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Abstract

N

Background: Programmed cell death ligand 1 (PD-L1), which is highly expressed in a variety of malignant tumors, is closely related \
to clinicopathological features and prognosis. However, there are few studies on the potential effects of PD-L1 on thyroid carcinoma,
the incidence of which has shown an upward trend worldwide. This study aimed to explore the association between PD-L1
expression and clinicopathological features and prognosis of thyroid cancer.

Methods: An elaborate retrieval was performed using Medline, PubMed, Cochrane Library, EMBASE, Web of Science, WanFang
databases, and China National Knowledge Infrastructure to determine the association between PD-L1 expression and disease-free
survival (DFS), overall survival (OS), and clinicopathological features in patients with thyroid cancer. Study selection, data extraction,
risk assessment, and data synthesis were performed independently by 2 reviewers. In this meta-analysis, RevMan 5.3 and Stata 15.1
were used for bias risk assessment and data synthesis.

Results: After a detailed search, 2546 cases reported in 13 articles were included in this meta-analysis. The outcomes revealed that
high expression of PD-L1 in patients with thyroid cancer was associated with poor DFS (hazard ratio [HR]=3.37, 95% confidence
interval [Cl] 2.54-4.48, P < .00001) and OS (HR=2.52, 95% CI: 1.20-5.32, P=.01). High PD-L1 expression was associated with
tumor size >2 cm, tumor recurrence, extrathyroidal extension, concurrent thyroiditis, unifocal tumor, and absence of psammoma
body (P < .05). Subgroup analysis showed that positive expression of PD-L1 was related to poor prognosis for DFS of non-medullary
thyroid carcinoma, and the overexpression of PD-L1 in differentiated thyroid carcinoma (DTC) was related to tumor recurrence,
concurrent thyroiditis, extrathyroidal extension, unifocal DTC, late stage DTC, and BRAFY6°F mutation in DTC.

Conclusion: PD-L1 is a significant predictor of prognosis and malignancy of thyroid cancer (especially DTC), and PD-L1 inhibitors
may be a promising therapeutic option for refractory thyroid cancer in the future.

Abbreviations: ATC = anaplastic thyroid carcinoma, Cl = confidence interval, DFS = disease-free survival, DTC = differentiated
thyroid carcinoma, FTC = follicular thyroid carcinoma, HR = hazard ratio, IHC = immunohistochemistry, MAPK = mitogen-activated
protein kinase, MTC = medullary thyroid carcinoma, NOS = Newcastle-Ottawa Quality Assessment Scale, OR = odds ratio, OS =
overall survival, PD-1 = programmed cell death receptor 1, PD-L1 = programmed cell death ligand 1, PDTC = poorly differentiated
thyroid carcinoma, PTC = papillary thyroid cancer, TNM = tumor-nodes-metastases.
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1. Introduction

For nearly 30years, there has been an upward trend in the
incidence of thyroid cancer in different parts of the world.['! The
global incidence of thyroid cancer among women was approxi-
mately 5.1% in 2018, ranking fifth in the global cancer incidence
among women."”! Thyroid cancer includes differentiated thyroid
carcinoma (DTC), poorly DTC (PDTC), anaplastic thyroid
carcinoma (ATC), and medullary thyroid carcinoma (MTC).
MTC originates from parafollicular thyroid cells, whereas all
other thyroid cancers originate from thyroid follicular epithelial
cells. Since ionizing radiation has been used in medical
applications for the diagnosis and treatment of diseases, the
doses to which patients have been exposed are increasingly
higher, and an increase in the mean out-of-field dose is related to
field size, depth, energy, etc. This has led to an increase in the
incidence of cancers such as thyroid cancer.**! MTC occurs in
1% to 2% of cases of thyroid cancers.”) DTC is the most
common type thyroid cancer, accounting for 90% of all thyroid
cancers; papillary thyroid carcinoma (PTC) and follicular thyroid
carcinoma (FTC) account for 80% and 10% of thyroid cancers,
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respectively.!® The incidence of PDTC is 2% to 15%,!” and its
morphology and clinical behavior are usually between those of
DTC and ATC. ATC is the most malignant and rare form of
thyroid cancer (incidence, 1%).1! The routine treatments for
thyroid cancer include hormone suppression therapy, surgery,
and radioiodine therapy. The 10-year survival rate of radio-
iodine-refractory patients is approximately 19%,!®! and the
survival of patients with ATC is worse; moreover, 50%! of
patients with ATC die after onset. Therefore, a new method to
predict the prognosis and malignancy of thyroid cancer has
become a hot topic in clinical research.

At present, programmed cell death ligand 1 (PD-L1)is used as a
prognostic marker in melanoma, non-small cell lung carcinoma,
breast carcinoma, and other cancers. PD-L1 is widely expressed
in dendritic cells, T cells, B cells, macrophages, vascular
endothelial cells, islet cells, and a variety of tumor cells.*!
Programmed cell death receptor 1 (PD-1), the receptor of PD-L1,
is an essential immunosuppressive molecule that is expressed in a
variety of immune cells including monocytes, regulatory T cells,
CD4" T cells, CD8" T cells, B cells, natural killer cells, dendritic
cells, and antigen presenting cells."®'" Under pathological
conditions, tumor antigens stimulate PD-1 expression in immune
cells, and PD-L1 of tumor cells binds to PD-1; this inhibits the
function of the immune system and weakens the anti-tumor
immune response of the body, leading to the immune escape of
tumor and promoting the proliferation and development of
tumor cells.!"?! Numerous studies!'*'* have shown that PD-L1
expression in a variety of malignant tumors is closely related to
the clinicopathological features and prognosis of cancers. The
Food and Drug Administration has approved the use of anti-PD-
1/PD-L1 monoclonal antibodies for the treatment of melanoma,
non-small cell lung cancer, urothelial carcinoma, and other
cancers.

