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Abstract

Purpose To explore the relationship between ['*F]fluorodeoxyglucose (‘*F-FDG uptake) and PD-L1 expression and determine
the usefulness of '®*F-FDG PET/CT for evaluating the PD-L1 status in tumour cells (TCs) and tumour-infiltrating immune cells
(TIICs) in patients with nasopharyngeal carcinoma (NPC).

Methods We retrospectively evaluated the records of 84 eligible patients who received an initial histopathological diagnosis of
NPC between December 2016 and March 2019. All tissue specimens and PET/CT images were collected prior to treatment. High
PD-L1 expression in TCs and TIICs was defined as > 50% of stained cells.

Results There was a significant difference in '®F-FDG uptake according to the PD-L1 status in TCs and TIICs. Univariate
analysis showed that PD-L1 expression in TCs was associated with tumour maximum standardized uptake value (SUVmax)
(P <0.001), primary tumour total lesion glycolysis (TLG; P <0.001), and T stage (P = 0.044), but not with plasma Epstein-Barr
virus (EBV) load (P = 0.816), whereas PD-L1 expression in TIICs was related to SUVmax (P=0.011), TLG (P=10.001), T stage
(P=0.028), and plasma EBV load (P=0.003). In multivariate logistic regression, PD-L1 expression in TCs was positively
associated with SUVmax (P =0.003) and TLG (P=0.001), and in TIICs, negatively associated with SUVmax (P =0.038) and
plasma EBV load (P =0.025).

Conclusions '"*F-FDG uptake in NPC lesions was positively correlated with PD-L1 expression in TCs and negatively correlated
with PD-L1 expression in TIICs. Thus, '*F-FDG PET/CT may be useful for evaluating the PD-L1 status in patients with NPC.
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Introduction

Nasopharyngeal carcinoma (NPC), a malignant cancer arising
from the nasopharynx epithelium, has a distinct geographical
distribution in North Africa and parts of Asia [1, 2]. In these
endemic areas, the main histological subtypes are predomi-
nantly associated with Epstein-Barr virus (EBV) infection
[1, 3]. NPC is sensitive to chemotherapy and radiotherapy,
and the 5-year overall survival of early-stage NPC has risen
to more than 90% [4]. However, the clinical outcome of re-
current and distant metastatic NPC with conventional therapy
remains disappointing [5]. GLOBOCAN 2018 estimates that
the worldwide mortality rate for NPC is over 70,000 cases per
year [6].

Immune checkpoint blockades (ICBs), especially PD-1/
PD-L1 blockades, which harness the power of the hosts’ im-
mune system to cure cancer, have changed the landscape of
advanced tumour therapy in recent years [7]. PD-1/PD-L1
blockades have greatly improved the outcomes in various tu-
mour types, such as non-small-cell lung cancer (NSCLC),
melanoma, and head and neck squamous cell carcinoma
(HNSCC) [8-10]. Since NPC is closely associated with
EBYV infection, the immune cells can more easily infiltrate
the tumour regions in patients with NPC. Thus, immunother-
apy may also be appropriate for the treatment of NPC. Indeed,
three phase I-II clinical trials have shown promising
antitumour activity and safety in PD-1/PD-L1 blockades for
advanced NPC [11-13]. In the Mayo Clinic Phase 2 study
(NCI-9742), a descriptive analysis showed that patients with
NPC with PD-L1-positive tumours showed a higher propor-
tion response rate to PD-1 blockades [13]. In another study
that investigated the therapeutic efficacy of pembrolizumab
versus standard chemotherapy for recurrent or metastatic head
and neck squamous cell carcinoma (Keynote 040), in a popu-
lation with tumour cell (TC) PD-L1 expression in proportion
>50%, the pembrolizumab group had better overall survival
(OS) than did the standard-of-care group [14]. Moreover, a
phase 3 study of first-line pembrolizumab for recurrent/
metastatic head and neck squamous cell carcinoma (Keynote
048) showed that PD-L1 expression in TCs and tumour-
infiltrating immune cells (TIICs) could predict the therapeutic
efficacy of pembrolizamab [15]. In the groups with PD-L1
combined positive score (CPS) either >20 or >1,
pembrolizumab monotherapy or in combination with chemo-
therapy led to significant improvement in OS compared with
the groups treated with first-line conventional therapy [15].
Based on this study, the FDA designated pembrolizumab for
the first-line treatment of recurrent or metastatic HNSCC in
patients whose tumours express PD-L1 (CPS>1) on
June 2019. Although the predictive value of PD-L1 expres-
sion in NPC remains controversial, the PD-L1 status is still a
stratification factor for ongoing clinical trials on NPC, such as
NCT03558191, NCT03581786, and NCT03707509. Thus,
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PD-L1 expression in TCs and TIICs remains valuable for
NPC study.

