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Purpose: This study aimed to evaluate the role of 18F-fluorodeoxyglucose (18F-FDG)

positron emission tomography (PET)/computed tomography (CT) in expression of tumor

programmed death ligand-1 (PD-L1) expression and prognostic significance of 18F-FDG

PET/CT at different PD-L1 status in patients with lung adenocarcinoma.

Patients and Methods: Seventy-three patients with primary lung adenocarcinoma who

received 18F-FDG PET/CT before treatment were retrospectively included in this study.

Expression of tumor PD-L1, programmed death-1 (PD-1) and glucose metabolic parameters

were evaluated.

Results: Tumor PD-L1 expression was positively correlated with maximum standardized

uptake value (SUVmax), total lesion glycolysis (TLG), hexokinase II (HK-II) and glucose

transporter 1 (GLUT-1) (P<0.0001 for all). SUVmax was a unique independent predictor of

tumor PD-L1 expression, with an optimal cut-off value of 9.5. For all the patients, tumor

stage (P<0.001) and SUVmax (P=0.009) were independent prognostic indicators of disease-

free survival (DFS)/progression-free survival (PFS) while carcino-embryonic antigen (CEA)

(P=0.003), Ki67 (P=0.042), PD-L1 (P=0.048) and TLG (P=0.004) were independent prog-

nostic indicators of overall survival (OS). Tumor stage (P=0.004) and SUVmax (P=0.022)

were independent prognostic indicators of DFS/PFS while TLG (P=0.012) and CEA

(P=0.045) were independent prognostic indicators of OS in the PD-L1-positive group. In

the PD-L1-negative group, tumor stage (P=0.002) and CEA (P=0.006) were unique inde-

pendent prognostic indicators of DFS/PFS and OS, respectively.

Conclusion: 18F-FDG PET/CT may potentially predict tumor PD-L1 expression and play

a role in predicting prognosis of PD-L1/PD-1 immunotherapy in lung adenocarcinoma.

Keywords: 18F-fluorodeoxyglucose, positron emission tomography, programmed death

ligand-1, lung adenocarcinoma, prognosis

Introduction
Lung cancer is a malignancy associated with high morbidity and mortality.1 Lung

adenocarcinoma is the most prevalent type of lung cancer.2 Current treatment

options for lung adenocarcinoma include surgery, chemoradiotherapy and molecu-

lar targeted therapy. However, due to delayed diagnosis, there is an overall low

survival rate among patients with lung adenocarcinoma.3

In recent years, immunotherapy, represented by the use of programmed death

ligand-1 (PD-L1)/programmed death-1 (PD-1) inhibitors, has emerged as

a promising treatment approach in the management of lung adenocarcinoma. Using

such immune-based therapy, improved prognosis has been reported among patients

with advanced-stage non-small cell lung cancer (NSCLC).4,5 However, the success of
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the therapy is not always guaranteed with some authors

reporting discrepant outcomes regarding the response rate

and prognosis.6,7 Complex mechanisms underlying response

to immune checkpoint inhibitors and prognosis remain sub-

jects of ongoing research and discussion around this field.
18F-fluorodeoxyglucose (18F-FDG) positron emission

tomography (PET)/computed tomography (CT) has been

extensively utilized to diagnose, stage and monitor treat-

ment response in lung cancer. The technique is based on the

assessment of tumor glucose metabolism which is closely

related to glucose transporter 1 (GLUT-1) and hexokinase II

(HK-II) enzyme. Previously, PD-L1 has been associated

with glucose transporter and glycolysis-related enzymes;8

Furthermore, it has been shown that PD-L1 inhibitor anti-

body corrected the glucose metabolic imbalance in the

tumor microenvironment. Therefore, tumor glycolysis has

been implicated as a probable mechanism for immune

evasion.8

The aim of this study, therefore, was to investigate the role

of 18F-FDGPET/CT in the expression of tumor PD-L1 expres-

sion and prognostic significance of 18F-FDG PET/CT at dif-

ferent PD-L1 status in patients with lung adenocarcinoma.

