides, the cut-off groups

also had no differences (I2, 0%; P = 0.87) (Figure 5C). Therefore, the

cut-offs and scoring methods may not be the important sources of

heterogeneity, means the different cut-offs and scoring method

could not affect the pooled HRs.
3.7 Sensitivity analysis

We conducted a sensitivity analysis for OS (Figure 6A), RFS

(Figure 6B), and TTR (Figure 6C) for PD-L1 expression and OS

(Figure 6D) and RFS (Figure 6E) for PD1 expression in ICC by

separately removing each study and then merging the effect quality.

After excluding each study from the main analysis, the overall

results showed no significant changes, which suggests that our

combined results are reliable.
3.8 Publication bias

The funnel plots and Egger’s test were used to test for potential

publication bias. The funnel plot showed that the left and right sides
TABLE 1 The characteristics of the included studies.

Author Year Country Type of
study

Case
number
(High/
Low)

Cut-
off

Scoring
method Method PD-L1

or PD1 Outcome
Follow-
up

(years)

NOS
Scores

Ha et al.
(31)

2016 Korea Retrospective
158 (58/
100)

5% H-score IHC PD-L1 OS
9.8

(median)
8

Lan et al.
(32)

2022 Japan Retrospective
158 (NR/

NR)
90% H-score IHC PD-L1 OS

2.9
(median)

8

Lu et al.
(22)

2019 China Retrospective
320 (99/
221)

5%(PD-
L1)

median
(PD1)

H-score IHC
PD-L1 and

PD1
OS, RFS

11
(maximum)

8

Tan et al.
(33)

2022 Germany Retrospective 45 (15/30) 1.4x10-6 IPS IF PD-1 OS, RFS NR 7

Tao et al.
(training)

(34)
2020 China Retrospective

214 (107/
107)

55% H-score IHC PD-L1
OS, TTR,

RFS
5

(maximum)
8

Tao et al.
(validation)

(34)
2020 China Retrospective

108 (54/
54)

55% H-score IHC PD-L1
OS, TTR,

RFS
5

(maximum)
8

Tian et al.
(35)

2020 China Retrospective
322 (80/
242)

NR NR IHC
PD-L1 and

PD1
OS

2.25
(median)

8

Yang et al.
(36)

2022 China Retrospective 81 (46/35) median H-score IHC PD1 OS, RFS
5

(maximum)
8

Yugawa
et al. (37)

2021 Japan Retrospective
100 (49/

51)
1% H-score IHC PD-L1 OS, RFS NR 7

Zheng et al.
(38)

2022 China Retrospective 99 (18/81) 2.56% H-score IHC PD-L1 RFS
10

(maximum)
8

Kim et al.
(39)

2021 Korea Retrospective 72 (18/54) 1 CPS IHC PD-L1 OS NR 7
front
NR, not reported; IHC, immunohistochemistry; ELISA, enzyme-linked immunosorbent assay; IPS, immune cell proportion score; CRS, combined positive score; PD-L1, programmed cell death
ligand 1; OS, overall survival; RFS, recurrence-free survival; TTR, time to relapse; NOS, Newcastle-Ottawa Scale.
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D

A

B

C

FIGURE 2

A forest plot of OS between low- and high-PD-L1 expression: (A) pooled OS by univariate analysis; (B) pooled OS by multivariate analysis. A forest
plot of OS between low- and high-PD1 expression: (C) pooled OS by univariate analysis; (D) pooled OS by multivariate analysis.PD-L1, programmed
cell death ligand 1; OS, overall survival; SE, standard error.
D

A

B

C

FIGURE 3

A forest plot of RFS between low- and high-PD-L1 expression: (A) pooled RFS in univariate analysis; (B) pooled RFS in multivariate analysis. A forest
plot of RFS between low- and high-PD1 expression: (C) pooled RFS in univariate analysis; (D) pooled RFS in multivariate analysis. RFS, recurrence-
free survival; PD-L1, programmed cell death ligand 1; SE, standard error.
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were symmetrical (Figures 7A–E). Egger’s test showed that all

P >0.1, indicating a low probability of publication bias.
4 Discussion

The high recurrence rate after surgical removal and low disease

control response to treatment for ICC have become a problem for

doctors and patients. This study is the first meta-analysis of the
Frontiers in Immunology 06
prognostic value of PD-L1 expression in patients with ICC. The

results showed the prognostic value of PD-L1/PD1 staining in ICC.