The association between PD-L1 expression and thyroid cancer,
as well as the clinical characteristics and prognosis of thyroid
cancer, remains unclear. In this study, a meta-analysis was
performed to determine the association between PD-L1 expres-
sion and thyroid cancer to provide clinicians with insights into the
development of new drugs for the treatment of thyroid cancer.
Relative to the meta-analysis conducted in 2018,M°! this meta-
analysis assessed the association between PD-L1 expression and
overall survival (OS); relative to the meta-analysis conducted in
2020, the relationship between PD-L1 expression and tumor
bipartition, stromal calcification, psammoma body, and capsular
invasion were evaluated in this meta-analysis.

2. Materials and methods

2.1. Ethics statement

Because the data from this meta-analysis were based on previous
studies, this study did not require ethical approval or patient
consent.

2.2. Search strategy

Articles were systematically selected by 2 researchers (W-BY and
D-PY) independently from EMBASE, Web of Science, Medline,
PubMed, Cochrane Library, WanFang databases, and China
National Knowledge Infrastructure from the date of establish-
ment of the databases to May 2020. The keywords used were
“programmed death-ligand 1” and “thyroid neoplasm” or their
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derivations and different combinations. Moreover, references to
the relevant literature were carefully checked to include more
potential articles.

2.3. Inclusion and exclusion criteria
2.3.1. Inclusion criteria for the meta-analysis.

(1) Subjects: Patients with thyroid cancer, regardless of age, sex,
ethnicity, or nationality.

(2) Research method: Positive expression of PD-L1 was set as the
inclusion criteria for the experimental group, and negative
expression of PD-L1 for the control group. The diagnostic
method for thyroid cancer was pathology. The expression of
PD-L1 in thyroid cancer was demonstrated by immunohis-
tochemistry (IHC).

(3) Outcome indicators: Disease-free survival (DFS) or OS.

(4) Clinicopathological indicators: Age, sex, tumor size, recur-
rence, tumor—-nodes—metastases (TNM) stage, extrathyroidal
extension, capsular invasion, lymphovascular invasion,
multifocality, concurrent thyroiditis, psammoma body,
calcification, BRAFY®?E| or laterality.

2.3.2. Exclusion criteria for the meta-analysis.

(1) The subject of the study was not human.

(2) Without original data (such as reviews, meta-analyses, letters,
case reports, meeting abstracts, expert consensus, or critical
articles).

(3) Duplicate literature and literature that did not contain
relevant data (pathological characteristics and prognosis of
thyroid cancer).

(4) Low-quality articles: Newcastle-Ottawa Scale (NOS) score
<4.

2.4. Literature screening and data extraction

All researchers received complete instructions for a systematic
review. Two researchers (W-BY and D-PY) completed the
literature study independently in accordance with established
inclusion and exclusion procedure. The differences in results of
the 2 researchers were resolved through joint discussion of
literature. In cases of disagreement, a third researcher (D-WL)
solved the problem. The following data were extracted: basic
information including first author, country, publication year,
sample size, median age, positive rate of PD-L1, cutoff value of
PD-L1, and positive judgment; clinicopathological features
including age at diagnosis (>45 or <45years), sex (male or
female), tumor size (>2 or <2cm), recurrence (positive or
negative), TNM stage (stages II-IV or I-II), extrathyroidal
extension (positive or negative), capsular invasion (positive or
negative), lymphovascular invasion (positive or negative), multi-
focality (multifocal or solitary), thyroiditis (present or absent),
psammoma body (present or absent), calcification (present or
absent), BRAFV*°F (mutated or wild type) and laterality
(unilateral or bilateral distribution), and number of positive
and negative clinical signs of PD-L1 induced to investigate the
relationship between PD-L1 and clinical endpoints; and outcome
indicators including DFS and OS, and hazard ratio (HR) with the
corresponding 95% confidence interval (CI) were extracted to
evaluate the relationship between PD-L1 expression and DFS and
OS. When relevant data were unavailable, we obtained the
information from the first or corresponding authors.
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2.5. Quality assessment

Two researchers (W-BY and D-PY) independently evaluated the
quality of the selected articles using the NOS. Differences were
resolved by consultation or discussion with a third researcher (D-
WL). The NOS consists of 8 projects divided into 3 main sections:
selection of random checks, comparability of groups, and
identification of related results. The full score of NOS was 9
points: 7 or more points were classified as high-quality literature,
4 to 6 as medium-quality literature, and 0 to 3 as low-quality
literature.

2.6. Statistical analysis

Statistical analysis was performed using RevMan 5.3 (Copenha-
gen: The Nordic Cochrane Centre, 2014) and STATA (Stata-
Corp, College Station, TX, USA) analysis software, and the
association between PD-L1 expression and DFS, OS, and
clinicopathological features was evaluated by calculating the
pooled HRs or odds ratios (ORs) with 95% Cls. Subgroup
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analysis was implemented based on the type of thyroid cancer
and the source of countries. Heterogeneity across studies was
evaluated using the O-test, and the results were expressed as I*
and P values. If P<.10 and I*>50%, there was apparent
heterogeneity among the studies. In this case, a random-effects
model was applied, and sensitivity analysis and Galbraith graph
were used to determine the heterogeneous sources; otherwise, a
fixed-effects model was employed. Publication bias was evaluated
by adopting the funnel plot, Egger test, and Begg test, and the
final results were subjected to Egger test if they were different.
Differences were considered statistically significant at P <.05.

