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Results: Across six studies (1739 patients), the pooled sensitivity for 18F-FDG

Received: 13 August 2020; PET/CT was 0.72 (95% CI: 0.58-0.82) with heterogeneity (I* = 90.9, P < 0.001)
Accepted: 2 September 2020. and a pooled specificity of 0.69 (95% CI: 0.64-0.74) with heterogeneity (F =779,

P < 0.001). Likelihood ratio (LR) syntheses gave an overall positive likelihood ratio
doi: 10.1111/1759-7714.13664 (LR +) of 2.3 (95% CIL: 1.8-2.9) and negative likelihood ratio (LR-) of 0.41 (95%

CL: 0.26-0.63). The pooled diagnostic odds ratio (DOR) was six (95% CI: 3-11).
Hierarchical summary receiver operating characteristic (ROC) curve indicated that
the area under the curve was 0.74 (95% CI: 0.70-0.78).

Conclusions: The current meta-analysis showed a moderate sensitivity and spec-
ificity of 18F-FDG PET/CT for the prediction of PD-L1 expression in NSCLC
patients. The DOR was low and the likelihood ratio scatter-gram indicated that
18F-FDG PET/CT might not be useful for the prediction of PD-L1 expression in
NSCLC patients and not for its exclusion.
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Key points

Significant findings of the study

The current meta-analysis showed a moderate sensitivity and specificity of 18F-FDG
PET/CT for the prediction of PD-L1 expression in NSCLC patients. The DOR was low
and the likelihood ratio scattergram indicated that 18F-FDG PET/CT might not be use-
ful for the prediction of PD-L1 expression in NSCLC patients and not for its exclusion.
What this study adds

This study concluded that the role of 18F-FDG PET/CT in predicting tumor
expression of PD-L1 should be further elucidated.
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Introduction

Internationally, lung cancer is by far the leading cause of
cancer-related mortality among both men and women." Based
on cell origin, the majority of lung cancers (about 85%) are
non-small cell lung cancer (NSCLC).> Recently, molecular
targeted therapies have dramatically improved the prognosis
of selected advanced-stage NSCLC patients with driver muta-
tions (eg, epidermal growth factor receptor [EGFR]-mutant,
anaplastic lymphoma kinase [ALK]-rearranged NSCLC).
However, these therapies are ineffective in the majority of
patients whose tumors lack genetic alterations.” Immune
checkpoint inhibitors (ICIs), such as programmed cell death
protein 1 (PD-1) or programmed cell death ligand 1 (PD-L1),
have become one of the most promising approaches in the
treatment for advanced NSCLC patients whose tumor does
not contain a driver mutation.*

Even though ICIs have dramatically changed the clinical
outcomes of advanced NSCLC,”” only a subset of patients
with NSCLC respond to ICIs. Thus substantial efforts are
ongoing to identify a biomarker of response to anti-PD-1/
PD-L1 immunotherapy. Although as a predictive biomarker
PD-L1 expression in NSCLC has limitations,'® PD-LI
expression in NSCLC is the only FDA approved biomarker
linked to specific PD-1/PD-L1 pathway blockade and
expected to predict a response to anti-PD-1/PD-L1 anti-
bodies."” Immunohistochemistry (IHC) is a useful predictive
biomarker to detect PD-L1 expression, but obtaining ade-
quate tumor tissue for PD-L1 staining is not available in
some patients. A functional noninvasive imaging modality
based on glucose metabolism, 18F-fluorodeoxyglucose posi-
tron emission tomography/computed tomography (18F-
FDG PET/CT) has become a standard modality for the
diagnosis, staging, and evaluation of treatment response in
NSCLC.'"" An association between glucose metabolism and
EGFR mutation and ALK rearrangement in NSCLC have
also been previously reported.'> '> However, the relation-
ship between glucose metabolism and PD-L1 expression in
NSCLC is not well known.

The purpose of our study was to perform a meta-
analysis of published data on the diagnostic performance
of 18F-FDG PET/CT for the prediction of PD-L1 expres-
sion in NSCLC patients, in order to provide more
evidence-based data and to address further studies in the
prediction of PD-L1 expression in NSCLC patients.

Methods

Data sources and search strategy

A structured approach was followed to identify the patient
population, interventions, comparators, outcomes, and
study design (PICOS criteria). The search strategy included
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both subject headings (MeSH terms) and keywords for the
target condition (non-small cell lung cancer), the imaging
techniques under investigation (18F-FDG PET/CT), and the
interventions (PD-L1 expression). We conducted electronic
English language literature searches of PubMed, Cochrane,
and Embase database from the earliest available date of
indexing through 30 April 2020. We also hand-searched the
reference lists of identified publications for additional stud-
ies. We used a search algorithm based on a combination of
terms: “PET” OR “positron emission tomography” OR
“positron emission tomography/computed tomography” OR
“positron emission tomography-computed tomography” OR
“PET-CT” OR “FDG” OR “Fluorodeoxyglucose” and” “Lung
neoplasms” OR “Lung cancer” OR “Non-small cell lung
cancer” OR “NSCLC” and’® “PD-L1”. For PubMed, the sea-
rch strategy comprised both free text search and usage of
Medical SubHeadings (MeSH). For Embase, free text search
and the Emtree Thesaurus were used in the current study.