["®F]Fluorodeoxyglucose (‘*F-FDG) positron emission to-
mography (PET) is an important molecular imaging modality
that is used for diagnosing NPC and performing TNM staging
in patients with NPC [16]. The maximum standardized uptake
value (SUVmax) on '®F-FDG-PET, which reflects FDG up-
take in tumour lesions, is widely used in clinical practice due
to its simplicity. Total lesion glycolysis (TLG), also known as
the total glycolytic burden of disease, could effectively reflect
tumour vitality and burden from the baseline '*F-FDG PET/
computed tomography (CT) scans. A high SUVmax or TLG
value has been reported to be an important prognostic factor in
a variety of malignancies, including NPC [17, 18]. Some stud-
ies have reported a correlation between FDG uptake and tu-
mour biomarker levels in different types of cancer, such as
HER?2 expression in gastric cancer [19] and EGFR expression
in breast cancer and NSCLC [20, 21]. Similarly, other studies
have shown PD-L1 expression to be correlated with FDG
uptake in bladder cancer and NSCLC [22, 23]. Therefore,
evaluation of '"*F-FDG uptake patterns may be a useful meth-
od for non-invasively inferring the PD-L1 status in patients
with NPC.

Therefore, the aim of the present study was to explore the
relationship between '*F-FDG uptake and PD-L1 expression
and determine the usefulness of '*F-FDG PET/CT for evalu-
ating the PD-L1 status in TCs and TIICs in patients with NPC.
Studies focused on '*F-FDG PET/CT parameters, and the PD-
L1 status in NPC is rare, and our data may provide valuable
information that can help in making decisions regarding PD-1/
PD-L1 blockade therapy for patients with NPC.

Materials and methods
Study population

This retrospective study was approved by the Clinical
Research Ethics Committee of the First Affiliated Hospital
of Xiamen University (KY2017-015) and conducted in accor-
dance with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. The study
group comprised 84 patients who received an initial histopath-
ological diagnosis of NPC between December 2016 and
March 2019 at the First Affiliated Hospital of Xiamen
University. The inclusion criteria were as follows: (i) patho-
logically confirmed non-keratinizing differentiated or undif-
ferentiated carcinoma (WHO classes II and III), (ii) whole-
body '®F-FDG PET/CT performed at our institution within
3 weeks of pathological confirmation, (iii) collection of all
tissue specimens and '*F-FDG PET/CT images and evalua-
tion of the plasma EBV-DNA load before any treatments, and
(iv) availability of complete clinical records, including data on
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age, sex, smoking history, and nasopharyngeal magnetic res-
onance imaging. The exclusion criteria were as follows: (i)
history of adjuvant therapy before 18F-FDG PET/CT imaging
and (ii) incomplete clinical and pathological data. Among the
188 patients with NPC for whom immunohistochemical
(IHC) staining for PD-L1 was performed during this period,
only 84 met the inclusion and exclusion criteria. The EBV-

Table 1  Clinical characteristics of the study patients

Variable Number %
Age (years)