3. Results

3.1. Literature search and study selection

The flowchart in Fig. 1 shows the article selection process by the 2
independent researchers. In the first group, 716 articles were
extracted, 564 of which were repetitive or unqualified and were
excluded. During abstract screening, we found that 123 articles

Records identified through database searching
PubMed, EMBASE, Cochrane Library, Medline,
Web of science, China National Knowledge
Infrastructure, WanFang

(n=716)

l

Additional records
identified through other
sources
(n=0)

A\ 4

articles
(n=152)

Records after removing duplicates or ineligible

Records excluded for: Non-

Records screened
(n=152)

human experiment, review, meta-
analysis, letter, case report,
meeting abstract, expert
consensus or critical article

A 4

A 4

(n=123)

(n=29)

Full-text articles assessed
for eligibility

Full-text articles
excluded for: low-quality study,
Insufficient data
(n=16)

A 4

(n=13)

Articles included in
qualitative synthesis

A 4

n=13)

Articles included in
quantitative synthesis
(meta-analysis)

Figure 1. Flow diagram of article selection.
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General information of included studies.

Sample Detection No. of PD-L1 Cut-off value
First author (year) Country size Age Tumor type method  positive (%) of PD-L1 Outcome NOS
Aghajani (2017)1'") Australia 75 51 (24-83) PTC IHC 50 (66.7%)  Allred scores >1 DFS 7
Shi (201727 China 260 46 6 (14-80) PTC IHC 136 (52.3%)  Staining score >6 RFS 7
Shi (2019)®! China 201 49 (12-80) MTC IHC (14 4%)  CPS >1 SRFS 6
Ahn (2017)019 Korea 407 43 8 (16-81)  PTC, FTC, PDTC, ATC IHC 7 (6.6%)  >1% threshold DFS 6
Chintakuntlawar (2017)%  USA 16 58 (37-83) ATC IHC (37 5%)  Tumor cells >33% DFS, 08 8
Zhou (2019)% China 85 NM FTC IHC 7 (671%) NM NM 5
Cunha (2013)° Brazil 293 43 6 DTC HC 244 (83.3%)  Allred scores >1 DFS 6
Chowdhuryl” 2016)"  Canada 185 45 (18-85) PTC IHC 123 (66.5%)  Cytoplasm score >4.5 DFS 7
Chowdhuryz* (2016)[24] Canada 185 45 (18-85) PTC IHC 74 (40.0%)  Plasma membrane score >2.1  DFS 7
AghajanH (2019)[ Australia 101 47.0 (20-80) PTC IHC 60 (59.4%)  Serum sPD-L1 >0.37ng/mL NM 7
Aghajani2 (2019)"8 Australia 101 47.0 (20-80) PTC HC 61 (60.4%) Plasma sPD-L1 >0.19ng/mL  DFS 7
Aghajani3 (2019)[18 Australia 101 47.0 (20-80) PTC HC 49 (48.5%)  Serum sPD-L1 >0.48ng/mL  NM 7
Aghajani4” (2019)"8 Australia 101 47.0 (20-80) PTC HC 61 (60.4%) Plasma sPD-L1 >0.21ng/mL  NM 7
Rosenbaum (2018)°! USA 28 64.9 (14-86) PDTC HC 7 (25.0%)  H-score threshold >5 DFS,0S 6
Bi (2019)%? China 87 47 (21-73)  MTC IHC 19 (21.8%)  >1% threshold DFS, 08 6
Bai (2017)2" China 126 NM PTC IHC 67 (53.2%) Diffuse cytoplasmic staining NM 6
Bai (2018)2% China 110 NM PTC IHC 51 (46%)  Diffuse cytoplasmic staining NM 6

ATC =anaplastic thyroid carcinoma, DTC = differentiated thyroid carcinoma, FTC = follicular thyroid carcinoma, IHC =immunohistochemistry, MTC = medullary thyroid carcinoma, NM = not-mentioned, PDTC =
poorly differentiated thyroid carcinoma, PTC=npapillary thyroid cancer, RFS =recurrence-free survival, SRFS = structural recurrence-free survival.

Chowdhury 201624 includes 2 studies (Chowdhury1 2016, Chowdhury2 2016) according to the cut-off value for PD-L1 in the cytoplasm and membrane, and Aghajani 2019U"® includes 4 (Aghajani1 2019,
Aghajani2 2019, Aghajani3 2019, Aghajani4 2019) studies according to the cut-off value for PD-L1 in the serum and plasma.

included non-human experiments, evaluations, meta-analyses,
letters, case reports, or conference abstracts and were excluded;
16 articles were excluded due to poor quality or insufficient data.
The remaining 13 articles'"”2°! were included in our analysis.

3.2. Tumor characteristics in studies

A total of 137291 relevant articles (include 2546 cases) were
extracted through detailed exclusion and inclusion criteria.
However, these articles included 17 studies in total because
Chowdhury et al®¥ included 2 studies according to the cut-off
value for PD-L1 in the cytoplasm and membrane and Aghajani
et al"® included 4 studies according to the cut-off value for PD-
L1 in the serum and plasma. Among the 17 studies, 8 recorded the
survival outcomes of patients with thyroid cancer,17-18:22-26:2%1
and all studies recorded pathological characteristics.”>*! The
tumor types in 8 articles were DTC,17:18:20:21,2425,27.291 5 (e re
PDTC or ATC,1?32%1 2 were MTC,*>?% and 1 was PTC + FTC +

PDTC + ATC.["!"Table 1 summarizes the features of the included
studies.

3.3. Quality assessment

According to the NOS, the studies were generally of medium
quality, with a mean NOS score of 6.5 (range, 5-8), the quality
score of 5 articles!!718:23:24271 (9 gtudies) was 7 to 8, which were
considered high quality, and that of 8 articles!!?2%2%-26:28:291 (g
studies) was 5 to 6, which were considered medium quality. The
final quality assessment of the included studies is presented in
Table 1.