Study selection

The inclusion criteria for relevant studies were as follows: 18F-
FDG PET or PET/CT had been used to predict PD-L1 expres-
sion in NSCLC patients; sufficient data to reassess sensitivity
and specificity of 18F-FDG PET or PET/CT for the prediction
of PD-L1 expression in NSCLC patients or absolute numbers
of true positive (TP), true negative (TN), false positive (FP),
and false negative (FN) data had been presented; and there
was no data overlap. Duplicated publications were excluded,
as were publications such as review articles, case reports, con-
ference papers, and letters, which did not contain the original
data. Two researchers independently reviewed titles and
abstracts of the retrieved articles, applying the above-
mentioned selection criteria. Articles were rejected if clearly
ineligible. The same researchers independently evaluated the
full-text of the included articles to determine their eligibility
for inclusion of the current review.

Data extraction and quality assessment

Information about basic study (authors, year of publica-
tion, and country of origin), study design (prospective or
retrospective), patients’ characteristics and technical
aspects were collected. Each study was analyzed to retrieve
the number of TP, TN, FP, and EN findings of 18F-FDG
PET or PET/CT for the prediction of PD-L1 expression in
NSCLC patients, according to the reference standard. Only
studies providing such complete information were finally
included in the meta-analysis. The overall quality of the
included studies in this review was critically appraised by
two authors independently, based on 15-item modified
Quality Assessment of Diagnostic Accuracy Studies
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Figure 1 Flow chart of the search for eligible studies on the diagnostic performance of 18F-FDG PET/CT for prediction of PD-L1 expression in NSCLC

patients.

found screening the references of these articles.”*”*” The
characteristics of the included studies are presented in
Table 1. The detailed procedure of study selection in the
current meta-analysis is shown in Fig 1.

Study description, quality, and
publication bias

We conducted all analyses based on per-patient data. After
excluding 23 patients with small cell lung cancer from two
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studies,”® *° there was a total of 1739 patients in the

included studies, with ages ranging from 30 to 89 years. A
total of 485 patients were male, and 435 patients were
female. Gender information were unavailable from two
studies.”* **> All studies enrolled patients retrospectively.
Four studies were from China.*> > 2% %7 A further two
studies were performed by Non-China investigators.** >
The median prevalence of PD-L1 (+) of the six studies
included was 37.15% with a range of 9.6% to 70.8%. The
median prevalence of adenocarcinoma of the six studies
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Figure 2 Results of Deeks's funnel plot of asymmetry test for publica-
tion bias. The nonsignificant slope indicates that no significant bias was
found. ESS; effective sample size (O) Study and (-—---- ) Regression Line.

selected was 82.85% with a range of 0% to 100%. The
median prevalence of smoking history of the included
studies was 66.8% with a range of 31% to 79.2%. All stud-
ies performed quantitative analysis of 18F-FDG PET/CT
for prediction of PD-L1 expression in NSCLC patients.
The principal characteristics of the six studies included in
the meta-analysis are included in Table 1. To assess a pos-
sible publication bias, Deeks’ funnel plot asymmetry tests
were designed. The nonsignificant slope indicates that no
significant bias was found. The P-value was 0.74 (Fig 2).

Methodological quality assessment

Figure 3 shows the risk of bias and applicability concerns
summary of the included studies and overall, the quality of
the included studies was deemed satisfactory.

Diagnostic performance of 18F-FDG PET/CT
for prediction of PD-L1 expression

The diagnostic performance results of 18F-FDG PET/CT
for the prediction of PD-L1 expression in NSCLC patients
are presented in Fig 4. The pooled sensitivity for 18F-FDG
PET/CT was 0.72 (95% CI: 0.58-0.82) with heterogeneity
(I =909, 95% CI: 85.2-96.6, P <0.001) and a pooled
specificity of 0.69 (95% CI: 0.64-0.74) with heterogeneity
(12 =779, 95% CI: 60.3-95.4, P < 0.001). Likelihood ratio
(LR) syntheses gave an overall positive likelihood ratio
(LR +) of 2.3 (95% CI: 1.8-2.9) and negative likelihood
ratio (LR-) of 0.41 (95% CI: 0.26-0.63). The pooled diag-
nostic odds ratio (DOR) was six (95% CI: 3-11). Forest
plots of the sensitivity and specificity 18F-FDG PET/CT
for the prediction of PD-L1 expression in NSCLC patients
are shown in Fig 4. Fig 5 shows hierarchical summary
receiver operating characteristic (ROC) curve and indicates
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that the areas under the curve was 0.74 (95% CI:
0.70-0.78).

