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Introduction

While resection of early stage non-small cell lung cancer 
(NSCLC) presents the best opportunity for meaningful 
long-term survival and cure, there remains significant risk 
of cancer recurrence for 30–40% of operable patients (1,2). 

Efforts to improve post-surgical outcomes using adjuvant 
chemotherapy have only been marginally effective for 
selected patients, and for those patients whose cancers do 
recur prognosis is generally bleak (3,4). It is therefore of 
great clinical consequence that we identify biomarkers that 
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can predict surgical outcomes for NSCLC, and which could 
also potentially determine which patients would be most 
likely to benefit from additional systemic therapy. 

Programmed death-ligand 1 (PD-L1) is one such 
promising biomarker. Upon expression on the surface of 
cancer cells, PD-L1 interacts with its receptor PD-1 to 
suppress T cell activation (5). As a result, the tumor is able 
to escape the anti-tumor immune response (6). PD-L1 
tumor expression has been associated with poor prognosis 
in a variety of solid tumors, including lung cancer (7); these 
results, however, require further validation. It remains 
unknown, for example, if PD-L1 can be used to predict 
survival in early-stage, surgically treated cancers. PD-L1 is 
also a validated target for immune checkpoint inhibition; 
select advanced lung cancers treated with this form of 
immunotherapy will have dramatic and durable responses 
(8,9). Tumors with high PD-L1 expression may benefit 
from immune checkpoint inhibition to prevent recurrence 
after surgical resection, although the predictive value of 
PD-L1 for neoadjuvant and adjuvant immunotherapy 
efficacy is still under investigation (10). 

Here we conduct a meta-analysis to evaluate the 
association between PD-L1 tumor expression and 
overall survival (OS) in early-stage NSCLC in the hope 
of validating the use of PD-L1 as a clinical predictor 
of survival. Furthermore, to address the heterogeneity 
of measurement of PD-L1 expression, we stratified the 
analysis according to different PD-L1 positive vs. negative 
expression cutoffs, to assess whether a more conservative 
cutoff impacts the prognostic value of PD-L1. We also 
performed sensitivity analyses based on antibody type, 
stage, and histology. We present the following article in 
accordance with the PRISMA Reporting Checklist (available 
at http://dx.doi.org/10.21037/tlcr-19-638).

Methods

Search strategy 

We conducted a systematic literature search of the National 
Library of Medicine database to identify all original, 
retrospective observational studies reporting on the 
association between PD-L1 tumor expression and OS for 
NSCLC patients. The following keywords were included in 
the search strategy: “PD-L1”, “lung cancer” and “survival”, 
similar to our previous work (11). There were no date 
restrictions, and the search was finalized in May of 2019. 
The cited references of each study were also reviewed and 

evaluated for eligibility. Reported PD-L1 level was the 
exposure of interest and OS the outcome of interest. 

Selection criteria

Articles eligibility assessment was performed in 2 stages. 
Articles were first screened for relevancy within the 
scope of the project by independent review of the titles 
and abstracts conducted by two different reviewers (ST 
and DS). Those articles that met eligibility qualification 
then underwent further scrutiny through full text review 
to ensure they met all established eligibility criteria. 
Disagreements in screening and selection were adjudicated 
by group consensus at each stage involving a third reviewer 
(ET). Studies were considered eligible for inclusion in this 
systematic review if they reported on: (I) human subjects, (II) 
stage I–III NSCLC patients, (III) at least 10 patients, (IV) 
follow-up of at least 4 years. Additionally, articles needed to 
assess PD-L1 tumor expression with a positive vs. negative 
cutoff value, either 1%, 5%, 50% staining or an H-score, 
and to use PD-L1 expression to predict OS. 