3.4. PD-L1 expression can be used as a biomarker to
predict DFS

Seven articles!'”-18:22724:26:271 (8 stydies) provided HRs and 95%
CIs of DFS in thyroid cancer. As shown in Fig. 2, no obvious

Hazard Ratio Hazard Ratio
Study or Subgrou| log[Hazard Ratio SE Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Aghajani 2017 0.3818553 0.569281 6.5% 1.47([0.48, 4.47] — T e—
Aghajani2 2018 0.665776 06010343 58% 1.95[0.60,6.32) =
Bi 2018 0.3435897 0.6432961 51% 1.41[0.40, 4.98] e fre—
Chintakuntlawar 2017 1.111858 0.6339048 5.2% 3.04[0.88,10.53] n
Chowdhuryl 2016 1.536867 0.2621988 30.6% 4.65(2.78,7.77) ==
Chowdhury2 2016 1.408545 02493207 33.9% 4.09[251,6.67) =
Rosenbaum 2018 0.8272409 0.866044 2.8% 2.29[0.42, 1249]
Shi 2017 1.038508 0.4588882 10.0% 2.82[1.15, 6.94] e ——
Total (95% Cl) 100.0% 3.37 [2.54, 4.48] <>
Heterogeneity: ChiF= 7.30, df= 7 (P = 0.40);, F= 4% =n o1 0=1 1=n mu:

Test for overall effect: Z=8.37 (P < 0.00001)

Figure 2. Forest plot describing the association between PD-L1 and disease-free survival (DFS) of thyroid cancer. PD-L1

Favours PD-L1 positive Favours PD-L1 negative
=programmed cell death ligand 1.
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bi 2019 1.276363 07346579 26.8% 3.58[0.85,15.11] ———
Chintakuntlawar 2017 1.313724 07649173 24.7% 3.72(0.83, 16.66] e
Rosenbaum 2018 05341514 05460635 485% 1.71[0.59, 4.97] —
Total (95% Cl) 100.0% 2.52[1.20,5.32] e
Heterogeneity: Chi#= 1.00, df= 2 (P = 0.61); F=0% =n 01 n"1 1’0 100’

Testfor overall effect Z=2.43 (P=0.01)

Favours PD-L1 positive Favours PD-L1 negative

Figure 3. Forest plot describing the association between PD-L1 and overall survival (OS) of thyroid cancer. PD-L1=programmed cell death ligand 1.

heterogeneity was observed in these studies (*=4%, P=.40),
and the fixed-effects model was implemented. The results
revealed that positive PD-L1 expression was related to a decrease
in DFS in patients with thyroid cancer (HR=3.37,95% CI: 2.54-
4.48, P <.00001), and the difference was statistically significant.

3.5. PD-L1 expression can be applied as a biomarker to
predict OS

Three articles!?>*>2¢! (3 studies) provided HRs and 95% Cls of
OS in patients with thyroid cancer. As shown in Fig. 3, there was
no evident heterogeneity among these 3 articles (I>=0%,
P=.61), and the fixed-effects model was implemented. The
meta-analysis revealed that positive PD-L1 expression was
related to reduced OS in patients with thyroid cancer (HR=
2.52, 95% CI: 1.20-5.32, P=.01), and the difference was
statistically significant. However, the study on OS only includes 3
articles, which may affect the final result; therefore, a higher
number of studies with more patients is required for clarifying the
role of PD-L1 in OS.

3.6. Relationship between PD-L1 and clinical pathology of
thyroid cancer

Thirteen articles!*” 2" (17 studies) provided the effect of positive
and negative expression of PD-L1 on the clinicopathological

features of patients with thyroid cancer. The results are presented
in Table 2. The results revealed that PD-L1 overexpression was
associated with tumor size >2 cm, tumor recurrence, extrathyr-
oidal extension, concurrent thyroiditis, absence of psammoma
body, and unifocal tumor (P <.05); however, PD-L1 expression
was not related to age, sex, TNM stage, capsular invasion,
lymphovascular  invasion, calcification, laterality, and
BRAFY*?°" mutation (P>.05).

3.6.1. Age. Six articles'”"'"2127:2% (g studies) provided the

effect of positive or negative expression of PD-L1 on the age of
patients with thyroid cancer.. There was no evident heterogeneity
among these 6 studies (I?=0%, P=.77), and the fixed-effects
model was applied. According to the meta-analysis, there was no
significant relationship between the age of patients and thyroid
cancer (HR=0.85, 95% CI: 0.63-1.13, P=.27).

3.6.2. Gender. Twelve articles!!”1820-23:25-291 (15 studies)
reported sex differences among patients with thyroid cancer with
positive or negative expression of PD-L1. There was some
heterogeneity among these 15 studies (I*=56%, P=.004), and
the random-effects model was applied. The meta-analysis showed
that the expression of PD-L1 was not associated with sex of patients
with thyroid cancer (HR=1.13, 95% CI: 0.78-1.65, P=.52).

3.6.3. Tumor size. Eight articles?”212527281 (11 studies)
provided the effect of positive or negative expression of PD-L1

The results of meta-analysis in thyroid cancer.