Heterogeneity evaluation and meta-
regression analysis

Between-study heterogeneity was present for sensitivity
and specificity among studies of 18F-FDG PET/CT for pre-
diction of PD-L1 expression in NSCLC patients. A meta-
regression analysis was performed to explore other sources
of heterogeneity in the studies of 18F-FDG PET/CT. Meta-
regression showed that no definite variable was the source
of heterogeneity in the current meta-analysis (Table 2).

Likelihood ratio scatter-gram

Figure 6 shows the likelihood ratio scatter-gram which dis-
plays the summary point of likelihood ratios obtained as
functions of mean sensitivity and specificity in the right
lower quadrant suggesting that 18F-FDG PET/CT might
not be useful for prediction of PD-L1 expression in NSCLC
patients (when positive) and not for its exclusion (when
negative).

Discussion

Despite limitations, so far, PD-L1 expression by IHC is the
most common clinically detected biomarker for predicting
patient response to anti-PD-1/PD-L1 antibody.”® The cur-
rent meta-analysis showed moderate diagnostic perfor-
mance of 18F-FDG PET/CT for the prediction of PD-L1
expression in NSCLC patients.

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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Table 2 Effects of moderators
Variables Coefficient* SE DOR 95% Cl of DOR pr*
Smoker proportion, % (>66.8 vs. <66.8) —0.244 0.5283 0.78 0.00 644.74 0.7245
Adenocarcinoma proportion, % (>82.85 vs. <82.85) -0.093 0.4641 0.91 0.00 331.55 0.8739
PD-L1 (+), % (>37.15 vs. <37.15) -1.270 0.5492 0.28 0.00 301.36 0.2599

“Regression coefficient. ““P-value of random effect meta-regression using maximum likelihood estimation (ML) between study variances and the
weighted least squares of study size for regression model estimation. Smoker proportion, % (1, >66.8 vs. 0, <66.8); Adenocarcinoma proportion, %
(1, >82.85 vs. 0, <82.85); PD-L1 (+), % (1, >37.15 vs. 0, £37.15). Cl, confidence interval; DOR, diagnostic odds ratio; SE, standard error.

The present
included six studies, comprising a total of 1739 patients
with NSCLC who all had undergone preoperative 18F-
FDG PET/CT followed by surgical resection. All included
studies retrospectively analyzed the diagnostic performance
of 18F-FDG PET/CT for the prediction of PD-L1 expres-
sion in NSCLC patients. Overall, methodological quality of
included studies was satisfactory. Meta-analytically, 18F-
FDG PET/CT for the prediction of PD-L1 expression in
NSCLC patients showed that sensitivity, specificity, positive
likelihood ratio, negative likelihood ratio, and DOR of 18F-
FDG PET/CT were 0.72 (95% CIL: 0.58-0.82), 0.69 (95%
CL: 0.64-0.74), 2.3 (95% CIL: 1.8-29), 041 (95% CI:
0.26-0.63), and six (95% CI: 3-11), respectively. In addi-
tion, the area under the ROC curve was 0.74, suggesting
moderate performance.

Previous studies have reported that mammalian target of
rapamycin (mTOR) complex 1 activity affects the value of

systematic review and meta-analysis

Thoracic Cancer 11 (2020) 3260-3268

FDG uptake in lung cancer,” and the activation of protein
kinase B (AKT) -mTOR pathway increases the expression
of PD-L1 in lung cancer.”® These findings suggest that a
correlation between high FDG uptake and PD-L1 expres-
sion may share the activation of the AKT-mTOR pathway.
Further study regarding the mechanism of association
between FDG uptake and PD-L1 expression in NSCLC is
needed.

The current meta-analysis showed a considerable hetero-
geneity of sensitivity and specificity between studies. The
included studies were statistically heterogeneous in their
estimates of sensitivity and specificity. This heterogeneity is
likely to arise through diversity in methodological aspects
between different studies and the basic differences among
the patients in the included studies may have contributed
to the observed heterogeneity of the results too. Also, a
major limitation was the considerable heterogeneity of cut-
off values of SUV,,, of 18F-FDG PET/CT for the

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd. 3265
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Figure 5 Hierarchical summary receiver operating characteristic
(HSROC) curves of 18F-FDG PET/CT for prediction of PD-L1 expression
in NSCLC patients (O) Observed data, (#) Summary Operating point
SENS = 0.72 (0.58-0.82) SPEC = 0.69 (0.64-0.74), (——) SROC Curve
AUC = 0.74 (0.70-0.78), (——) 95% Confidence Contour, and (------ )
95% Prediction Contour.