Data extraction

Relevant descriptive information was extracted from each 
study to create a standardized tabular summary, including 
author, year of publication, number of patients, PD-L1 
cutoff value, the proportion of patients with high PD-
L1 expression, sex, tumor stage and histology. OS data 
was extracted as a hazard ratio (HR) and 95% confidence 
interval (CI). For study quality analysis, we utilized a 
modified version of the Center for Disease Control and 
Prevention’s Quality Assessment Tool for Observational 
Cohort and Cross-Sectional Studies (https://www.nhlbi.
nih.gov/health-topics/study-quality-assessment-tools), with 
the highest score possible being 11. Scoring was assessed 
independently by two reviewers (ST and DS), and the 
average quality scores is reported in Table 1. A breakdown of 
the quality assessment is provided in Table S1. 

Statistical methods

A meta-analysis was conducted using a linear mixed-effects 
model to determine the meta-estimate of the average 
effect for OS (52). The presence of heterogeneity across 
studies was tested with the Q statistics and I2, with I² >50% 
representing a high degree of heterogeneity (53). The 
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results of the meta-analyses were graphically summarized 
using forest plots. Funnel plots were used to investigate 
publication bias, and can be found in the Supplementary 
Materials. The metafor package of R Studio software is 
a composite of functions designed for conducting meta-
analyses (54), and was used for this analysis (version 3.2.2; R 
Foundation for Statistical Computing, Vienna, Austria) (54). 

Overall and subgroup meta-analyses 

In the overall analysis of all 40 eligible articles, there were 
5 articles that reported results for multiple PD-L1 cutoff 
values, the cutoff of 50% was the preferentially chosen, 
being the most commonly used. Articles were then assessed 
according to specific PD-L1 cutoffs (1%, 5%, 50% or 
H-score). A number of sensitivity analyses were also 
performed; (I) According to antibody clonal type (rabbit 
monoclonal), (II) by stage (stage I–II), and (III) by histology 
(adenocarcinoma and squamous cell carcinoma, assessed 
separately). Articles using rabbit monoclonal antibodies 
were assessed independently; this antibody type was chosen 
as rabbit antibodies are the most commonly used, with 
monoclonal antibodies being the “gold standard” over 
polyclonal antibodies due to their increased specificity and 
batch-to-batch reproductivity (55). Stage I–IIIA patients 
subgroup analysis was performed because some stage III 
patients (stage IIIB specifically) would have undergone 
surgery likely for palliative and not curative reasons. Lastly, 
we stratified the studies reporting only adenocarcinoma or 
squamous cell patients to get a better idea if histology is 
associated with PD-L1 in the tumor microenvironment. 

Role of the funding source

The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for the 
decision to submit for publication.

Results

The PubMed search yielded 779 potential articles that 
were identified and screened for relevance, 636 of which 
did not meet the scope of this study’s aims. The full text of 
the remaining 143 were reviewed; of these 40 were found 
to be eligible, accounting for 10,380 patients [see Figure 1 
for Preferred Reporting Items for Systematic Reviews and T
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Meta-analyses (PRISMA) guidelines]. Publication years 
ranged from 2012–2019. The average quality score was 7/11, 
with a range of 6–7 and a standard deviation of 1 (Table 1).  
For these 40 studies, PD-L1 positivity was associated with 
an increased risk of death (HRmeta =1.53; 95% CI, 1.26–1.83), 
although there was significant heterogeneity (I2=36.59; 
Q=61.50, P=0.0123) (Figure 2). Funnel plots did not suggest 
any publication bias (Figure S1). 

1% PD-L1 cutoff

There were 12 studies that reported on PD-L1 positivity 
using a 1% cutoff, accounting for 4,262 unique patients. 

Positive PD-L1 tumor expression was associated with worse 
OS summary estimates (HRmeta =1.59; 95% CI, 1.17–2.17). 
Study heterogeneity was low and not statistically significant 
(I2 =13.22%; Q=12.68, P=0.3150) (Figure 3). The funnel 
plot was not suggestive of publication bias (Figure S2). 

5% PD-L1 cutoff

13 studies utilized a 5% staining intensity as a positive vs. 
negative cut off, representing 1,987 unique patients. With 
this alternative cut off, positive PD-L1 tumor expression 
was found to be associated with worse OS (HRmeta =1.44; 
95% CI, 1.03–2.00). There was not statistically significant 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart for search selection strategy. 
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heterogeneity between studies (I2 =12.71%; Q=13.75, 
P=0.3172), nor evidence of publication bias (Figure 4;  
Figure S3).

