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Abstract

Background Despite the success of PD-1 blockade in recurrent/metastatic nasopharyngeal carcinoma (NPC), its effect for
locoregionally advanced NPC (LANPC) remains unclear. This study aimed to evaluate the benefit of adding PD-1 blockade
to the current standard treatment (gemcitabine and cisplatin IC <induction chemotherapy> plus cisplatin CCRT <concurrent
chemoradiotherapy>) for LANPC patients.

Methods From January 2020 to November 2022, 347 patients with non-metastatic high-risk LANPC (stage ITI-IVA, exclud-
ing T3-4N0) were included. Of the 347 patients, 268 patients were treated with standard treatment (IC-CCRT), and 79
received PD-1 blockade plus IC-CCRT (PD-1 group). For the PD-1 group, PD-1 blockade was given intravenously once
every 3 weeks for up to 9 cycles (3 induction and 6 adjuvant). The primary endpoint was disease-free survival (DFS) (i.e.
freedom from local/regional/distant failure or death). The propensity score matching (PSM) with the ratio of 1:2 was per-
formed to control confounding factors.

Results After PSM analysis, 150 patients receiving standard treatment and 75 patients receiving additional PD-1 blockade
remained in the current analysis. After three cycles of IC, the PD-1 group had significantly higher rates of complete response
(defined as disappearance of all target lesions; 24% vs. 9%; P=0.006) and complete biological response (defined as unde-
tectable cell-free Epstein-Barr virus DNA, cfEBV DNA; 79% vs. 65%; P=0.046) than that in the standard group. And the
incidence of grade 3—4 toxicity during IC was 47% in the PD-1 group and 41% in the standard group, with no significant
difference (P=0.396). During follow-up period, additional PD-1 blockade to standard treatment improved 3-year DFS from
84 to 95%, with marginal statistical significance (HR, 0.28; 95%CI, 0.06-1.19; P=0.064).

Conclusion Additiaonl PD-1 blockade to gemcitabine and cisplatin IC and adjuvant treatment results in significant improve-
ment in tumor regression, cfEBV DNA clearance, superior DFS, and comparable toxicity profiles in high-risk LANPC
patients.
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Introduction

Nasopharyngeal carcinoma (NPC) is highly prevalent in
specific geographic regions, with 40% of the world’s cases
in southeast China [1]. The control of early-stage NPC
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(stage I-1I) is usually successful; however, the prognosis
of patients with locoregionally advanced disease (stage I11-
IVA) remains unsatisfactory, with nearly 30% patients expe-
riencing disease progression [2, 3]. According to the latest
staging system [4], over 70% of NPC patients present with
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locoregionally advanced disease [5]. Managing advanced
disease poses a challenge for clinicians.

According to the 2022 National Comprehensive Cancer
Network (NCCN) guidelines, induction chemotherapy (IC)
plus concurrent chemoradiotherapy (CCRT) has been listed
as a level 1 recommendation for locoregionally advanced
NPC (LANPC) [6]. A multicentre phase 3 trial showed that
the addition of induction TPF regimen (e.g. docetaxel, cis-
platin, and fluorouracil) to CCRT resulted in better 3-year
overall survival (OS), distant metastasis-free survival
(DMFS), and disease-free survival (DFS) in LANPC with
absolute improvements of 6%, 7%, and 8%, respectively
[7]. Another multicentre phase 3 trial observed that adding
induction gemcitabine and cisplatin (GP) to CCRT signifi-
cantly improved 3-year OS (with a 4% absolute benefit) and
DMEFS (with a 7% absolute benefit) [8]. Based mainly on
the findings of these two trials, the IC regimens of TPF and
GP were consequently recommended as level 1 A evidence
for LANPC [6, 9]. However, despite the addition of three
cycles of induction TPF or GP regimens to CCRT, nearly
20-30% of LANPC patients still experience disease failure
[10, 11]. Therefore, more effective treatment strategies are
needed to further improve the prognosis of LANPC.