definition of a positive PET scan in included studies. Also,
studies included in this meta-analysis used different defini-
tion for positivity of PD-LI protein expression. Four stud-
ies used the cutoff value of 5% for defining PD-L1
positivity?> > *” and another two studies used 1% for posi-
tivity.”* 2® Immunohistochemical analysis were performed
using different methods to determine PD-L1 expression.
Different PD-L1 monoclonal antibodies from different ven-
dors (clone SP 142, dilution 1:100; Spring Bioscience, Ven-
tana, Arizona, USA),** 2° (clone SP 142, dilution 1:300;
OriGene Technologies, Maryland, USA),*' (clone 28-8,
Abcam, Cambridge, UK),¥ and (clone 28-8, pharmDx,
California, USA)** were used in the studies. One study did
not clarify the antibody used for immunohistochemical
analysis.”® Another concern is interobserver variability for
assessing PD-L1 expression. Seven pathologists indepen-
dently evaluated the PD-L1 expression from 55 resected
lung cancer tissue with five PD-L1 assays (28-8 from two
different vendors, 22C3, SP142, and SP263) to investigate
interrater variation.’® In this study, using >1% stained
tumor cells as cutoff for a positive test, up to 20% of the
cases were differently classified as positive or negative by
any pathologist. When this challenge is overcome by longer
assay experience and cutoff optimization, more evident
data can be obtained. To minimize bias in the selection of
studies and in the data extraction, reviewers who were
blinded to the journal, author, institution, and date of pub-
lication independently selected articles based on the inclu-
sion criteria, and scores were assigned to study design
characteristics and examination results by using a stan-
dardized form that was based on the QUADAS?2 tool. Also,
publication bias is a major concern in all meta-analyses as
studies reporting significant findings are more likely to be
published than those reporting nonsignificant results. We
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Figure 6 Likelihood ratio scatter-gram of 18F-FDG PET/CT for predic-
tion of PD-L1 expression in NSCLC patients. LUQ: Exclusion & Confir-
mation, LRP> 10, LRN < 0.1, RUQ: Confirmation Only, LRP> 10,
LRN > 0.1; LLQ: Exclusion Only, LRP < 10, LRN < 0.1, RLQ: No Exclusion
or Confirmation, LRP < 10, LRN > 0.1; (®) Summary LRP & LRN for
Index Test With 95% Confidence ntervals.

assessed the publication bias in our analysis by using fun-
nel plots which showed no definite asymmetry.

In the absence of oncogene addiction (eg, EGFR muta-
tion, ALK or ROSI1 translocation), ICI monotherapy or
combination with cytotoxic chemotherapy has moved
from the second-line to the first-line setting in patients
with advanced NSCLC with all levels of PD-L1 expres-
sion. For patients with unresectable stage III NSCLC,
concurrent chemoradiotherapy followed by durvalumab,
anti-PD-L1 monoclonal antibody has shown a significant
improvement in three-year OS rates, demonstrating the
long-term clinical benefit.>* However, at the present time,
we do not know whether adjuvant or neoadjuvant ICIs
will benefit patients with localized resectable NSCLC in
terms of disease-free and, ultimately, overall survival.”?
Several phase 3 studies of adjuvant and neoadjuvant
immunotherapy are still underway. Since IHC for PD-L1
expression was performed with surgically resected lung
cancer from solely stage I to III in all studies included in
this meta-analysis, our analysis does not have any stage
IV NSCLC which currently benefit from treatment with
ICIs. Another issue for anti-PD-L1 therapeutic strategies
is discordances of PD-L1 expression between surgically
resected specimens and small biopsies of NSCLC
patients.>® Only half of the small biopsy specimens
showed a correlation of PD-L1 expression between lung
biopsies and corresponding resected tumors.

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.



H.Y. Seol et al.

The current meta-analysis showed moderate sensitivity
and specificity of 18F-FDG PET/CT for the prediction of
PD-L1 expression in NSCLC patients. Furthermore, the
DOR was low and the likelihood ratio scatter-gram indi-
cated that 18F-FDG PET/CT might not be useful for the
prediction of PD-L1 expression in NSCLC patients and not
for its exclusion. Therefore, the role of 18F-FDG PET/CT
for predicting tumor expression of PD-L1 should be fur-
ther elucidated, and well designed clinical studies should
also address these associations.

In conclusion, the predictive value of 18F-FDG PET/CT
for PD-L1 expression in NSCLC patients were not satisfac-
tory. 18F-FDG PET/CT might not be useful for the predic-
tion of PD-LI1 expression in NSCLC patients and not for
its exclusion. Therefore, cautious application and interpre-
tation should be paid to the 18F-FDG PET/CT for the pre-
diction of PD-L1 expression in NSCLC patients.
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