Heterogeneity Publication bias
No. of HR/OR, Significance Funnel
Parameters studies Groups 95% Cl (Pvalue) P (%) P Effect model plot Begg Egger
DFSl17:18.22-2426.27) 8 - 3.37 (2.54, 4.48)  <.00001 4 40 Fixed Symmetry 0.266 0.007
0512223.26] 3 - 2.52 (1.20, 5.32) .01 0 61 Fixed Symmetry 0.296 0.045
Agel!7+19-2127.29] 6 >45 or <45 0.85 (0.63, 1.13) 27 0 77 Fixed Symmetry 0.024 0.031
Gender!'718:20-23,25-29] 15 Male or female 1.13 (0.78, 1.65) 52 56 .004 Random  Symmetry 0.882 0.888
Tumor sizel! 7212527281 11 >20m or <2cm 1.32 (1.03, 1.69) 03 0 54 Fixed Symmetry 1.000 0.238
Recurrence!'71927) 3 Positive or negative 1.92 (1.13, 3.26) .02 0 59 Fixed Symmetry 0.296 0.655
TNM stagel'8-2428:29 12 =V or I 1,57 (0.78, 3.14) 21 85 <.00001  Random  Symmetry 0.222 0.380
Extrathyroidal extension'’ 2125281 12 Positive or negative 161 (1.24, 2100 .0003 10 35 Fixed Symmetry 0.337 0.580
Capsular invasion!!8-22:24 7 Positive or negative 0.83 (0.33, 2.08) 69 83 <.00001  Random  Symmetry 0.453 0.545
Lymphovascular invasion('”+18:281 6 positive or negative 1.10 (0.73, 1.66) 65 30 21 Fixed Symmetry 0.573 0.353
Multifocality!7—22:24-29) 15 Multifocal or unifocal 0.75 (0.61, 0.94) 01 0 66 Fixed Symmetry 0.729 0.482
Thyroiditis!”~192124-29 14 Present or absent 1.41 (1.10, 1.80) .007 27 17 Fixed Symmetry 0.511 0.629
Psamomma body®:2"+29) 3 Present or absent 0.34 (0.21, 0.55)  <.0001 0 97 Fixed Symmetry 1.000 0.646
Stromal calcification’2%2"2) 3 Present or absent 0.87 (0.56, 1.36) 54 17 30 Fixed Symmetry 1.000 0.591
BRAF6%F mutationl'®-2" 3 Mutated or wild type 1.83 (0.82, 4.09) 14 59 09 Random  Symmetry 1.000 0.922
Bilateral distribution(?228! 2 Unilateral or bilateral distribution 0.83 (0.43, 1.60) 58 0 44 Fixed Symmetry 1.000 —

TNM =tumor-nodes-metastases.
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on tumor size of patients with thyroid cancer. There was no
evident heterogeneity among these 11 studies (I>=0%, P=.54),
and the fixed-effects model was used. According to the meta-
analysis, PD-L1 overexpression was associated with tumor size
>2cm (HR=1.32, 95% CIL: 1.03-1.69, P=.03), and the
difference was statistically significant.

3.6.4. Recurrence. Three studies!'”'*?”! (3 studies) provided

the effect of positive or negative expression of PD-L1 on tumor
recurrence in patients with thyroid cancer. There was no evident
heterogeneity among these 3 studies (I*=0%, P=.59), and the
fixed-effects model was implemented. The meta-analysis showed
that PD-L1 overexpression had a relationship with tumor
recurrence of thyroid cancer (HR=1.92, 95% CI: 1.13-3.26,
P=.02), and the difference was statistically significant.

3.6.5. TNM stage. Nine articles!'82*2%2%1 (12 studies) provided
the effect of positive or negative expression of PD-L1 on the TNM
stage of patients with thyroid cancer. There was some
heterogeneity among these 12 studies (I>=85%, P <.00001),
and the random-effects model was applied. According to the
analysis, PD-L1 was not significantly associated with TNM shield
installation (HR=1.57, 95% CI: 0.78-3.14, P=.21).

3.6.6. Extrathyroidal extension. Nine articles!!’21-2>7281 (12

studies) provided the effect of positive or negative expression of
PD-L1 on extrathyroidal extension in patients with thyroid
cancer. There was no evident heterogeneity among these 12
studies (I*’=10%, P=.35), and the fixed-effects model was
implemented. The meta-analysis revealed that PD-L1 over-
expression was related to the extrathyroidal extension of thyroid
cancer (HR=1.61, 95% CI: 1.24-2.10, P=.0003), and the
difference was statistically significant.

3.6.7. Capsular invasion. Three articles!*®*>?* (7 studies)
provided the effect of positive or negative expression of PD-L1 on
the capsular invasion in patients with thyroid cancer. There
was some heterogeneity among these 7 studies (I*=83%,
P<.00001), and the random-effects model was applied. The
meta-analysis revealed that PD-L1 expression was not associated
with capsular invasion of thyroid cancer (HR=0.83, 95% CL:
0.33-2.08, P=.69).

3.6.8. Lymphovascular invasion. Three articles!!”!%28! (¢

studies) provided the effect of positive or negative expression
of PD-L1 on lymphovascular invasion in patients with thyroid
cancer. There was no evident heterogeneity among these 6 studies
(I*=30%, P=.21), and the fixed-effects model was implemented.
The meta-analysis showed that PD-L1 expression was not related
to the lymphovascular invasion of thyroid cancer (HR=1.10,
95% CI: 0.73-1.66, P=.65).

3.6.9. Multifocality. Eleven articles!'”2%2*281 (15 studies)
provided the effect of positive or negative expression of PD-L1
on tumor multifocality of patients with thyroid cancer. There was
no evident heterogeneity among these 15 studies (I*=0%,
P=.66), and the fixed-effects model was implemented. The meta-
analysis revealed that PD-L1 overexpression was related to the
unifocal tumors of thyroid cancer (HR=0.75, 95% CI:
0.061-.94, P=.01), and the difference was statistically signifi-
cant.