Patients and Methods
Patients
A total of 73 patients suspected to be suffering from lung

malignancy between July 2015 to February 2017, and

received 18F-FDG PET/CT before treatment in the first

hospital of China Medical University, were retrospectively

included in this study. The inclusion criteria were

a histopathological confirmation of primary lung adenocar-

cinoma and the patient undergoing 18F-FDG PET/CT

before treatment. A patient was excluded from the study if

they had any concurrent malignancy or had received any

cancer-related treatments prior to the 18F-FDG PET/CT

procedure. The clinicopathological characteristics of

patients, such as age, gender, TNM stage (8th edition lung

cancer TNM classification), tumor size, tumor differentia-

tion, carcino-embryonic antigen (CEA) and Ki67 were

documented. Information on the timepoints of patients’

events such as diagnosis, treatment, tumor progression or

death was acquired from medical records. The study was

approved by the ethics committee of the first hospital of

China Medical University (approval number: AF-SOP-07-

1.0–01). The study was conducted in accordance with the

principles of patient data confidentiality and the Declaration

of Helsinki. Patient consent was waived because of the

retrospective nature of the study.

18F-FDG PET/CT Imaging and Data

Analysis
Patients were requested to fast for at least 6 hrs before the

procedure. Blood glucose levels were checked in the periph-

eral blood (<11mmol/L) before 18F-FDG administration.

PET/CT images were acquired by PET/CT scanner

(Biograph mCT, Siemens, Germany) at approximately

1hr after intravenous injection of 18F-FDG (3.7MBq/kg).

CT scanning was performed from the top of the head to the

middle of the thigh with 120kV, 40–210 (automatic) mA. The

obtained CT images were reconstructed using I30f medium

smooth algorithm. PET scan was carried out in the same

position and range using the 3D imaging mode by 2 min

acquisition per bed position. PET images were corrected by

CT imaging and reconstructed using True X+TOF (ultra HD-

PET) algorithm (2 iterations, 21sub-sets) into 400×400

matrices.

All the images were reviewed on the workstation (Syngo

multimodality workplace, Siemens, Germany) by two

experienced nuclear medicine physicians. Maximum stan-

dardized uptake value (SUVmax) of the primary tumor was

obtained by placing volume of interest (VOI) over the lesion.

Average standardized uptake value (SUVmean) and meta-

bolic tumor volume (MTV) were acquired by VOI bordered

in a threshold of 50% of SUVmax. Total lesion glycolysis

(TLG) was calculated as MTV multiplied by SUVmean of

the tumor.

Immunohistochemistry
Immunohistochemistry (IHC) staining was performed on

5-μm thick formalin-fixed, paraffin-embedded slides

obtained from lung adenocarcinoma tissue. Antigen retrie-

val was performed using EDTA buffer (pH 9.0) for 20

mins after slides were deparaffinized and rehydrated. In all

cases, Ultrasensitive™ SP IHC kit (Maixin Biotechnology,

Fuzhou, China) was used for immunohistochemistry

according to the manufacturer’s instructions. Each reagent

was incubated for 30 mins. Anti-PD-L1 antibody (1:200

dilution; E1L3N; Cell Signaling Technology; USA), anti-

PD-1 antibody (1:200 dilution; D4W2J; Cell Signaling

Technology; USA), anti-glucose transporter 1 antibody

(1:500 dilution; EPR3915; Abcam; UK), Anti-hexokinase

II antibody (1:500 dilution; EPR20839; Abcam; UK) were

used as primary antibodies and incubated overnight at 4°C.

Cui et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2020:126386

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


DAB kit (Maixin Biotechnology, Fuzhou, China) was per-

formed for chromogen reaction according to the manufac-

turer’s protocol. Finally, the slides were counterstained

using haematoxylin and then mounted.

All the tissue slides were evaluated in a blinded man-

ner. Tumor proportion scores (TPS) were adopted for PD-

L1 IHC staining assessment. Therefore, ≥ 25% of tumor

membrane staining was considered PD-L1-positive regard-

less of stain intensity.9 IHC evaluation of PD-1, GLUT-1,

HK-II was calculated by multiplying the percentage of

positive cells by the staining intensity. The percentage of

positive cells was classified as 0 (0%), 1(<10%), 2 (10–-

50%), 3 (50–80%) and 4 (>80%). Staining intensity was

categorized as 0 (negative), 1 (weak), 2 (moderate) and 3

(strong). The IHC scores of PD-1, GLUT-1, HK-II were

entered and treated as continuous variables for statistical

analyses.