<49 41 48.8%
>49 43 51.2%
Range 20-72

Median 49

Mean £ SD 47+11

Sex

Male 55 65.5%
Female 29 34.5%
Histology, WHO type

i 5 6.0%
it 79 94.0%
Smoking history

Non-smoker 43 51.2%
Smoker 41 48.8%
T stage

T1/T2 38 45.2%
T3/T4 46 54.8%
N stage

NO-N2 56 66.7%
N3 28 33.3%
M stage

MO 76 90.5%
Ml 8 9.5%
Clinical stage

g 44 52.4%
IVa/b 40 47.6%
Plasma EBV-DNA load (IU/ml)

<50 23 27.4%
>50 61 72.6%
PD-L1 expression in TCs (%)

<50 24 28.6%
>50 60 71.4%
PD-L1 expression in TIICs (%)

<50 71 84.5%
>50 13 15.5%
SUVmax

Mean + SD 93+4.1

TLG

Mean £ SD 64.8+58.5

DNA load in plasma was analysed by polymerase chain reac-
tion. The clinical stage was determined by a physician accord-
ing to the eighth edition of the American Joint Committee on
Cancer staging of NPC. Tissue samples were obtained from
the patients after they provided written informed consent.

Characteristics of the patients

IHC staining for PD-L1 expression was performed for all 188
patients with NPC. Among these, 131 showed high PD-L1
expression in TCs (69.7%), and 25 (13.3%) showed high
PD-L1 expression in TIICs (Supplemental Table 1). The clin-
ical characteristics of the 84 enrolled patients are summarized
in Table 1 and Supplemental Table 2. The median age of the
patients was 49 years (range: 20-72 years). Forty-one (48.8%)
patients were current or former smokers. Disease in stages -
IIT accounted for 44 (52.4%) cases, while stage [Va—b was
identified in 40 (47.6%) cases. The SUVmax in PET/CT im-
aging of the primary tumours ranged from 3.1 to 21.4, with a
median value of 8.4. High PD-L1 expression in TCs was
confirmed in 60 (71.4%) cases, while only 13 (15.5%) patients
exhibited high PD-L1 expression in TIICs. Although the pro-
portion of high/low PD-L1 expression in TCs or TIICs was
not near equal, the proportion of PD-L1 expression in the 84
enrolled patients was similar to that in all 188 patients. As
such, the imbalance in PD-L1 expression could be considered
an objective phenomenon and would not bias the final results.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tumour tissues were sec-
tioned at 4-pum thickness. For IHC detection of PD-L1, we
used the BenchMark GX automated slide stainer (SP263,
Ventana, Oro Valley, AZ, USA) to stain the sections with the
PD-L1 antibody according to the manufacturer’s recommend-
ed protocol. Positive control (placenta) and negative control
samples were run simultaneously with each specimen.

The immunostained tissue sections were scored by two
independent investigators who were blinded to the clinical
data. High PD-L1 expression in TCs or TIICs was defined
as >50% of corresponding cells with membranous staining
as described by a previous study [24].

'8F-FDG PET/CT protocol and imaging analysis

All patients were required to fast for at least 6 h prior to the
examination. '"*F-FDG was manufactured in accordance with
the standard method described by our laboratory, using the
coincidence '*F-FDG synthesis module (TracerLab FxXFN,
GE Healthcare). Quality control of the radiosynthesis was
performed by ultraviolet and radio-high-performance liquid
chromatography (HPLC). The radiochemical purity was over
98%, and the final product was diluted with saline and
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sterilized by passing it through a 0.22-um Millipore filter into
a sterile syringe. The dose of intravenously injected '*F-FDG
was calculated according to the patient’s weight (3.7 MBq
[0.1 mCi]/kg]). Data were acquired using a PET/CT system
(Discovery ST; GE Medical Systems, Waukesha, WI, USA)
after 1 h of intravenous administration. The parameters for the
acquisition were as follows: CT scanning included the area
from the head to the upper thighs. A PET scan was performed
immediately after CT acquisition with 1.5 min of scanning
time per table position, with the acquisition in 3-D mode.
All the obtained data were transferred to the Advantage
Workstation (Version AW 4.6, GE Healthcare, Waukesha,
WI, USA); data were reconstructed using the ordered subset
expectation maximization algorithm (2 iterations and 21 sub-
sets), using CT data for attenuation correction, and the recon-
structed images were then co-registered and displayed.