3.6.10. Thyroiditis. Ten articles™ 71?2122 (14 studies) pro-
vided the effect of positive or negative expression of PD-L1 in
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thyroid cancer complicated with thyroiditis. There was no
heterogeneity among these 14 studies (I*=27%, P=.17), and the
fixed-effects model was implemented. Meta-analysis indicated
that high PD-L1 expression was related to thyroid cancer. (HR =
1.41, 95% CI: 1.10-1.80, P=.007), and the difference was
statistically significant.

3.6.11. Psammoma body. Three articles®*?%*°1 (3 studies)
provided the effect of positive or negative expression of PD-L1 on
the thyroid cancer-associated psammoma body. There was no
evident heterogeneity among these 3 studies (I*=0%, P=.97),
and the fixed-effects model was implemented. The meta-analysis
revealed that PD-L1 overexpression was related to the absence of
the psammoma body in patients with thyroid cancer (HR =0.34,
95% CI: 0.21-.55, P <.0001), and the difference was statistically
significant.

3.6.12. Stromal calcification. Three articles?®*'?°! (3 studies)

provided the effect of positive or negative expression of PD-L1 on
thyroid cancer-associated stromal calcification. There was no
evident heterogeneity among these 3 studies (I?=17%, P=.30),
and the fixed-effects model was applied. The meta-analysis
showed that PD-L1 expression was not related to stromal
calcification of thyroid cancer (HR=0.87, 95% CI: 0.56-1.36,
P=.54).

3.6.13. BRAFY®F mutation. Three studies"*'! (3 studies)
provided the effect of positive or negative expression of PD-L1 on
BRAFV¢%E mutation in thyroid cancer. There was some
heterogeneity among these 3 studies (I*=59%, P=.09), and
the random-effects model was applied. The meta-analysis showed
that PD-L1 expression was not related to BRAFY°E mutation in
thyroid cancer (HR=1.83, 95% CI: 0.82-4.09, P=.14).

3.6.14. Bilateral distribution. Two articles?>?®! (2 studies)
provided the effect of positive or negative expression of PD-L1 on
the unilateral and bilateral distribution of MTC. There was no
evident heterogeneity among these 2 studies (I*=0%, P=.44),
and the fixed-effects model was implemented. The meta-analysis
revealed that PD-L1 expression was not related to the unilateral
and bilateral distribution of MTC (HR=0.83, 95% CI: 0.43—
1.60, P=.58).

3.7. Subgroup analysis

Positive PD-L1 expression was related to poor DFS of DTC
(HR=3.61, 95% CI: 2.66-4.90, P=.00001) and DPTC + ATC
(HR=2.75,95% CI: 1.01-7.50, P=.05). No distinct correlation
was observed between PD-L1 expression and DFS of MTC
(HR=1.41,95% CI: 0.40-4.98, P=.59). Overexpression of PD-
L1 in DTC was related to tumor recurrence, concurrent
thyroiditis, extrathyroidal extension, unifocal DTC, late stage
of DTC, and BRAFY®’E mutation in DTC; however, this
correlation was not observed with age, sex, tumor size, capsular
invasion, lymphovascular invasion, stromal calcification, and
psammoma body of DTC. Subgroup analysis for bilateral
distribution was not performed because this study only included
MTC.

Subgroup analysis based on tumor origin confirmed that PD-
L1-positive expression was related to poor DFS of thyroid cancer
in the United States (HR: 2.75, 95% CI: 1.01-7.50, P=.05),
China (HR=2.23, 95% CI: 1.07-4.65, P=.03), and Canada
(HR=4.35, 95% CI: 3.05-6.19, P=.00001). There was no
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Figure 4. (A) Galbraith heterogeneity source analysis for sex: the source of heterogeneity in sex are the studies of Aghajani1 2019, Aghajani3 2019, and Bai 2017;
B, Galbraith heterogeneity source analysis for TNM stage, the source of heterogeneity in TNM stage may be the studies of Chowdhury1 2016, Chowdhury2 2016,

and Zhou 2019. TNM=tumor-nodes-metastases.

relationship between PD-L1 expression and DFS of thyroid
cancer in Australia (HR=1.68, 95% CI: 0.75-3.77, P=.21).

3.8. Heterogeneity analysis

The results of the O-test demonstrated that there was statistical
heterogeneity in sex, TNM stage, capsular invasion, and
BRAFV®?%E mutation (I*>50%, P<.10); a random-effects
model was employed in these studies, and no significant
heterogeneity in statistics was found. Galbraith heterogeneity
source analysis was performed for the 4 studies with heterogene-

ity. As shown in Fig. 4A, the source of heterogeneity in sex might
be the studies conducted by Aghajanil 2019, Aghajani3 2019,
and Bai 2017; after the deletion of these 3 studies, the
heterogeneity decreased significantly (?=35%, P=.11), con-
firming that these 3 studies were the sources of heterogeneity.
Then, the fixed-effects model was employed for sex, and the
results presented no noticeable change (OR=1.11, 95% CI:
0.86-1.44, P=.42), indicating that the original findings were
reliable. As shown in Fig. 4B, the source of heterogeneity in TNM
stage may be the studies conducted by Chowdhuryl 2016,
Chowdhury2 2016, and Zhou 2019; after the deletion of these 3
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studies, the heterogeneity decreased significantly (I*=0%,
P=.56), confirming that these 3 studies were the sources of
heterogeneity. Then, the fixed-effects model was applied, and
the results showed no significant change (OR=1.17, 95% CL:
0.86-1.60, P=.31), indicating that the original findings were
reliable. For capsular invasion and BRAFY®°F mutation, the
Galbraith diagram could not identify the source of heterogeneity,
which might be because of the small number of included
articles. In addition, the difference between the sources of
PD-L1 (e.g., membrane or cytoplasm), positive cutoff value, and
types of PD-L1 clones in different studies may have affected the
outcomes.