Statistical Analysis
The association between two continuous variables was

analyzed by Mann–Whitney U-test or t-test. The associa-

tion between two categorical variables was evaluated by

chi-square test. The Spearman correlation analysis was

performed between PD-L1 and SUVmax, TLG, MTV,

GLUT-1 and HK-II expression. Logistic regression analy-

sis was utilized to evaluate independent predictors of

tumor PD-L1 expression. The optimal cut-off value to

predict tumor PD-L1 expression was obtained using the

receiver operating characteristic (ROC) curve. Disease-

free survival (DFS)/progression-free survival (PFS) was

defined as the time from the day of surgery and first-line

chemotherapy/molecular targeted therapy to recurrence

and progression or the latest observation, respectively.

Overall survival (OS) was defined as the time from the

date of surgery and first-line chemotherapy/molecular tar-

geted therapy to death or the latest observation. In uni-

variate and multivariate analyses, the Kaplan-Meier

analysis with log-rank test and Cox proportional-hazards

regression model were used to evaluate DFS/PFS and OS.

Statistical significance was indicated by P<0.1 for univari-

ate analysis of Cox proportional-hazards regression model

in PD-L1 expression subgroups considering the small

sample size and to allow more variables to be included

in the multivariate analysis. For other analyses, statistical

significance was indicated by P<0.05. Statistical analyses

were performed using SPSS 21.0 software.

Results
Patient Clinicopathological

Characteristics
The study enrolled 73 patients with primary lung adenocarci-

noma who received 18F-FDG PET/CT before treatment.

Patient clinicopathological characteristics are listed in

Table 1. There were 42 women and 31 men with average age

of 61.5±8.6 years among all the patients. There were 49

(67.1%) patients diagnosed as stage I/stage II and 24 (32.9%)

categorized as stage III /stage IVwith an average tumor size of

27.6±13.2mm. 43 (58.9%) of the tumorswerewell/moderately

differentiated with the rest being poorly differentiated. The

median CEA and Ki67 were 3.1 (2.2, 6.4) and 10.0 (5.0,

25.0), respectively, and the mean SUVmax, median MTV,

Table 1 Association Between PD-L1 Expression with

Clinicopathological and Glycolytic Characteristics in Primary Lung

Adenocarcinoma

Characteristics Total PD-L1 Expression

Negative

(n=43)

Positive

(n=30)

P-value

Age (years) 61.5 ± 8.6 60.4 ± 7.8 63.1 ± 9.6 0.187

Gender 0.544

Male 31 17 14

Female 42 26 16

TNM stage 0.002

I+II 49 35 14

III+IV 24 8 16

Tumor size (mm) 27.6 ± 13.2 23.9 ± 9.9 33.0 ± 15.6 0.003

Tumor

differentiation

0.001

Well/Moderate 43 32 11

Poor 30 11 19

CEA (ng/mL) 3.1

(2.2, 6.4)

2.6 (1.9, 5.5) 4.0

(2.4, 9.9)

0.070

Ki67 10.0

(5.0, 25.0)

10.0 (3.0,

25.0)

17.5

(10.0, 40.0)

0.040

PD-1 4.3 ± 2.4 4.6 ± 2.1 4.0 ± 2.9 0.340

GLUT-1 6.1 ± 2.2 5.3 ± 1.9 7.3 ± 2.2 <0.0001

HK-II 5.5 ± 2.3 4.6 ± 2.0 6.7 ± 2.2 <0.0001

SUVmax 8.2 ± 5.2 5.7 ± 4.0 11.8 ± 4.5 <0.0001

MTV (cm3) 3.8

(1.9, 5.8)

3.0 (1.6, 5.4) 4.2

(2.0, 9.6)

0.118

TLG (cm3) 14.0

(5.8, 36.6)

8.0

(4.0, 24.0)

35.5

(14.0, 62.8)

<0.0001

Abbreviations: PD-L1, programmed death ligand-1; CEA, carcino-embryonic anti-

gen; PD-1, programmed death-1; GLUT-1, glucose transporter 1; HK-II, hexokinase

II; SUVmax, maximum standardized uptake value; MTV, metabolic tumor volume;

TLG, total lesion glycolysis.

Dovepress Cui et al

Cancer Management and Research 2020:12 submit your manuscript | www.dovepress.com

DovePress
6387

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


and TLG of primary tumors were 8.2±5.2, 3.8 (1.9, 5.8) and

14.0 (5.8, 36.6), respectively.