In recent years, immunotherapy, especially PD-1/PD-L1
inhibitors, has sparked a revolution in the clinical manage-
ment of cancer. NPC exhibits high levels of PD-L1 expres-
sion (over 90% of tumour cells) and abundant infiltration
lymphocytes [12—-14], suggesting that NPC patients may
be potentially suitable for PD-1 blockade therapy. To date,
various PD-1 blockades have been evaluated in recurrent
or metastatic NPC (R/M-NPC) [15-17]. Particularly, recent
phase 3 trials have confirmed the effectiveness of combin-
ing GP chemotherapy with PD-1 blockades in R/M NPC
[18, 19]. The combination of PD-1 blockades (e.g. tori-
palimab and camrelizumab) with the GP regimen was sub-
sequently approved for R/M NPC by the Chinese Medical
Products Administration in 2021 [9]. However, the efficacy
and safety of adding PD-1 blockade to the standard treat-
ment (gemcitabine and cisplatin IC plus cisplatin CCRT) in
LANPC remain unclear.

To address the current knowledge gaps, we conducted a
real-world study using two different IC therapies consisting
of GP with or without PD-1 blockade, followed by CCRT
for high-risk LANPC. For the standard group, patients were
treated with induction GP regimen followed by CCRT. For
the PD-1 group, PD-1 blockade was given intravenously
once every 3 weeks for up to 9 cycles (3 induction and 6
adjuvant). The propensity score matching (PSM) analysis
was performed to mitigate potential interference result-
ing from imbalanced patient characteristics between the
study groups. This study may serve as a reference for the
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combination of PD-1 blockade with IC-CCRT in the treat-
ment of LANPC.

Patients and methods
Patient selection

Medical records of patients diagnosed with non-metastasis
NPC at our institution between January 2020 and Novem-
ber 2022 were reviewed. The inclusion criteria were as
follows: (a) pathological diagnosis of undifferentiated non-
keratinizing carcinomas of the nasopharynx; (b) absence of
distant metastases; (c) staging with III-IVA disease (except
T3-4N0; according to the 8th AJCC staging system); (d)
age 18 years or older with adequate bone marrow, renal,
and hepatic functions; (e) receipt of three cycles of IC with
GP +/- PD-1 blockade followed by CCRT; (f) available
imaging evaluation after the last cycle of IC; (h) available
quantification of cell-free EBV DNA (cfEBV DNA) before
treatment and after every IC cycle; (i) receipt of six cycles
PD-1 blockade as adjuvant therapy for the PD-1 group.
The patient inclusion process is illustrated in Fig. 1. This
study was approved by the Institutional Review Commit-
tee and Ethics Committee of our center (approval number,
B2022-016-01).

Treatment protocol

All patients received radical intensity-modulated radiother-
apy (IMRT). Detailed information on IMRT is available in
Supplementary Materials. For the standard group, patients
were treated with gemcitabine (I g/m? on days 1,8) and
cisplatin (80 mg/m? on day 1) IC plus cisplatin CCRT. For
the PD-1 group, besides IC-CCRT, additional PD-1 block-
ade was given intravenously once every 3 weeks for up to
9 cycles (3 induction and 6 adjuvant). The PD-1 blockades
used in the current study included toripalimab, pembroli-
zumab, tislelizumab, sintilimab, and carelizumab. Patients
received toripalimab at a fixed dose of 240 mg or other PD-1
blockades (i.e., pembrolizumab, tislelizumab, sintilimab, or
carelizumab) at a fixed dose of 200 mg, all once every 3
weeks. Dose modifications of PD-1 blockade were not per-
mitted. Modification of gemcitabine and cisplatin doses was
done according to the locally approved product information.
During CCRT, cisplatin (100 mg/m? on days 1, 22, and 43)
was administered intravenously.
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Newly diagnosed LANPC patients treated
by IC-CCRT +/- PD-1 blockade from
FHSYSU between 2020 and 2022 (n = 395)