PET/CT imaging analysis

Fused PET/CT images were viewed on the Advantage
Workstation (Version AW 4.6, GE Healthcare). Regions of
interest were drawn on transaxial images around the primary
tumours for the purpose of semiquantitative analysis. The
SUVmax and SUVmean values were automatically calculated
and were used to quantify the uptake of FDG in primary tu-
mours. For delineation of the metabolic tumour volume
(MTV), PET images were reviewed with an SUV intensity
range of 0-5 for localization of the hypermetabolic lesion in
the nasopharynx, and boundaries that were large enough were
drawn to include the hypermetabolic lesion in the axial, coro-
nal, and sagittal '*F-FDG PET/CT images. Then, an
isocontour connecting the lesion showing an SUV of 2.5 was
set automatically inside the boundary, and all voxels with an
SUV of 2.5 or greater within the isocontour line were counted
for the calculation of the MTV. The MTV was defined as the
sum of voxels that showed an SUV of 2.5 or higher. TLG for
the primary tumours was calculated as the sum of the product
of the SUVmean and MTV of the primary tumours (TLG =

sum of [SUVmean x MTV)).

Statistical analysis

All statistical analyses were conducted using the SPSS 22.0
statistical analysis software (IBM, Armonk, NY, USA).
Receiver-operating characteristic (ROC) curves were used
for the FDG-PET parameters to generate the optimal cut-off
values of PD-L1 expression [25]. For categorical variables,
either the chi-squared test, Yates’ correction of chi-squared
test, or Fisher’s exact test was used to analyse the differences
between groups. For continuous data, we used the t-test or the
Wilcoxon test for analyses, as appropriate. Factors identified
as significantly associated with PD-L1 expression after uni-
variate analysis were subsequently entered into the
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multivariable analyses via a logistic regression model. All
tests were two-sided, and a P value lower than 0.05 was con-
sidered statistically significant.

Results

Association between '®F-FDG uptake and PD-L1
expression in TCs and TIICs

The comparison of '®F-FDG uptake based on PD-L1 expres-
sion in TCs and TIICs revealed a significant difference
(Fig. 1). In TCs, the values of SUVmax in patients with high
PD-L1 expression were significantly higher than those in pa-
tients with low PD-L1 expression (SUVmax: 10.2+4.1 vs.
6.9+3.2; P<0.001), whereas, in TIICs, the accumulation of
"®F_FDG was lower in patients with high PD-L1 expression
than in those with low expression (SUVmax: 7.0 +3.4 vs. 9.7

+4.1; P=0.008). This phenomenon was also observed in the
TLG values for high and low PD-L1 expression in TCs (TLG:
76.7+64.4 vs. 35.0+£20.5; P<0.001) and in TICs (TLG:
29.1+14.4 vs. 71.3£61.2; P=0.001), respectively. Typical
thin-section CT and PET/CT and IHC staining images of PD-
L1 with high and low expression are shown in Fig. 2.

We plotted a ROC curve to calculate the most discriminative
cut-off value of SUVmax and TLG for determining positive
PD-L1 expression in TCs and TIICs. Regarding PD-L1 expres-
sion in TCs, the optimal cut-off values for SUVmax and TLG
were 6.7 (area under curve (AUC) value =0.762; P<0.001)
and 41.3 (AUC value=0.756; P<0.001), respectively
(Supplemental Fig. 1a, b). With respect to PD-L1 expression
in TIICs, the optimal cut-off values for SUVmax and TLG were
7.2 (AUC value=0.733; P=0.008) and 53.0 (AUC value =
0.785; P=0.001), respectively (Supplemental Fig. 1c, d).