Association Between PD-L1 Expression

with Clinicopathological Characteristics

in Primary Lung Adenocarcinoma
Patients were classified according to their PD-L1 IHC

expression profile as either PD-L1-positive (TPS ≥ 25,

n=30) or PD-L1-negative (TPS < 25, n=43). Representative
18F-FDG PET/CT with SUVmax 23.5 and IHC staining

images of HK-II, GLUT-1, PD-1 and PD-L1 of patient with

PD-L1-positive expression are displayed in Figure 1A–

E while representative 18F-FDG PET/CT with SUVmax 5.1

and IHC staining images of HK-II, GLUT-1, PD-1 and PD-

L1 of patient with PD-L1-negative expression are displayed

in Figure 2A–E. In all cases, larger tumors, higher Ki67,

advanced tumor staging and poor tumor differentiation

were observed in the PD-L1-positive group (P<0.05 for

all). There were no significant differences with regards to

age, gender, CEA and PD-1 between the groups (Table 1).

Correlation Between Tumor PD-L1

Expression and Glucose Metabolic

Parameters
While there were no significant differences in MTV

between the groups, SUVmax, TLG, GLUT-1 and HK-II

were significantly higher among PD-L1-positive patients

(P<0.0001 for all) (Table 1, Figure 3).

Statistically significant positive correlations were

observed between PD-L1 expression and SUVmax

(rho=0.606; P<0.0001), TLG (rho=0.522; P<0.0001), HK-

II (rho=0.458; P<0.0001) and GLUT-1 (rho=0.426;

Figure 1 Representative images of 18F-FDG PET/CT and immunohistochemical staining of HK-II, GLUT-1, PD-1 and PD-L1 in lung adenocarcinoma patient with PD-L1-

positive expression. (A) 18F-FDG PET/CT imaging, SUVmax of primary lung adenocarcinoma was 23.5; (B) HK-II; (C) GLUT-1; (D) PD-1; (E) PD-L1 (magnification×400).

Abbreviations: 18F-FDG PET/CT, 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET)/computed tomography (CT); HK-II, hexokinase II; GLUT-1,

glucose transporter 1; PD-1, programmed death-1; PD-L1, programmed death ligand-1; SUVmax, maximum standardized uptake value.
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P<0.0001). There was no statistically significant correlation

between PD-1 expression and SUVmax, PD-1 expression

and MTV, PD-1 expression and TLG, PD-1 expression and

HK-II expression, PD-1 expression and GLUT-1 expression.

Clinicopathological and Glycolytic

Characteristics Associated with PD-L1

Expression in Primary Lung

Adenocarcinoma
Based on univariate analysis, the tumor stage, tumor dif-

ferentiation, tumor size, GLUT-1, HK-II, SUVmax and

TLG were significantly associated with PD-L1 expression

(P<0.05). Upon multivariate analysis, SUVmax was iden-

tified as the unique independent factor predictive of tumor

PD-L1 expression (OR: 1.328, 95% CI: 1.066–1.655) with

P = 0.012 (Table 2).

ROC curve analysis was applied to assess the ability of

SUVmax to distinguish tumor PD-L1 expression in pri-

mary lung adenocarcinoma. The area under the curve

(AUC) was 0.855 (95% CI, 0.764–0.947) with P<0.0001,

indicating that SUVmax has the potential to predict PD-L1

expression. The optimal cut-off value of SUVmax in pre-

dicting tumor PD-L1 expression was 9.5 with 76.7% sen-

sitivity and 88.4% specificity (Figure 4).

Univariate and Multivariate Survival Analysis
Based on the three-year DFS/PFS and OS outcome of the

73 patients, 24 patients suffered recurrent disease and 11

patients died of causes related to lung adenocarcinoma.

First, univariate and multivariate analyses were per-

formed in all patients. For univariate analysis, tumor

stage, tumor size, CEA, Ki67, PD-L1 expression, GLUT-1

Figure 2 Representative images of 18F-FDG PET/CT and immunohistochemical staining of HK-II, GLUT-1, PD-1 and PD-L1 in lung adenocarcinoma patient with PD-L1-

negative expression. (A) 18F-FDG PET/CT imaging, SUVmax of primary lung adenocarcinoma was 5.1; (B) HK-II; (C) GLUT-1; (D) PD-1; (E) PD-L1 (magnification×400).