Medicine

3.9. Sensitivity analysis

Sensitivity analysis was implemented by eliminating studies one
by one using Statal5.1 to determine whether a single study could
alter the integral results of DFS and OS. The results showed that
no single study had a profound impact on the overall results, thus
indicating that the analysis was relatively credible and stable
(Fig. SA and B).

3.10. Publication bias

We inspected publication bias using Egger and Begg tests, and the
results are shown in Table 2. Egger and Begg tests indicated that

> estimates

Aghajani

Chintakuntiawar

j-effects estimates (¢

Chintakuntlawa

(exponential form)

xponential form)

Figure 5. (A) Sensitivity analysis of DFS in thyroid cancer, individual study had little influence on the final disease-free survival (DFS); B, Sensitivity analysis of overall
survival (OS) in thyroid cancer, individual study had little influence on the final OS.




Wan et al. Medicine (2021) 100:14

there might have been publication bias in DFS, OS, and age.
Therefore, these results still require further research to demon-
strate their correctness.

4. Discussion

The PD-1/PD-L1 pathway exerts a negative effect on tumor
immunoreaction, which can help tumor cells escape immune
system surveillance by promoting T cell apoptosis and inhibiting
lymphocyte and T cell proliferation, leading to poor prognosis of
tumors. PD-L1 is abnormally expressed in many malignant
tumors and can be used as a prognostic marker for malignancy.
However, the association between PD-L1 expression and thyroid
cancer prognosis remains controversial. The research by Shi
et al?®! demonstrated that thyroid cancer with late TNM stage,
tumor size >2cm, and positive lymph node metastasis showed
high expression of PD-L1, and the expression of PD-L1 was not
related to patients’ sex, extrathyroidal extension, concurrent
thyroiditis, multifocality, and lymphovascular invasion. The 5-
year recurrence-free survival of negative and positive expression
of PD-L1 were 85.4% and 57.9%, respectively (P=.001). In
contrast, another study concluded that PD-L1 expression was
significantly associated with extrathyroidal extension, concur-
rent thyroiditis, and lymphovascular invasion but not with
multifocality, TNM stage, and lymph node metastasis, and there
was no association between the increase in PD-L1 expression and
the decrease in DFS (P=.266).""

According to the findings of this meta-analysis, PD-L1
appeared to be a biomarker to evaluate survival outcomes of
patients with thyroid cancer, suggesting that patients with higher
expression of PD-L1 had poor DFS and OS (P <.05), and there
was no evident heterogeneity among studies of DFS and OS. The
results on DFS are consistent with those reported in 2 previous
meta-analyses,!'>!¢! Subgroup analysis showed that a positive
PD-L1 expression was associated with a poor DFS for DTC and
DPTC + ATC, and there was no heterogeneity; however, this
correlation was not found between PD-L1 expression and DFS of
MTC. In general, the positive expression of PD-L1 was closely
related to follicular epithelial thyroid cancer. In other words, the
positive expression of PD-L1 seems to indicate that the type of
thyroid cancer originates from thyroid follicular epithelial cells.
Lin et al®! reported that acting at a cell surface receptor on
plasma membrane integrin avf3, thyroxine produced by thyroid
follicular epithelial cells stimulates intracellular accumulation of
PD-L1 in cancer cells and induces downstream signaling
pathways that promote tumor cell proliferation, such as
mitogen-activated protein kinase (MAPK)/extracellular signal
regulated kinase and phosphatidylinositol-3-kinase/protein ki-
nase B pathways, which can promote PD-L1 overexpression. Our
results on OS differ from those of Girolami study!'®);
unfortunately, our study on OS only included 3 articles, which
may have affected the final result. Therefore, a large number of
studies with more patients are needed to clarify the association
between PD-L1 expression and OS.

This meta-analysis also showed that high PD-L1 expression
was associated with tumor size >2cm, tumor recurrence,
extrathyroidal extension, concurrent thyroiditis, absence of
psammoma body, and unifocal thyroid cancer (P<.05), and
there was no apparent correlation between PD-L1 expression
and age, sex, TNM stage, capsular invasion, lymphovascular
invasion, stromal calcification, bilateral distribution, or
BRAFYF mutation (P>.05). According to the pooled data,
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overexpression of PD-L1 was more significantly associated with
advanced tumors, lymphovascular invasion, and BRAFY%0E
mutation, although not statistically significant; these findings
might provide valuable insights for future clinical work.
Subgroup analysis was performed according to different types
of thyroid cancer and showed that positive PD-L1 expression in
DTC was related to tumor recurrence, concurrent thyroiditis,
extrathyroidal extension, unifocal DTC, late stage of DTC, and
BRAFY%E mutation in DTC; however, no correlation was
observed with age, sex, tumor size, capsular invasion, lympho-
vascular invasion, stromal calcification, and psammoma body of
DTC. In many experiments, the relationship between PD-L1
expression and BRAFY®?%E remains controversial. BRAFV6%E
tumors more often express high levels of PD-L1 compared with
BRAF wild-type tumors (53% vs 12.5%), as reported by Angell
et al.B! The research by Brauner et al’®?! demonstrated that
compared with BRAFY®?°E wild type, BRAFY*“E_mutated
patients had a higher level of PD-L1 mRNA (P=.015). However,
few studies"*3! reported the opposite conclusion that PD-L1
expression was not related to BRAF mutations. In our meta-
analysis, overexpression of PD-L1 in DTC was more significant in
patients with BRAFY°F mutation, which should be further
verified to determine whether there is an association with other
types of thyroid cancer. Relative to the meta-analysis in 2020,!'¢!
our meta-analysis assessed the relationship between PD-L1
expression and bilateral tumor distribution, stromal calcification,
psammoma body, and capsular invasion. The absence of
psammoma bodies was also associated with the overexpression
of PD-L1 (HR=0.34, 95% CI: 0.21-0.55, P<.0001), and no
evident heterogeneity among studies on psammoma bodies (I* =
0%, P=.97) was observed. Although there was no correlation
between these bilateral tumor distributions, stromal calcification,
and capsular invasion and the expression of PD-L1 (P>.035), this
meta-analysis may provide some useful insights for subsequent
studies, and we plan to further discuss these studies in future
articles.