Correlations between patient characteristics
and PD-L1 expression in TCs and TIICs

We examined the correlation between patient characteristics
(including SUVmax and TLG) and PD-L1 expression in TCs
and TIICs. Among the 84 patients, 71.4% showed high PD-L1
expression in TCs, while 15.5% showed high PD-L1 expres-
sion in TIICs.

Univariate analysis showed that expression of PD-L1 in TCs
was associated with SUVmax (P=0.001) and T stage (P=
0.034) but not with MTV (P=0.298) and plasma EBV load
(P=0.216; Table 2). PD-L1 expression in TIICs was related to
SUVmax (P<0.001), T stage (P=0.004), and plasma EBV
load (P =0.032), but not to MTV (P =0.100; Table 2).

In multivariate logistic regression analysis, PD-L1 expres-
sion in TCs was significantly associated with SUVmax (P =
0.001) and TLG (P =0.006), but not with T stage (P =0.754);
PD-L1 expression in TIICs was associated with SUVmax
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Fig. 1 Relationship between '®F-FDG uptake and PD-L1 expression in patients with NPC. (a) Correlation between SUVmax and PD-L1 expression in
TCs. SUVmax was significantly higher in tumours with high PD-L1 expression than in those with low PD-L1 expression (SUVmax: 10.2 £4.1 vs. 6.9+
3.2; P<0.001). (b) Correlation between primary tumour TLG and PD-L1 expression in TCs. TLG was significantly higher in tumours with high PD-L1
expression than in those with low PD-L1 expression (TLG: 76.7 £ 64.4 vs. 35.0£20.5; P<0.001). (c) Correlation between SUVmax and PD-L1
expression in TIICs. SUVmax was significantly lower in tumours with high PD-L1 than in those with low PD-L1 expression (SUVmax: 7.0 +3.4 vs.
9.7+4.1; P=0.011). (d) Correlation between primary tumour TLG and PD-L1 expression in TIICs. TLG was significantly lower in tumours with high
PD-L1 expression than in those with low PD-L1 expression (TLG: 29.1 +14.4 vs. 71.3£61.2; P=0.001)

18F_FDG "®F-Fluorodeoxyglucose, NPC nasopharyngeal carcinoma, SUVmax maximum standardized uptake value, 7C tumour cell, 7//C tumour-

infiltrating immune cell, 7LG total lesion glycolysis

(P=0.038) and plasma EBV load (P = 0.025), but not with T
stage (P =0.384) or TLG (P = 0.998; Table 3). After determin-
ing that SUVmax and TLG were correlated with PD-L1 ex-
pression in TCs and that TLG was correlated with PD-L1
expression in TIICs, we used these PET/CT parameters sepa-
rately to predict PD-L1 expression in TCs and TIICs. We
determined that a SUVmax cut-off value of 6.7 and a TLG
cut-off value of 41.3 obtained a maximum accuracy of 78.6%
and 71.4%, respectively, for predicting PD-L1 expression in
TCs. A SUVmax cut-off value of 7.2 obtained a maximum
accuracy of 71.4% for predicting PD-L1 expression in TIICs.

Both SUVmax and TLG/plasma EBV-DNA load were
independently associated with PD-L1 status in TCs/TIICs
in the univariate and multivariate analyses; thercfore, we
analysed the combined effect of SUVmax and TLG/plasma
EBV-DNA on the PD-L1 status of patients with NPC. All
patients were divided into three groups based on SUVmax
and TLG to assess the probability of PD-L1 status in TCs:
a low-probability group (SUVmax < 6.7 and TLG <41.3),