Included criteria
a) Newly diagnosed stage [II-IVA (except T3-4NO) NPC

v
Eligible patients
(n=347)

based on the 8" edition of AJCC/UICC staging system

b) Age between 18-70 years old

c) Pathologically diagnosed non-keratinizing NPC

d) Treated with three cycles of NAC (GP +/- PD-1
blockade) followed by CCRT

e) Receipt of six cycles PD-1 blockade as adjuvant
therapy for the PD-1 group

f) Available imaging evaluation after last cycle of NAC

g) Available cfEBV DNA quantification before treatment
and after every NAC cycle.

h) Complete clinical data and follow-up information

v
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PD-1 group Propensity score Standard group
(n=179) matching (1:2) (n=268)
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PD-1 group Standard group
(n=175) (n=150)
y
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Analysis of tumor response, biological response, and
adverse events to IC in propensity score matched cohorts
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v
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Fig. 1 Flow chart of participant inclusion. Abbreviations:

LANPC=locoregionally advanced nasopharyngeal carcinoma;
IC=induction chemotherapy; CCRT=concurrent chemoradio-
therapy; FHSYSU =Fifth Affiliated Hospital of Sun Yat-Sen Uni-

Longitudinal cell-free EBV DNA (cfEBV DNA)
surveillance

Quantitative reverse transcription polymerase chain reaction
was used to determine cfEBV DNA levels at the following time

versity; EBV=Epstein—Barr virus; LDH=Ilactate dehydrogenase;
WHO = World Health Organization; Standard group =IC-CCRT; PD-1
group =IC-CCRT plus PD-1 blockade (3 induction and 6 adjuvant)

points: 2 weeks before the initiation of IC (pretreatment) and
after each cycle of IC (post-IC). Changes in cfEBV DNA from
baseline to the first cycle of IC (post-IC,) and the last cycle of
IC (post-IC;) were described. cfEBV DNA=0 copies/mL was
defined as undetectable cfEBV DNA, and ¢fEBV DNA>0
copies/ml was defined as detectable cfEBV DNA. Patients
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with undetectable cfEBV DNA after IC were defined as hav-
ing a complete biological response (cBR). The quantification
of cfEBV DNA is described in Supplementary Materials.

Assessment of tumor response and toxicity

The Response Evaluation Criteria in Solid Tumors version
1.1 (RECIST 1.1) [20] was used to assess the tumor response
to IC. The evaluation of the tumor response rate in patients
was mainly based on primary lesions and cervical lymph
nodes. In detail, complete response (CR) was defined as the
complete disappearance of target lesions. Partial response
(PR) was defined as a 30% or greater reduction in the total
diameter compared to baseline. Progressive disease (PD)
was defined as a 20% or greater increase in the total diam-
eter compared to baseline. Changes that neither reached the
level of reduction for PR nor the level of increase for PD
were defined as stable disease (SD). Objective response
(OR) was defined as complete or partial response confirmed
by radiology. The severity of adverse events was graded
according to the Common Terminology Criteria for Adverse
Events (CTCAE - Version 5.0) [21].

Immunohistochemistry staining and evaluation

To investigate the relationship between PD-L1 expression
and tumor response to the addition of PD-1 blockade, PD-L1
expression on human NPC tissues from the PD-1 group
was determined by immunohistochemistry (IHC) staining.
First, tumor slices obtained from paraffin-embedded tumor
blocks were placed on slides, and then rabbit anti-human
PD-L1 monoclonal antibody (1:200; E1L3N, Cell Signaling
Technology) was used for staining. All slides were scanned
and further analyzed with digital images. The rate of posi-
tive PD-L1 expression in digital images (tumor proportion
score, TPS) was independently evaluated by three expe-
rienced pathologists using the same microscope, and the
average TPSs from each examiner per case was recorded.
Sections with >10% tumor staining were considered to
have high expression.