50% PD-L1 cutoff

A more stringent cut off value of 50% was used in 9 studies, 
accounting for 3,289 unique patients. Positive PD-L1 
expression was associated with worse OS (HR meta =1.52; 
95% CI, 1.02–2.25). The heterogeneity between studies 
was greater, though not statistically significant (I2 =24.21%; 
Q=10.56, P=0.2282) (Figure 5). No publication bias was 
observed (Figure S4). 

H-scores

There were 14 studies that used H-scores to quantify 
PD-L1 tumor expression; these studies accounted for  
2,487 patients. Even when using H-scores, positive PD-
L1 tumor expression was associated with worse outcomes 
(HRmeta =1.34; 95% CI, 1.04–1.73). Study heterogeneity was 
not statistically significant (I2 =21.65%; Q=16.59, P=0.2186); 
the funnel plot did appear to suggest publication bias  
(Figure 6; Figure S5).

Studies using rabbit monoclonal antibody

The majority of studies (60%, n=6,604) used some brand of 

Figure 2 Overall survival (OS) according to PD-L1 tumor expression; n: 10,380.
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Figure 3 Overall survival (OS) according to PD-L1 tumor expression (1% cutoff); n: 4,262.

Figure 4 Overall survival (OS) according to PD-L1 tumor expression (50% cutoff); n: 1,987.
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Figure 5 Overall survival (OS) according to PD-L1 tumor expression (50% cutoff); n: 3,289.

Figure 6 Overall survival (OS) according to PD-L1 tumor expression (H-score); n: 2,487. 
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Figure 7 Overall survival (OS) according to PD-L1 tumor expression (Rabbit Monoclonal Antibody); n: 6,604.

rabbit monoclonal PD-L1 antibody, as reported in Table 1. 
In the analysis of this subset of studies, PD-L1 expression 
was positively correlated with worse survival (HRmeta =1.57; 
95% CI, 1.24–1.99). There was, however, statistically 
significant heterogeneity (I2 =39.65%; Q=38.11, P=0.0248) 
between studies, but little evidence of publication bias 
(Figure 7; Figure S6).

Stage I–II patients

Seven (n=698) of the included studies reported on patients 
with disease stage I–II. Among these, PD-L1 positive 
tumors were associated with impaired survival (HRmeta =1.98 
95% CI, 1.00–3.94). There was large but not statistically 
significant heterogeneity between studies (I2 =45.42%; 
Q=10.99, P=0.0886), with some suggestion of publication 
bias (Figure 8; Figure S7).

Histology

Some studies were limited to patients with a specific 
NSCLC histological type; 9 studies (n=2,439) reported 
HRs for patients with adenocarcinoma and 5 (n=539) 

studies reported for patients with squamous cell carcinoma. 
For adenocarcinoma, there was a statistically significant 
relationship between high PD-L1 and mortality (HRmeta 

=1.79; 95% CI, 1.09–2.93). There was some heterogeneity 
between studies but this was not statistically significant 
(I2=44.94%; Q=38.11, P=0.0879), but no publication 
bias. Among squamous cell patients, those with positive 
PD-L1 tumors appeared to have worse survival (HRmeta 

=1.48; 95% CI, 0.81–2.70) but these results were not 
statistically significant. There did not appear to be any 
significant heterogeneity between these studies (I2 =28.80%; 
Q=5.62, P=0.2295), but some evidence of publication bias  
(Figures 9,10; Figures S8,S9, respectively).

Discussion

In the present study we show that PD-L1 tumor expression 
is associated with worse overall survival in early-stage 
NSCLC patients. By addressing this question using a 
meta-analysis we had the methodological advantage of 
overcoming the limitation of smaller sample sizes of 
individual studies. This is especially important given that 
the frequency of PD-L1 positive NSCLC tumors in a 
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Figure 8 Overall survival (OS) according to PD-L1 tumor expression (Stage I–II); n: 698.