Abbreviations: 18F-FDG PET/CT, 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET)/computed tomography (CT); HK-II, hexokinase II; GLUT-1,

glucose transporter 1; PD-1, programmed death-1; PD-L1, programmed death ligand-1; SUVmax, maximum standardized uptake value.
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expression, HK-II expression, SUVmax, MTV and TLG

were identified as significant prognostic predictors for

DFS/PFS. Tumor stage, tumor size, tumor differentiation,

CEA, Ki67, PD-L1 expression, GLUT-1 expression, HK-II

expression, SUVmax, MTV and TLG were significantly

associated with the OS (Table 3). Based on the results of

univariate analysis, we screened variables with P<0.05. For

multivariate analysis, higher SUVmax (P=0.009) and

advanced tumor stage (P<0.001) were independent prog-

nostic indicators of worse DFS/PFS. Positive PD-L1

Figure 3 Association between PD-L1 expression with glycolytic characteristics in primary lung adenocarcinoma. SUVmax and TLG were higher in PD-L1-positive group

than PD-L1-negative group (both of P<0.0001) (A and B) and no statistically significant difference for MTV between PD-L1-positive group and PD-L1-negative group

(P=0.118) (C); GLUT-1 and HK-II expression were higher in PD-L1-positive group than PD-L1-negative group (both of P<0.0001) (D and E).
Abbreviations: 18F-FDG PET/CT, 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET)/computed tomography (CT); SUVmax, maximum standardized

uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis; HK-II, hexokinase II; GLUT-1, glucose transporter 1.
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expression (P=0.048), higher TLG (P=0.004), higher CEA

(P=0.003) and higher Ki67 (P=0.042) were independent

prognostic indicators of worse OS (Table 3).

Next, univariate and multivariate analyses were per-

formed among patients in the PD-L1-positive group. For

univariate analysis, tumor stage, tumor size, CEA, HK-II

expression, SUVmax, MTV and TLG were identified as

significant prognostic predictors for DFS/PFS. Tumor

stage, tumor size, CEA, Ki67, SUVmax, MTV and TLG

were significantly associated with the OS (Table 4).

Based on the results of univariate analysis, we screened

variables with P<0.1. For multivariate analysis, higher

SUVmax (P=0.022) and advanced tumor stage

(P=0.004) were independent prognostic indicators of

worse DFS/PFS. Higher TLG (P=0.012) and higher

CEA (P=0.045) were independent prognostic indicators

of worse OS (Table 4).

Next, univariate and multivariate analyses were per-

formed among patients in the PD-L1-negative group. For

univariate analysis, tumor stage, CEA, Ki67, SUVmax and

TLG were identified as significant prognostic predictors of

DFS/PFS. Tumor stage, CEA, Ki67, SUVmax, MTV and

TLG were significantly associated with the OS (Table 5).

Based on the results of univariate analysis, we screened

variables with P<0.1. Upon multivariate analysis, advanced

tumor stage (P=0.002) and higher CEA (P=0.006) were

independent prognostic indicators of worse DFS/PFS and

OS, respectively (Table 5).

Discussion
In the present study, the correlation of tumor PD-L1 expres-

sion and 18F-FDG PET/CT metabolic information in patients

with lung adenocarcinoma were investigated. We found that

tumor PD-L1 expression was positively correlated with
18F-FDG PET/CT metabolic information and tumor GLUT-

1/HK-II expression. Compared to the PD-L1-negative group,

SUVmax, TLG, tumor GLUT-1 and HK-II expression were

significantly higher in the PD-L1-positive group. Larger tumor

size, higher Ki67, advanced tumor stage and worse tumor

differentiation were observed in the PD-L1-positive group.

Additionally, SUVmax was identified as a unique independent

predictor of tumor PD-L1 expression. The study found the

optimal cut-off SUVmax in predicting tumor PD-L1 expres-

sion in primary lung adenocarcinoma to be 9.5.

Table 2 Clinicopathological and Glycolytic Characteristics Associated with PD-L1 Expression in Primary Lung Adenocarcinoma

Characteristics Univariate Analysis OR (95% CI) P-value Multivariate Analysis OR (95% CI) P-value

Age (years) 1.040 (0.981–1.102) 0.188

Gender 0.545

Male 1.338 (0.521–3.434)

Female Reference

TNM stage 0.003 0.680

I–II Reference

III–IV 5.000 (1.748–14.301)

Tumor size (mm) 1.063 (1.016–1.112) 0.008 0.672

Tumor differentiation 0.002 0.870

Well/Moderate Reference

Poor 5.025 (1.830–13.800)