Statistical analysis

Participants were divided into two groups, receiving stan-
dard treatment with or without PD-1 blockade: the stan-
dard group vs. the PD-1 group. We used the PSM method
to select patients who received IC-CCRT, either alone or in
combination with PD-1 blockade. PSM is a method used to
create sets of similar cases (the standard group) and con-
trol sets (the PD-1group) from existing datasets to reduce
potential biases in retrospective analysis [22]. The PD-
lgroup and the standard group were matched at a ratio of
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1:2 without replacement based on individual covariates.
The propensity score for each patient was calculated using
logical regression based on the following covariables: age,
gender, body mass index (BMI), T stage, N stage, overall
stage, and cfEBV DNA. The balance of covariates between
the two study groups were examined using a x2 test.

The primary endpoint of the study was DFS, defined
as the time from the date of the first treatment to the any
documented disease progression or death form any cause,
whichever occurred first. Secondary endpoints included
cfEBV DNA clearance, toxicity profile, and OS. OS was
defined as the time from the date of the first treatment to
the date of death. The rates of tumor response, biological
response (cfEBV DNA clearance), and toxicity were com-
pared using the y? test. Survival rates based on these end-
points (i.e. disease failure and death) were estimated using
the Kaplan—-Meier method. The changing trend in survival
rate among different groups was compared using the log-
rank test. Other clinical outcomes and demographic char-
acteristics were summarized descriptively. The statistical
tests were double-sided, with a significance level set at 0.05.
The analyses were conducted using R version 4.1.0 (https://
WWW.T-pro-ject.org/).

Results
Patient characteristics

We identified 347 eligible patients who were diagnosed
at our hospital during January 2020 and November 2022
from a specific NPC database. The patient inclusion pro-
cess is displayed in Fig. 1. In terms of induction regimens,
268 patients received standard treatment, while 79 patients
were treated with the addition of PD-1 blockade to standard
treatment. Table S1 presents the baseline characteristics
of the standard group and PD-1 group. Significant differ-
ences were observed between the two groups in terms of
BMI (<1.80 m? vs. > 1.80 m?) and ¢fEBV DNA (Undetect-
able vs. Detectable) (all P<0.05). PSM was performed to
minimize the potential interference caused by imbalanced
characteristics of the patients in the study group. Subse-
quently, 150 patients received standard treatment and 75
patients who received the combination of standard treat-
ment and PD-1 blockade remained in the current analysis
after PSM. The baseline characteristics of the two groups
were well balanced (all P> 0.05, as shown in Table 1). The
subsequent analyses were conducted based on the matched
cohort. Additionally, nearly 50% of patients in the PD-1
group received toripalimab (n=34; 45%), while other
PD-1 blockades included pembrolizumab (n=16; 21%),
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Table 1 Baseline patient characteristics in the matched cohort

Characteristic No. (%) of patients by P
treatment strategy value®
Entire GPalone  GP+PD-1
cohort (n=150)  blockade
(n=225) (n=75)
Age, years 0.794
<45 103 (45.8) 70 (46.7) 33 (44.0)
>45 122 (54.2) 80(53.3) 42 (56.0)
Gender 0.999
Male 166 (73.8) 111 (74.0) 55(73.3)
Female 59(26.2) 39(26.0) 20(26.7)
BMI, m’ 0.101
<1.80 109 (48.4) 79(52.7) 30 (40.0)
>1.80 116 (51.6) 71(47.3) 45 (60.0)
T stage® 0.865
T1-2 47(209) 32(21.3) 15(20.0)
T3-4 178 (79.1) 118 (78.7) 60 (80.0)
N stage® 0.568
N1 42 (18.7)  25(16.7) 17 (22.7)
N2 140 (62.2) 96 (64.0) 44 (58.7)
N3 43 (19.1)  29(19.3) 14 (18.7)
Overall stage® 0.886
111 137(60.9) 92 (61.3) 45(60.0)
IVA 88(39.1) 58(38.7) 30(40.0)
cfEBV DNA, copy/ 0.876
mL
Undetectable 61 (27.1) 40(26.7) 21(28.0)
Detectable 164 (72.9) 110(73.3) 54 (72.0)