an intermediate-probability group (SUVmax >6.7 and
TLG<41.3 or SUVmax <6.7 and TLG>41.3), and a
high-probability group (SUVmax >6.7 and TLG>41.3).
The probabilities of high PD-L1 status TCs in these groups
were 25%, 67%, and 95%, respectively (P<0.001;
Table 4). This result indicates that high SUVmax and
TLG values predict high PD-L1 expression status in TCs.
Similarly, patients were divided into three groups based on
SUVmax and plasma EBV-DNA to assess the probability
of PD-L1 status in TIICs: a low-probability group
(SUVmax >7.2 and plasma EBV-DNA >50), an
intermediate-probability group (SUVmax < 7.2 and plasma
EBV-DNA >50 or SUVmax >7.2 and plasma EBV-DNA
<50), and a high-probability group (SUVmax < 7.2 and
plasma EBV-DNA < 50). The probabilities of low PD-L1
status in TIICs in these groups were 98%, 82%, and 40%,
respectively (P<0.001; Table 4), suggesting that a high
SUVmax value and a high plasma EBV-DNA load predict
low PD-L1 expression status in TIICs.
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Fig. 2 Representative images of CT (a, ¢), '*F-FDG PET (b, f), PET/CT
(c, g), and immunohistochemistry of PD-L1 expression (d, h) in patients
with NPC

Patient I (upper row) showed intense uptake in nasopharyngeal lesion
(SUVmax =10.0, TLG =89.7), while the proportion of PD-L1
expression in TCs and TIICs was 90% and 10%, respectively (Fig. 2d).
Patient II (lower row) showed lower increased activity in nasopharyngeal

Discussion

No other imaging modality has played such an important role
in the field of immunotherapy as has molecular imaging.
Many preclinical and initial clinical trials have explored the
use of novel molecular imaging agents to map the in vivo
distribution of immunotherapy-related biomarkers or target
immune checkpoints, such as radiolabelled PD-1 and PD-L1
antibodies [26, 27]. However, these imaging agents are yet to
be widely applied in clinical settings, and the relatively low
density of biomarker expression complicates imaging inter-
pretation. Therefore, more universal imaging tracers such as
"E_FDG are being tested in many immunotherapy settings.
In the present study, we found a statistically significant cor-
relation between FDG-PET parameters and PD-L1 expres-
sion in patients with NPC. Generally, primary tumour
SUVmax and TLG were positively related to PD-L1 expres-
sion in TCs, while SUVmax and plasma EBV load were
negatively associated with PD-L1 expression in TIICs.
Previous studies have shown similar findings, i.e. that PD-
L1 expression in TCs was correlated with SUVmax in lung
cancer and bladder cancer [22, 23]. However, these studies
did not analyse the correlation between primary tumour TLG
and PD-L1 status, and they also did not sufficiently study
PD-L1 expression in TIICs. Our results showed that '*F-
FDG PET/CT could be potentially useful for evaluation of
the PD-L1 status in patients with NPC.
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lesion (SUVmax =5.44, TLG =26.81), while the proportion of PD-L1
expression in TCs and TIICs was 10% and 80%, respectively (Fig. 2h).
CT computed tomography, *F-FDG '®F-Fluorodeoxyglucose, NPC
nasopharyngeal carcinoma, PET/CT positron emission tomography/
computed tomography, SUVmax maximum standardized uptake value,
TC tumour cell, 77/C tumour-infiltrating immune cell, 7LG total lesion
glycolysis