In our study, the OS of the low-PD-L1 group was 1.57 times

longer than that of the high group. This finding indicates that the

prognosis of patients with high PD-L1 levels is worse due to the

ability of PD-L1 to facilitate immune evasion (3). Interferon-g can
induce protein kinase D isoform, which can cause PD-L1

upregulation in various solid cancers, and inhibiting its activity

could suppress PD-L1 expression and promote an obvious
FIGURE 4

A forest plot of time to relapse between low- and high-PD-L1 expression. PD-L1, programmed cell death ligand 1; SE, standard error.
A

B

C

FIGURE 5

The subgroup analyses for PD-L1 expression related OS and RFS. (A) the subgroup analyses for PD-L1 expression related OS based on different cut-
offs, (B) the subgroup analyses for PD-L1 expression related OS based on different scoring methods, (C) the subgroup analyses for PD-L1 expression
related RFS based on cut-offs. NR, not reported.
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antitumor immune response (40). Moreover, the multivariate

analysis also showed that the OS of the low-PD-L1 group was

significantly different (HR, 1.96; P<0.0001), indicating that PD-L1

expression was an independent indicator of prognosis in patients

with ICC. This finding is consistent with the feature of PD-L1 as a

pro-tumorigenic factor (5).

The low-PD-L1 group also had statistically significant

advantages in RFS and TTR compared to the high-PD-L1 group

(HR, 1.74; P <0.00001 vs. HR, 1.60; P = 0.0002, respectively). These

findings confirmed that patients with high PD-L1 expression had

significantly higher recurrence rates than those with low PD-L1,

especially after curative resection. Multivariate analysis showed that

the RFS of the low-PD-L1 group was 1.74 times longer than that of

the high-PD-L1 group. This indicates that PD-L1 levels could act as

independent predictors of RFS and elevated recurrence. These

results may be correlated with the fact that PD-L1 is active and

maintains the proliferation of tumor cells (5). For example, the
Frontiers in Immunology 07
intrinsic pathway of PD-L1 promotes renal cell carcinoma

progression by inducing stem cell-like phenotypes in renal cancer

cells (41).

Furthermore, we analyzed the effect of PD1 expression on the

prognosis of ICC. The results showed that the OS and RFS of PD1

low levels were statistically significantly longer than those of high

levels (HR, 1.66; P = 0.006 vs. HR, 1.87; P = 0.005, respectively),

which illustrated that PD1 has potential prognostic value for ICC.

Multivariate analysis showed that PD1 also acted as an independent

predictor for the OS of ICC (HR, 1.87; P = 0.005). PD1 is mainly

expressed in activated immune cells as an inhibitor of innate

immune responses. PD1 regulates the immune microenvironment

by binding to PD-L1; therefore, in theory, PD1 has a similar

predictive effect to PD-L1 (42). However, no statistically

significant difference in RFS was observed in the multivariate

analysis (HR, 1.31; P = 0.23), indicating that PD1 was not an

independent predictor of RFS. Which is different from the
D E

A B C

FIGURE 6

Sensitivity analysis of the meta-analysis: (A) OS in PD-L1 expression; (B) RFS in PD-L1 expression; (C) TTR in PD-L1 expression; (D) OS in PD1
expression; (E) RFS in PD1 expression. PD-L1, programmed cell death ligand 1; OS, overall survival; RFS, recurrence-free survival.
FIGURE 7

Funnel plot of the meta-analysis: (A) OS in PD-L1 expression; (B) RFS in PD-L1 expression; (C) TTR in PD-L1 expression; (D) OS in PD1 expression;
(E) RFS in PD1 expression. PD-L1, programmed cell death ligand 1; OS, overall survival; RFS, recurrence-free survival; TTR, time to relapse.
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relationship between PD1 and RFS in other cancers, such as PD1

positivity was an independent predictor of RFS in renal cell

carcinoma (43). The number of infiltrated immune cells and the

limited number of trials that were included could change the results.

The correlation between PD1 expression and the RFS of ICC need

to be further explored in future studies.

Therefore, PD-L1/PD1 inhibitors can be used as effective target

medications for patients with ICC who exhibit PD-L1/PD1

overexpression. Zhu et al. reported that stage IIIB ICC could be

treated with neoadjuvant therapy with a PD1 inhibitor (44). PD-L1/

PD1 inhibitors combined with targeted therapy, chemotherapy, and

radiotherapy had a synergistic effect on ICC, which improved

disease control responses (24, 45, 46). PD-L1/PD1 inhibitors have

achieved good results in the treatment of advanced or neoadjuvant

ICC. We expect that this regimen could be utilized for patients with

ICC as a first-line treatment rather than a salvage treatment.