Abbreviations BMI, body mass index; cfEBYV, cell-free Epstein-Barr
virus; GP, cisplatin with gemcitabine

2P values were calculated using the chi-square test or Fisher exact
test if indicated

According to the 8th edition of the American Joint Committee on
Cancer staging system

tislelizumab (n=10; 13%), sintilimab (n=9; 12%), and
carelizumab (n=6; 8%) in descending order.

Additional PD-1 blockades and the antitumor
activity in the induction GP regimen

In the standard group, 14 patients (9.3%) achieved complete
response, 125 (83.3%) had partial response, 8 (5.3%) had
stable disease, and 3 (2%) had progressive disease (Fig. 2A).
In the PD-1 group, 18 patients (24%) achieved complete
response, 53 (70.7%) had partial response, 6 (4%) had sta-
ble disease, and 1 (1.3%) had progressive disease (Fig. 2B).
Although the objective response rates were similar between
both groups (92.7% [139/150] vs. 94.7% [71/75]; P=0.777;
Fig. 2C), the proportion of patients achieving complete
response in the PD-1 group was significantly higher than
that in the standard group (24% [18/75] vs. 9.3% [14/150];
P=0.006; Fig. 2D). In multivariate analyses, the addition
of PD-1 blockade was a favorable prognostic factor for

complete response (RR [relative risk]: 0.65; 95% CI: 0.31-
0.92; P=0.014). To determine whether the addition of PD-1
blockade to the standard treatment provides any additional
survival benefit in LANPC, we performed survival compar-
isons between the two treatment groups. During the median
follow-up of 26.5 months, the 3-year DFS rates were 84.1%
in the standard group and 94.6% in the PD-1 group (HR,
0.28; 95%CI, 0.06-1.19; P=0.064; Fig. 3A); and the 3-year
OS rates were 93.1% and 97.7%, respectively (HR, 0.41;
95%ClI, 0.05-3.29; P=0.383; Fig. 3B).

Association of additional PD-1 blockade with higher
cBR

To evaluate the value of additional PD-1 blockade in clear-
ing cfEBV DNA during induction therapy, we excluded
62 patients who had undetectable cfEBV DNA before
treatment. Therefore, 107 patients (107/150; 71.3%) in
the standard group and 56 patients (56/75; 74.7%) in the
PD-1 group remained in the biological response analysis.
At post-IC1, the standard group had a comparable rate of
cBR to that in the PD-1 group (59 [55.1%] vs. 30 [53.6%];
P=0.962; Fig. 3C). In contrast, the proportion of patients
with cBR post-IC3 in the PD-1 group was significantly
higher than that in the standard group (44 [78.6%] vs. 70
[65.4%]; P=0.046; Fig. 3D).

Acute adverse events during induction therapy

We compared the adverse events during induction therapy
between the standard group and the PD-1 group (Table 2).
We found that among the 61 patients (40.7%) in the stan-
dard group, 35 patients (46.7%) in the PD-1 group experi-
enced severe adverse events, with no significant difference
between the two groups (P=0.396). The most common
severe adverse events included neutropenia (22.7% vs.
25.3%; P=0.739), leucopenia (11.3%vs. 14.7%; P=0.399),
vomiting (9.3% vs. 8.0%; P=0.809), and nausea (7.3% vs.
6.7%; P=0.999) in both groups. For immune-mediated
adverse events, the PD-1 group also had a higher incidence
of grade 3—4 hypothyroidism, thyroiditis, stomatitis, and
interstitial pneumonitis compared to the standard group.
However, only 5 out of 75 patients (6.7%) in the PD-1 group
experienced severe immune-related adverse events, and no
significant difference was observed. In addition, there were
no reported deaths during the study.