However, the specific mechanism behind the correlation
between '®F-FDG uptake and PD-L1 expression is un-
known. It should be noted that although a high tumour stage
independently correlates with increased tracer accumulation,
other factors could be at play in addition to the expression of
PD-L1. There is growing evidence that tumour metabolism
plays an important role in the antitumour immune pathway
[28]. An elevated FDG uptake is usually associated with the
expression of phosphorylated STAT3 (pSTAT3), GLUTI,
and the hypoxia-inducible factor-1 (HIF-1cx) [29], which
represent high TC proliferation, glucose metabolism, and
hypoxia, respectively [30]. In patients with EBV-positive
NPC, latent membrane protein 1 (LMP1) of the EBV has
been reported to increase PD-L1 expression in TCs with a
concomitant increase of pSTAT3, while blocking pSTAT3
reduces LMP1-induced PD-L1 expression [31]. These find-
ings indicate that the positive association between FDG up-
take and PD-L1 expression in TCs may reflect the activation
of the pSTAT3 pathway. In addition, HIF-1x has been re-
ported to mediate intra-tumoural hypoxia and could be im-
plicated in the upregulation of PD-L1 expression in malig-
nant cell downregulation of T cell function [32]. Previous
clinical studies have shown that both primary tumour
SUVmax and TLG predicted unfavourable clinical outcome
[17, 18] and that PD-L1 expression in TCs was also a nega-
tive indicator in NPC [33]. Taken together, primary tumour
SUVmax and TLG may share a signalling pathway with PD-
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Table 2 Univariate analysis of the relationship between PD-L1 expression in TC and TIIC with disease variables
Variable PD-L1 expression in TCs PD-L1 expression in TIICs

Low High P value Low High P value
Age (years) 0.403 0.900
49 (20-72)
Gender 0.885 1.000
Male 16 39 46 9
Female 8 21 25
Histology, WHO type 0.942 1.000
I 2 3 4
I 22 57 67 12
Smoking history 0.890 0.693
Non-smoker 12 31 37
Smoker 12 29 34
T stage 0.044* 0.028*
T1/T2 15 23 28 10
T3/T4 9 37 43 3
N stage 0.608 0.594
NO-N2 17 39 46 10
N3 7 21 25 3
M stage 1.000 0.206
MO 22 54 63 13
Ml 2 6 8 0
Clinical stage 0.240 0.104
/it 15 29 34 10
IVa/b 9 31 37
Plasma EBV-DNA load (IU/ml) 0.816 0.003*
<50 7 16 15 8
>50 17 44 56 5
SUVmax <0.001* 0.003*
<6.7 15 9 <72 21 10
>6.7 9 51 >72 50 3
TLG <0.001* 0.001*
<413 19 19 <53.0 35 13
>41.3 5 41 >53.0 36 0
*P<0.05

L1 expression in TCs, and, hence, all these three factors are
related to adverse clinical outcome in patients with NPC.
However, to truly understand the power of the '*F-FDG cor-
relation with checkpoint expression, a large number of pa-
tients need to be followed to determine if the increased FDG
uptake truly indicates higher checkpoint expression.

PD-L1 expression in TCs has been explored as a biomarker
since the early stages of the development of PD-1/PD-L1
blockades, and it remains under debate whether we should
stain only TCs or both TCs and TIICs. Recently, there have
been a growing number of clinical trials on PD-1/PD-L1
blockades focusing on PD-L1 expression in TCs and TIICs,
both of which may be able to predict immune therapeutic

efficacy [15, 34]. PD-L1 expression in TIICs can be upregu-
lated by exogenous inflammation-mediated immune re-
sponses within the intra-tumoural micro-environment, which
indicates pre-existing immunity [35]. Thus, PD-L1 expression
in TIICs is more strongly associated with the cancer immune
response compared to that in TCs and has been proven as a
favourable prognostic factor in various cancers [36]. In con-
trast, elevated SUVmax in patients with NPC predicts poor
clinical outcome [1, 17, 37]. Enhanced glucose uptake by TCs
deprives T cells of glucose and thus reduces the density of
active T cells [28, 38]. This partly explains the negative asso-
ciation between SUVmax and PD-L1 expression in TIICs.
However, the specific mechanism underlying this negative
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Table 3 Multivariate logistic regression analysis of the relationship between PD-L1 expression in TCs and TIICs with disease variables
Factors OR 95%Cl P value
PD-L1 expression in TCs T stage 0.80 0.20-3.19 0.754
SUVmax 7.81 2.38-25.61 0.001*
TLG 7.56 1.77-32.32 0.006*
PD-L1 expression in TIICs T stage 2.16 0.38-12.24 0.384
Plasma EBV-DNA 5.87 1.25-21.49 0.025%*
SUVmax 5.41 1.10-26.72 0.038*
TLG 0 0.00- 0.998

*P<0.05

association remains unknown and requires verification and
further investigation.