CEA (ng/mL) 1.004 (0.991–1.016) 0.563

Ki67 1.023 (0.995–1.051) 0.106

PD-1 0.903 (0.742–1.099) 0.308

GLUT1 1.593 (1.216–2.087) 0.001 0.397

HK-II 1.610 (1.243–2.085) <0.001 0.144

SUVmax 1.396 (1.197–1.728) <0.0001 1.328 (1.066–1.655) 0.012

MTV (cm3) 1.109 (0.997–1.233) 0.056

TLG (cm3) 1.022 (1.000–1.045) 0.049 0.926

Abbreviations: PD-L1, programmed death ligand-1; CEA, carcino-embryonic antigen; PD-1, programmed death-1; GLUT-1, glucose transporter 1; HK-II, hexokinase II;

SUVmax, maximum standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis.
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Currently, IHC is the main approach used to evaluate

PD-L1. However, there are varied methods and criteria

used to define PD-L1 expression; this can confound the

diagnostic accuracy, emphasizing the requirement for stan-

dardization of diagnostic methodology.10,11 Moreover, in

view of possible heterogeneity of PD-L1 expression by

a tumor mass, sufficient quality and quantity of biopsy

tissue for PD-L1 IHC evaluation should be guaranteed.12

It has been reported previously that inflammatory pro-

cesses have led to initially PD-L1-negative tumors at base-

line to be eventually assessed as actually being positive.13

As with other studies,14,15 the results of our study indi-

cated that 18F-FDG PET/CT could potentially predict

tumor PD-L1 expression, non-invasively.

Further investigation of the study results suggested

that higher SUVmax and advanced tumor stage were

independent prognostic indices of worse DFS/PFS.

Positive PD-L1 expression, higher TLG, higher CEA

and higher Ki67 were independent prognostic predictors

of worse OS. Currently, the prognostic significance of

PD-L1 expression in lung carcinoma is still

controversial.16,17 A meta-analysis of PD-L1 expression

and prognosis of NSCLC patients suggested that PD-L1

expression was a prognostic factor related to poor

survival.18 However, in their study, Aguiar et al reported

that PD-L1 expression was related to better progression-

free survival (HR: 0.69, 95% CI: 0.57–0.85) and better

overall survival (HR: 0.77, 95% CI: 0.67–0.89).19

Table 3 Prognostic Factors for DFS/PFS and OS for All the Patients

Characteristics DFS/PFS OS

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age (years) 1.030 (0.979–1.084) 0.258 1.042 (0.973–1.116) 0.242

Gender (Male/Female) 1.447 (0.650–3.221) 0.366 2.277 (0.745–6.963) 0.149

TNM stage (I–II/III–IV) 8.378 (3.436–20.425) <0.0001 5.238

(2.066–13.281)

<0.001 8.619

(2.363–31.440)

0.001

Tumor size (mm) 1.037 (1.016–1.059) <0.001 1.039 (1.011–1.069) 0.007

Tumor differentiation

Well/Moderate

or poor

2.113 (0.942–4.737) 0.069 5.504

(1.513–20.022)

0.010

CEA (ng/mL) 1.010 (1.004–1.016) 0.002 1.013 (1.006–1.019) <0.001 1.011 (1.004–1.019) 0.003

Ki67 1.027 (1.009–1.045) 0.003 1.039 (1.016–1.062) 0.001 1.029 (1.001–1.058) 0.042

PD-L1

(Negative/Positive)

3.327 (1.451–7.630) 0.005 5.684

(1.562–20.680)

0.008 3.999

(1.010–15.843)

0.048

PD-1 0.893 (0.746–1.069) 0.218 0.866 (0.677–1.108) 0.254

GLUT-1 1.347 (1.097–1.654) 0.004 1.445 (1.081–1.932) 0.013

HK-II 1.305 (1.088–1.565) 0.004 1.410 (1.089–1.825) 0.009

SUVmax 1.164 (1.086–1.247) <0.0001 1.123 (1.030–1.224) 0.009 1.233 (1.125–1.351) <0.0001

MTV (cm3) 1.043 (1.016–1.071) 0.002 1.051 (1.023–1.079) <0.001

TLG (cm3) 1.005 (1.002–1.007) <0.0001 1.005 (1.003–1.008) <0.0001 1.004 (1.001–1.007) 0.004

Abbreviations: DFS, disease-free survival; PFS, progression-free survival; OS, overall survival; PD-L1, programmed death ligand-1; CEA, carcino-embryonic antigen; PD-1,

programmed death-1; GLUT-1, glucose transporter 1; HK-II, hexokinase II; SUVmax, maximum standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion

glycolysis.