Figure 9 Overall survival (OS) according to PD-L1 tumor expression (Adenocarcinoma); n: 2,439.
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sample is known to vary greatly, between 20–54% (56). We 
observed similar variations in positive PD-L1 expression 
frequency in the studies included in our meta-analysis. Such 
variation may be in part due to the limitations of measuring 
PD-L1 expression using immunohistochemistry (IHC), 
the intra-tumor heterogeneity of PD-L1 expression, the 
fact that time to fixation in formaldehyde can modify the 
level of PD-L1 expression, and the wide variety of PD-L1 
antibodies, which may differ in their affinity for PD-L1, and 
may recognize different epitopes (57). 

Our results are consistent with other meta-analyses 
investigating the prognostic impact of PD-L1 tumor 
expression in NSCLC, all of which have found PD-L1 
positivity to be inversely associated with survival (58-62). 
However, this is the first meta-analysis to focus only on 
resectable NSCLC tumors, and to exclude studies with 
tumors of patients diagnosed with metastatic disease. Our 
results are therefore an important contribution to literature 
and show that PD-L1 tumor expression may be useful in 
predicting which early-stage NSCLC patients are at highest 
risk of worse survival. Future research should take our work 

further by evaluating PD-L1 tumor expression at the time 
of surgery and assessing subsequent survival. 

Moreover, we are the first study to investigate differences 
in reported PD-L1 cutoff values. Studies utilizing IHC are 
known to make use of different positive thresholds (1% to 
50%), and sometimes go even further than just staining 
percentage by integrating staining intensity (H-score), yet 
the biological significance and clinical outcomes of utilizing 
these different parameters is unexplored (57). Our results 
indicate that regardless of how PD-L1 positivity is defined, 
PD-L1 tumor expression is indicative of worse survival in 
early-stage NSCLC.

This association between PD-L1 positivity and 
worse OS was seen in sensitivity analyses stratified by 
antibody type, stage, and histology. For those studies 
using rabbit monoclonal antibody, stage I–II patients, and 
adenocarcinoma this association was statistically significant. 
Among studies including squamous cell cancer, PD-L1 
positive tumors were associated with worse survival, but 
this result was not statistically significant. Future research 
will be needed to investigate whether there is something 

Figure 10 Overall survival (OS) according to PD-L1 tumor expression (Squamous Cell Carcinoma); n:539.
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biologically unique about PD-L1 positive squamous cell 
tumors or if this was an artifact due to the small pooled 
sample size of these studies. There are a few limitations 
of this study; this is a meta-analysis of published data, 
and as such does not allow for adjustment for clinically 
important confounders. Most importantly we do not know 
and could not account for the possible additional medical 
treatment of the patients included in the analysis, as the 
level of PD-L1 expression is known to be modulated by 
anti-cancer therapies including radiotherapy, chemotherapy 
and targeted therapy (57). There are few published 
studies reporting on cancer recurrence as the endpoint, 
and thus this re-analysis of published data could not be 
performed, but only the association between PD-L1 and 
OS could be studied. We recommend that studies should be 
conducted on disease-free survival of early-stage NSCLC 
patients based on PD-L1 expression. As mentioned, this 
analysis includes available published studies, which are 
all retrospective in nature, with the exposure of interest 
measured retrospectivity; however, due to the biological 
nature of the exposure (PD-L1 levels) and its method of 
assessment (IHC staining) there is no concern over recall 
bias or reverse causality. The included studies were, none-
the-less, overall quantified as low quality, with the average 
quality score of 7/11. Failure to report specific inclusion 
and exclusion criteria as well as failure to blind researchers 
to the exposure status of study participants were the two 
most problematic quality criteria not met. Moreover, 
most studies did not assess the role of PD-L1 levels using 
multiple cutoffs. Future analyses looking at PD-L1 as a 
biomarker should take these quality measures into account, 
which would in turn strengthen any future meta-analyses 
on this topic. Lastly, although there did not appear to 
be significant heterogeneity among the studies included 
in our analyses, we cannot exclude publication bias for 
some cut off measures (H-score), and this may impact the 
results. However, we observed that PD-L1 was associated 
with worse survival across multiple sensitivity analyses, 
suggesting that this is a true association and not the result 
of bias or unmeasurable confounders. 