As a way of determining the probability of TCs PD-L1
status, we divided our cohort into three groups based on both
SUVmax and TLG; 95% of the patients in the high-
probability group and 25% of the patients in the low-
probability group had high PD-L1 expression in TCs.
Regarding the probability of PD-L1 status in TIICs, the pa-
tients were also categorized based on both SUVmax and plas-
ma EBV load. A similar trend was observed where 60% of the
patients in the high-probability group and a mere 2% of those
in the low-probability group had a high PD-L1 expression
status. These results may be of significance for patients who
would like to receive PD-1/PD-L1 blockades but are unable or
unwilling to undergo biopsy for PD-L1 status testing.

Compared to previous studies that investigated the corre-
lation between PD-L1 expression and FDG uptake, our study
has the following advantages. First, we used PD-L1 antibod-
ies that were examined in the Blueprint PD-L1 THC Assay
Comparison Project, which had a similar analytical presen-
tation in terms of PD-L1 expression [39]. Second, the tumour
specimens in our cohort were subjected to PD-L1 THC stain-
ing immediately after nasopharyngoscopic biopsy. It has
been shown that more accurate results are obtained using
fresh tissue samples than using archived samples by
avoiding antigen alterations or loss caused by long-term stor-
age [40, 41]. More recently, there is some evidence that

temporal heterogeneity is observed in PD-L1 expression. In
the 2019 ASCO meeting, it was reported that PD-L1 expres-
sion was significantly higher in fresh tissues (PD-L1 staining
at <90 days after biopsy) than in archival tissues (PD-L1
staining at >90 days after biopsy) [42]. Moreover, '°F-
FDG PET scanning of each patient was conducted within
less than 3 weeks of biopsy. Such enrolment criteria may
guarantee robust results regarding the correlation between
FDG and PD-L1 expression.

Despite these strengths, our study has some notable limita-
tions. First, this was a retrospective, single-centre study with a
limited number of patients; therefore, a future multicentred
study with a larger patient population should be conducted
to determine the SUVmax and TLG cut-off values. Second,
our cohort did not include patients who were treated with PD-
1/PD-L1 blockades; therefore, it remains unclear whether 18R
FDG uptake can predict the response and prognosis of immu-
notherapy. Finally, even though '*F-FDG PET/CT may have
moderate prediction performance, it cannot replace pathologic
biopsy for examining PD-L1 status. Specifically, the mecha-
nism underlying the high '*F-FDG uptake in PD-L1-positive
tumours remains unclear. It should be noted that an advanced
tumour stage independently correlates with increased tracer
accumulation and factors other than the simple expression of
PD-L1 could influence '*F-FDG uptake. As such, future im-
mune PET with PD1/PD-L1-targeted agents may provide in-
formation complementing that obtained via '*F-FDG PET;

Table 4 Combined factors to predict the probability of PD-L1 status in TCs and TIICs

Probability Number PD-L1 status(%) P value
Low High

PD-L1 expression in TCs Low 16 12 (75%) 4 (25%) <0.001
Moderate 30 10 (33%) 20 (67%)
High 38 2 (5%) 36 (95%)

PD-L1 expression in TIICs Low 40 39 (98%) 1 2%) <0.001
Moderate 34 28 (82%) 6 (18%)
High 10 4 (40%) 6 (60%)
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such strategies could provide additional stratification informa-
tion beyond that possible to obtain with '*F-FDG PET.

Conclusion

"F_FDG uptake in NPC lesions was positively correlated
with PD-L1 expression in TCs and negatively correlated with
PD-L1 expression in TIICs. Therefore, '*F-FDG PET/CT im-
aging may be a useful alternative non-invasive strategy for
predicting the PD-L1 status in patients with NPC, especially
for those who cannot or are unwilling to undergo pathologic
biopsy. Further prospective studies should validate this
association.
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