Figure 4 ROC curve analysis assessing the potentially of SUVmax to predict tumor

PD-L1 expression in primary lung adenocarcinoma. AUC was 0.855 (95% CI,

0.764–0.947, P<0.0001); The optimal cut-off value of SUVmax for predicting

tumor PD-L1 expression was 9.5 with 76.7% sensitivity and 88.4% specificity.

Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve;

SUVmax, maximum standardized uptake value; PD-L1, programmed death ligand-1.
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Possible explanations for these indeterminate observa-

tions may be discrepancy in study design such as bio-

marker requirements (cut-off value, tumor heterogeneity,

the inclusion of tumor stromal cells), length of the

follow-up period and sample size. Considering these

factors, results from the present study indicated that

the prognostic significance of tumor PD-L1 expression

should be concerned and evaluated.

Table 4 Prognostic Factors for DFS/PFS and OS for the Patients in PD-L1-Positive Group

Characteristics DFS/PFS OS

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age (years) 1.043 (0.984–1.106) 0.157 1.052 (0.978–1.132) 0.174

Gender

(Male/Female)

1.653 (0.596–4.583) 0.334 1.969 (0.553–7.008) 0.295

TNM stage

(I–II/III–IV)

6.150 (1.705–22.179) 0.006 7.480 (1.919–29.156) 0.004 4.451 (0.960–21.487) 0.056

Tumor size (mm) 1.025 (1.000–1.050) 0.046 1.026 (0.995–1.058) 0.009

Tumor differentiation

Well/Moderate or poor

1.990 (0.632–6.262) 0.239 2.739 (0.581–12.919) 0.203

CEA (ng/mL) 1.008 (1.000–1.016) 0.062 1.010 (1.001–1.019) 0.027 1.010 (1.000–1.020) 0.045

Ki67 1.022 (0.995–1.049) 0.110 1.033 (1.000–1.066) 0.049

PD-1 0.873 (0.712–1.070) 0.191 0.883 (0.689–1.132) 0.327

GLUT1 1.244 (0.949–1.632) 0.114 1.332 (0.927–1.916) 0.121

HK-II 1.268 (0.985–1.631) 0.065 1.303 (0.941–1.805) 0.111

SUVmax 1.104 (1.000–1.219) 0.050 1.156 (1.021–1.309) 0.022 1.146 (1.020–1.289) 0.022

MTV (cm3) 1.027 (0.998–1.058) 0.068 1.032 (1.004–1.062) 0.027

TLG (cm3) 1.003 (1.000–1.005) 0.021 1.003 (1.001–1.006) 0.007 1.003 (1.001–1.006) 0.012

Abbreviations: DFS, disease-free survival; PFS, progression-free survival; OS, overall survival; PD-L1, programmed death ligand-1; CEA, carcino-embryonic antigen; PD-1,

programmed death-1; GLUT-1, glucose transporter 1; HK-II, hexokinase II; SUVmax, maximum standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion

glycolysis.

Table 5 Prognostic Factors for DFS/PFS and OS for the Patients in PD-L1-Negative Group

Characteristics DFS/PFS OS

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age (years) 0.952 (0.876–1.034) 0.245 0.912 (0.809–1.027) 0.129

Gender

(Male/Female)

1.149 (0.308–4.280) 0.836

TNM stage

(I–II/III–IV)

8.268 (2.172–31.465) 0.002 8.268 (2.172–31.465) 0.002 11.372 (1.008–128.254) 0.049

Tumor size (mm) 1.052 (0.985–1.123) 0.132

Tumor differentiation

Well/Moderate

or poor

0.923 (0.186–4.574) 0.922 6.691 (0.598–74.914) 0.123

CEA (ng/mL) 1.014 (1.004–1.025) 0.006 1.023 (1.008–1.038) 0.003 1.022 (1.006–1.039) 0.006