Furthermore, it should be noted that PD-L1 expression 
is highly dynamic in the tumor microenvironment, and 
varies based on tumor-host immune cell interactions (63).  
The biological mechanisms by which PD-L1 tumor 
expression varies, be they epigenetic, metabolomic, or 
cytokine-related, and the consequent effects on PD-L1 
prognostic value warrants future study. 

The utility of PD-L1 expression may extend beyond 

its use in identifying patients at greatest risk of recurrence 
and death. PD-L1 expression is an important marker of 
treatment response to PD-L1/PD-1 immune checkpoint 
inhibition (64,65). Therefore, early-stage NSCLC patients 
with positive PD-L1 expression measured in their resected 
tumor samples may be ideal candidates for adjuvant 
immunotherapy. The value of adjuvant immunotherapy for 
NSCLC is still being investigated in the clinical trial setting, 
but such research should address how effective PD-L1 
expression is in predicting adjuvant immunotherapy efficacy. 

Conclusions

PD-L1 appears to be a strong prognostic biomarker for 
early-stage NSCLC survival, and should be the focus of 
future research, especially in regards to how feasible it is to 
use as a predictive biomarker for adjuvant immunotherapy. 
PD-L1 can be quickly, easily, and cheaply measured 
in tumor samples removed during surgery, and so may 
represent an optimal tool reducing mortality from NSCLC. 
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Figure S1 Funnel plot of studies all cutoffs. Figure S2 Funnel plot of studies reporting the 1% PD-L1 cutoff. 

Supplementary 

Table S1 Study quality Assessment Criteria 

Assessment criteria # (%) of Studies that met this criteria^

1) Was the research question or objective in this paper clearly stated? 40 (100%)

2) Was the study population clearly specified and defined? 40 (100%)

3) Were all the subjects selected or recruited from the same or similar populations (including the 
same time period)? Were inclusion and exclusion criteria for being in the study prespecified and 
applied uniformly to all participants?

20 (50%)

4) Was a sample size justification, power description, or variance and effect estimates provided? 40 (100%)

5) For the analyses in this paper, were the exposure(s) of interest measured prior to the 
outcome(s) being measured?

0 (0%)

6) Was the timeframe sufficient so that one could reasonably expect to see an association 
between exposure and outcome if it existed?

40 (100%)

7) For exposures that can vary in amount or level, did the study examine different levels of the 
exposure as related to the outcome (e.g., categories of exposure, or exposure measured as 
continuous variable)?

6 (15%)

8) Were the exposure measures (independent variables) clearly defined, valid, reliable, and 
implemented consistently across all study participants?

40 (100%)

9) Were the outcome measures (dependent variables) clearly defined, valid, reliable, and 
implemented consistently across all study participants?

40 (100%)

10) Were the outcome assessors blinded to the exposure status of participants? 0 (0%)

11) Were key potential confounding variables measured and adjusted statistically for their 
impact on the relationship between exposure(s) and outcome(s)?

29 (73%)

Our study quality assessment was based on a modified version of the Center for Disease Control and Prevention’s Quality Assessment 
Tool for Observational Cohort and Cross-Sectional Studies, which can be found at https://www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools. ^, percentages out of the 40 total included studies in our meta-analysis.
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Figure S3 Funnel plot of studies reporting the 5% PD-L1 cutoff. 

Figure S4 Funnel plot of studies reporting the 50% PD-L1 cutoff. 

Figure S5 Funnel plot of studies reporting the H-score.

Figure S6 Funnel plot of studies using rabbit monoclonal 
antibody.
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Figure S7 Funnel plot of studies stage I–II only.

Figure S8 Funnel plot of studies histology adenocarcinoma. 

Figure S9 Plot of studies histology squamous cell carcinoma. 
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