Blocking the PD-1/PD-L1 signaling pathway is important for
the treatment of malignant tumors and has shown outstanding
efficacy in studies on melanoma, non-small cell lung carcinoma,
head and neck squamous cell carcinoma, urothelial carcinoma,
renal cell carcinoma, and breast carcinoma.**=3%! The prognosis
of refractory aggressive thyroid cancer is poor, and standard
treatment and tyrosine kinase inhibitors may not be valid
options. Currently, there is an urgent need to improve the survival
outcome of patients through immune biomarkers and to improve
refractory thyroid cancer by obstructing the PD-1/PD-L1
pathway. Immunotherapy has not been approved by the Food
and Drug Administration for refractory thyroid cancer, but few
studies on ATC animal models have shown remarkable efficacy.
Gunda et al®*! found that PD-1/PD-L1 inhibitor combined with
BRAF inhibitor (PLX4720) could prominently reduce tumor
volume, prolong survival, and improve immune ability in tumors
of ATC mice. Brauner et al’®?! reached a similar conclusion. In the
tumor microenvironment with high expression of PD-L1, the
MAPK activity of immune cells decreases, resulting in decreased
cytokine secretion. With the use of BRAF inhibitor PLX4032, the
MAPK activity of immune cells increased. The production of
tumor necrosis factor-y inhibited the expression of PD-L1
mRNA, and BRAF inhibitors also inhibited the expression of PD-
L1. The combination of BRAF inhibitor and PD-L1 blocking
treatment can increase the CD8+/Treg cell ratio, increase the
production of cytokines, enhance the cytotoxicity and anti-tumor


http://www.md-journal.com

Wan et al. Medicine (2021) 100:14

immune response of T cells, and ultimately destroy tumor cells.
Another study conducted by Gunda et al*®! that combined
lenvatinib and anti-PD-1 monoclonal antibody to treat ATC mice
showed that the combination therapy could ameliorate lenva-
tinib’s expansion of myeloid-derived suppressor cells and
dramatically improve lenvatinib’s anti-tumor effect. Aghajani
etal*! presented a case of a patient with refractory and advanced
ATC who was treated with an anti-PD-1 monoclonal antibody. A
remarkable increase in the population of T cells, B cells, and NK
cells was observed after the treatment. Twenty-two terminal
patients with ATC were included in the trial by Mehnert et al**!
to estimate the anti-tumor ability of pembrolizumab. This study
verified that 2 of 22 patients showed a partial response and 9%
showed an overall response, and median progression-free
survival was 7months; however, 82% had treatment-related
adverse events. Currently, many clinical trials are underway
to evaluate the efficacy and safety PD-1/PD-L1 inhibitors in
thyroid cancer (including NCT02688608, NCT03181100, and
NCT03246958).

However, this study has some limitations: the number of
included studies was limited, the information provided was
limited, and some studies only included 2 to 3 articles, which may
have affected the research results; no subgroup analysis was
performed on positive cutoff values of PD-L1 and different
treatment regimens, which may have led to heterogeneity in the
overall results; there was a publication bias regarding DFS, OS,
and patient age; hence, future studies are needed to verify the
results of this meta-analysis; the studies included in this meta-
analysis were mainly from China, Australia, the United States,
and Canada, and the conclusions may be biased due to regional
or ethnic factors; and the difference in terms of the sources of PD-
L1 (e.g., membrane or cytoplasm), reagents of IHC, the positive
cutoff value of PD-L1, sample sizes, and the types of PD-L1 clones
in various studies may have affected the outcomes. For the
detection of PD-L1, next-generation sequencing technologies*?!
and Raman-enhanced spectroscopy**! probes are expected to be
applied. Despite the above shortcomings, this meta-analysis
revealed the relationship between PD-L1 overexpression and the
survival and clinicopathological characteristics of patients with
thyroid cancer, which may contribute to the stratification of
thyroid cancer, thus improving the curative efficacy of PD-1/PD-
L1 inhibitors.

5. Conclusion

In this study, we found that the positive effect of PD-L1
expression in patients with thyroid cancer was associated with
low survival. High PD-L1 expression was associated with tumor
size >2 cm, tumor recurrence, extrathyroidal extension, concur-
rent thyroiditis, absence of psammoma body, and unifocal
thyroid cancer, which can help clinicians predict the recurrence of
thyroid cancer and select a more appropriate treatment plan for
patients with thyroid cancer. Analysis of the sub-groups revealed
that the positive expression PD-L1 is associated with poor
prognosis of DFS of DTC and DPTC + ATC, and the
overexpression of PD-L1 in DTC was related to tumor
recurrence, concurrent thyroiditis, extrathyroidal extension,
unifocal DTC, late stage of DTC, and BRAFY*°°F mutation in
DTC. These findings might provide useful insights for future
clinical studies on DTC. Molecular targeted therapy drugs such
as PD-1/PD-L1 inhibitors and BRAF inhibitors may provide new
treatment regimens for patients with thyroid cancer exhibiting
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poor outcomes with conventional treatment methods and
contribute to the clinical improvement of the individual treatment
for patients. However, extensive homogeneous studies are needed
to validate these findings.
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