Ki67 1.028 (1.001–1.056) 0.043 1.050 (1.007–1.095) 0.022

PD-1 1.053 (0.774–1.433) 0.742 1.109 (0.633–1.943) 0.719

GLUT1 1.126 (0.787–1.612) 0.516 0.970 (0.536–1.758) 0.921

HK-II 1.036 (0.747–1.437) 0.833 1.032 (0.585–1.819) 0.914

SUVmax 1.192 (1.047–1.356) 0.008 1.363 (1.083–1.716) 0.008

MTV (cm3) 1.102 (0.936–1.296) 0.244 1.207 (0.975–1.495) 0.084

TLG (cm3) 1.011 (1.000–1.022) 0.050 1.018 (1.004–1.032) 0.013

Abbreviations: DFS, disease-free survival; PFS, progression-free survival; OS, overall survival; PD-L1, programmed death ligand-1; CEA, carcino-embryonic antigen; PD-1,

programmed death-1; GLUT-1, glucose transporter 1; HK-II, hexokinase II; SUVmax, maximum standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion

glycolysis.
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In particular, we found that higher glucose metabolic

parameters of 18F-FDG PET/CT (SUVmax/TLG) could be

a significant marker for predicting a worse outcome in PD-L1

-positive but not PD-L1-negative patients. Although some

patients could achieve a long-lasting response to PD-L1/PD-

1 inhibitor therapies with better survival,20 the mechanisms

leading to differential response rates and outcomes of PD-L1

/PD-1 inhibitor therapies are currently poorly understood and

are the subject of ongoing investigations. PD-L1 expression

may not be the unique factor that predicts efficacy and

prognosis of PD-L1/PD-1 inhibitors. Complex anti-tumor

immune response within the tumor microenvironment may

not be fully represented by a single biomarker. Identifying

the characteristics involved in anti-tumor immune response

is important and warranted. It has been found that tumor

immune evasion was closely related to tumor metabolic

reprogramming within the tumor microenviroment.21–23 On

one hand, tumor metabolic reprogramming empowers tumor

cells to compete for glucose in the tumor microenvironment

over immune cells, a scenario that causes the infiltrated

immune cells to lose their anti-tumor function due to

glucose deprivation. On the other hand, tumor metabolic

reprogramming reduces the tumor microenvironment pH by

up-regulating glycolysis. This impairs the maturation and

activation of antigen-presenting cells and primary cytotoxic

T cells. Indeed, Chang and colleagues found that T cells

activities were curtailed by tumor glycolysis. This led to

their dampened mTOR activity, glycolytic capacity and

IFN-γ production, thereby allowing tumor progression.8 On

their part, Shukuya and co-workers found that IFN-γ expres-
sion presented the highest correlation with response to PD-1/

PD-L1 immune checkpoint inhibitors inNSCLC; the RRwas

33% (14 of 43) and 8% (6 of 79) in IFN-γ-positive and IFN-
γ-negative patients, respectively. Moreover, combined IFN-

γ-positive and PD-L1-positive patients displayed the highest
RR (46%; 10 of 22).24 Therefore, other variables, such as

tumor-infiltrating cells, mutational gene and inflammatory

gene signatures,25,26 some of which are related to tumor

glycolysis,27,28 may be meaningful for the prognosis analysis

of PD-L1/PD-1 inhibitor therapies. Consequently, 18F-FDG

PET/CT may play a role in predicting the prognosis of PD-

L1/PD-1 immunotherapy in lung adenocarcinoma.

There were several limitations in this study. Firstly, this

study was retrospectively performed in a single institution

with a small sample size. Consequently, a multicenter and

large sample size research on 18F-FDG PET/CT and other

prognostic predictors of lung adenocarcinoma patients

treated with PD-L1/PD-1 inhibitors in lung

adenocarcinoma should be considered. Secondly, PD-L1

IHC was accomplished using only one PD-L1 antibody

with one cut-off value. Previous study has found that

different PD-L1 antibody and different cut-off values gen-

erated discordant PD-L1 IHC evaluation;29 Hence, differ-

ent PD-L1 antibody and cut-off values should be utilized

and compared in future studies. Thirdly, a 3-year follow-

up time period was relatively short with much censored

data for most stage I–II patients who presented with stable

and healthy statuses. A longer follow-up period is recom-

mended to further evaluate the prognostic significance of

PD-L1. Lastly, we did not consider patients’ therapeutic

schedule (Table S1) when conducting the prognosis ana-

lysis, this is, therefore, suggested for future studies, to

factor-in the effect of treatment on the prognosis.

Conclusion
Tumor PD-L1 expression was significantly positively asso-

ciated with 18F-FDG uptake and glucose metabolism. Higher

metabolic parameters of 18F-FDG PET/CT (SUVmax and

TLG) could be significant predictors of worse outcomes

among PD-L1-positive but not PD-L1-negative patients.

Therefore, 18F-FDG PET/CT may potentially predict tumor

PD-L1 expression and play a role in predicting the efficacy

of PD-L1/PD-1 immunotherapy in patients with lung

adenocarcinoma.
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