In order to exclude other factors, we conducted subgroup

analyses based on cut-offs and scoring methods. The results

showed that both them did not change the pooled results, which

is similar to some studies (47). For example, good overall

concordance on analytic performance was observed for two assays

(Dako 22C3 and Ventana SP263) with both scoring algorithms: the

combined positive score (CPS) and tumor infiltrating immune cells

(IC), but the SP 142 showed lower positivity rates, especially using

the CPS algorithm (48). So different scoring methods could still

affect the results. Besides, there were a similar correlation between

PD-L1 levels and survival in papillary thyroid carcinoma, PD-L1

expression was significantly associated with a reduced disease-free

survival (49). However, no association was found with the OS (49),

which is opposite to the results in ICC. Which may be related to the

different intensity of promoting cancer progression of PD-L1 in

different cancers. Based on the above, the influence of PD-L1

expression on tumor prognosis may vary with different IHC

assays, scoring methods and tumor types.

Our study has several limitations. First, due to a lack of data,

further subgroup analysis according to clinicopathological features

was not conducted. Second, because the majority of patients in our

study were from Asia, the results could not fully represent other

groups worldwide. Finally, the sample sizes of the included studies

were insufficient to conduct a good pooled analysis, especially for

PD1. Therefore, we expect that more valuable related trials will be

reported in the future.
5 Conclusion

The meta-analysis suggested that high-PD-L1 expression levels

predicted poorer OS, RFS, and TTR in patients with ICC. PD1

expression levels are also related to the prognosis of patients with

ICC. Moreover, both PD-L1 and PD1 were independent predictors

of OS, and PD-L1 was an independent predictor of RFS. Our results

indicate that PD-L1/PD1 has great potential as an effective

prognostic biomarker and therapeutic target in ICC.
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clinical translation of PD-1/PD-L1 blockade therapy in clear cell renal cell carcinoma.
Curr Urol Rep (2019) 20(1):1. doi: 10.1007/s11934-019-0866-8

42. Salmaninejad A, Khoramshahi V, Azani A, Soltaninejad E, Aslani S, Zamani
MR, et al. PD-1 and cancer: molecular mechanisms and polymorphisms.
Immunogenetics (2018) 70(2):73–86. doi: 10.1007/s00251-017-1015-5

43. Kang MJ, Kim KM, Bae JS, Park HS, Lee H, Chung MJ, et al. Tumor-infiltrating
PD1-positive lymphocytes and FoxP3-positive regulatory T cells predict distant
metastatic relapse and survival of clear cell renal cell carcinoma. Trans Oncol (2013)
6(3):282–9. doi: 10.1593/tlo.13256

44. Zhu S-G, Li H-B, Dai T-X, Li H, Wang G-Y. Successful treatment of stage IIIB
intrahepatic cholangiocarcinoma using neoadjuvant therapy with the PD-1 inhibitor
camrelizumab: a case report. World J Clin cases (2022) 10(27):9743–9. doi: 10.12998/
wjcc.v10.i27.9743

45. Xie L, Huang J, Wang L, Ren W, Tian H, Hu A, et al. Lenvatinib combined with
a PD-1 inhibitor as effective therapy for advanced intrahepatic cholangiocarcinoma.
Front Pharmacol (2022) 13:894407. doi: 10.3389/fphar.2022.894407
frontiersin.org

https://doi.org/10.1016/j.suc.2020.02.013
https://doi.org/10.1016/j.suc.2020.02.013
https://doi.org/10.1016/j.jhep.2019.10.009
https://doi.org/10.1016/j.immuni.2018.03.014
https://doi.org/10.1016/j.molmed.2014.10.009
https://doi.org/10.3389/fonc.2018.00386
https://doi.org/10.1093/annonc/mdv615
https://doi.org/10.1016/j.canlet.2019.02.022
https://doi.org/10.1111/cpr.12571
https://doi.org/10.1002/path.5280
https://doi.org/10.1016/j.tcb.2018.08.005
https://doi.org/10.1186/s12885-019-6276-y
https://doi.org/10.1016/j.jtho.2016.04.014
https://doi.org/10.2217/fon-2020-0683
https://doi.org/10.1097/CJI.0000000000000187
https://doi.org/10.1097/CJI.0000000000000187
https://doi.org/10.4143/crt.2016.066
https://doi.org/10.7150/thno.28742
https://doi.org/10.7150/jca.46158
https://doi.org/10.1371/journal.pone.0182692
https://doi.org/10.1136/jitc-2020-001638
https://doi.org/10.1080/2162402X.2021.1933332
https://doi.org/10.1080/2162402X.2021.1933332
https://doi.org/10.18632/oncotarget.15532
https://doi.org/10.7150/thno.36276
https://doi.org/10.7150/thno.36276
https://doi.org/10.2147/OTT.S288982
https://doi.org/10.2147/OTT.S288982
https://doi.org/10.3389/fimmu.2021.799822
https://doi.org/10.3389/fimmu.2021.799822
https://doi.org/10.2147/OTT.S250454
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1186/1745-6215-8-16
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.18632/oncotarget.12810
https://doi.org/10.1038/s41416-021-01569-6
https://doi.org/10.3390/cancers14092190
https://doi.org/10.3390/cancers14092190
https://doi.org/10.21037/tcr.2020.04.11
https://doi.org/10.21037/tcr.2020.04.11
https://doi.org/10.1186/s12957-020-02082-5
https://doi.org/10.1186/s12967-022-03342-6
https://doi.org/10.1038/s41379-020-00702-9
https://doi.org/10.1002/cncr.34552
https://doi.org/10.1159/000514404
https://doi.org/10.1038/bjc.2015.101
https://doi.org/10.1007/s11934-019-0866-8
https://doi.org/10.1007/s00251-017-1015-5
https://doi.org/10.1593/tlo.13256
https://doi.org/10.12998/wjcc.v10.i27.9743
https://doi.org/10.12998/wjcc.v10.i27.9743
https://doi.org/10.3389/fphar.2022.894407
https://doi.org/10.3389/fimmu.2023.1119168
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Xian et al. 10.3389/fimmu.2023.1119168
46. Liu Z-L, Liu X, Peng H, Peng Z-W, Long J-T, Tang D, et al. Anti-PD-1
immunotherapy and radiotherapy for stage IV intrahepatic cholangiocarcinoma: a case
report. Front In Med (2020) 7:368. doi: 10.3389/fmed.2020.00368

47. Marletta S, Fusco N, Munari E, Luchini C, Cimadamore A, Brunelli M, et al.
Atlas of PD-L1 for pathologists: indications, scores, diagnostic platforms and reporting
systems. J Pers Med (2022) 12(7):1073. doi: 10.3390/jpm12071073

48. Munari E, Querzoli G, Brunelli M, Marconi M, Sommaggio M, Cocchi MA,
et al. Comparison of three validated PD-L1 immunohistochemical assays in
Frontiers in Immunology 10
urothelial carcinoma of the bladder: interchangeability and issues related to
patient selection. Front In Immunol (2022) 13:954910. doi : 10.3389/
fimmu.2022.954910

49. Girolami I, Pantanowitz L, Mete O, Brunelli M, Marletta S, Colato C, et al.
Programmed death-ligand 1 (PD-L1) is a potential biomarker of disease-free survival in
papillary thyroid carcinoma: a systematic review and meta-analysis of PD-L1
immunoexpression in follicular epithelial derived thyroid carcinoma. Endocr Pathol
(2020) 31(3):291–300. doi: 10.1007/s12022-020-09630-5
frontiersin.org

https://doi.org/10.3389/fmed.2020.00368
https://doi.org/10.3390/jpm12071073
https://doi.org/10.3389/fimmu.2022.954910
https://doi.org/10.3389/fimmu.2022.954910
https://doi.org/10.1007/s12022-020-09630-5
https://doi.org/10.3389/fimmu.2023.1119168
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Prognostic value of programmed cell death ligand 1 expression in patients with intrahepatic cholangiocarcinoma: a meta-analysis
	1 Introduction
	2 Materials and methods
	2.1 Search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction
	2.4 Quality assessment
	2.5 Statistical analysis

	3 Results
	3.1 Selected studies
	3.2 Study characteristics and quality assessment
	3.3 OS
	3.4 RFS
	3.5 TTR
	3.6 Subgroup analysis for PD-L1 expression
	3.7 Sensitivity analysis
	3.8 Publication bias

	4 Discussion
	5 Conclusion
	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