Correlation between PD-L1 expression and response
to induction GP plus PD-1 blockade

Tumor PD-L1 expression was assessed in 63 patients from
the PD-1 group. The IHC analysis showed that all these
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Fig. 2 The distribution of tumor response for (A) induction GP alone
group and (B) induction GP+PD-1 blockade group; Comparison of
(C) objective response and (D) complete response between induction

patients had positive PD-L1 expression on NPC cells
(defined as PD-L1 positive staining on > 1% of tumor cells;
Fig. 4A). The median PD-L1 expression on NPC cells was
10% (range, 1-80%). Therefore, a uniform cutoff point of
10% (< 10% vs. >10%) was chosen to categorize patients
into high and low PD-L1 expression groups. Interestingly,
the proportion of patients with high PD-L1 expression
(defined as PD-L1 positive staining on >10% of tumor
cells; Fig. 4B) was significantly higher in CR patients than
in non-CR patients (76.9% vs. 48.8%; P=0.012; Fig. 4C).
In addition, we also observed that patients without disease
progression were more likely to have high PD-L1 expres-
sion compared to those with disease progression (56.7% vs.
33.3%; P=0.027; Fig. 4D).
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IC regimen

GP alone and induction GP+PD-1 blockade. Abbreviations CR, com-
plete response; PR, partial response; SD, stable disease; PD, progres-
sive disease; GP, gemcitabine and cisplatin; IC, induction regime

Discussion

We conducted this study to evaluate the efficacy and safety
of adding PD-1 blockade to IC-CCRT for LANPC patients,
and our results suggested that GP induction therapy with
PD-1 blockade has a strong effect on tumour shrinkage and
tumour marker clearance, with manageable side effects.
More importantly, the addition of 9 cycles PD-1 blockade
(3 induction and 6 adjuvant) to standard treatment shows
an improving trend in DFS, despite the limited follow-up
time. This study may provide a reference for the treatment
of high-risk LANPC.

Currently, the NCCN Guidelines recommend both TPF
and GP as induction regimens for LANPC (Category 1 A)
[6]. However, the choice of the optimal induction regi-
men for LANPC patients remains unclear due to the lack
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Table 2 Acute toxicity during induction chemotherapy

Variable GP alone GP+PD-1 P
(n=150,%) blockade value®
(n=75,%)
Adverse events during induction chemotherapy
Any toxicity 61 (40.7) 35 (46.7) 0.396
Neutropenia 34 (22.7) 19 (25.3) 0.739
Leucopenia 17 (11.3) 11 (14.7) 0.399
Vomiting 14 (9.3) 6 (8.0) 0.809
Nausea 11(7.3) 5(6.7) 0.999
Thrombocytopenia 10 (6.7) 5(6.7) 0.999
Hepatoxicity 42.7) 4(5.3) 0.446
Anaemia 3(2.0) 3(4.0) 0.403
Nephrotoxicity 2(1.3) 2(2.7) 0.602
Allergic reaction 1(0.7) 1(1.3) 0.999
Immune-related adverse events
Hypothyroidism 0 2(2.7) 0.110
Thyroiditis 0 1(1.3) 0.333
Stomatitis 1(0.7) 1(1.3) 0.999
Interstitial pneumonitis 0 1(1.3) 0.333

Abbreviations GP, cisplatin with gemcitabine

2P values were calculated using the chi-square test or Fisher exact
test if indicated

34 (109) 5(137)
4(70) 0(74)

GP alone
IC regimen

GP + PD-1 blockade

of direct comparisons between TPF and GP regimens. In
our study, we evaluated the efficacy and toxicity of com-
bining PD-1 blockade with the GP regimen for high-risk
LANPC patients. There are several reasons for selecting
GP regimens. Firstly, a retrospective study [23] comparing
the efficacy of GP plus CCRT versus TPF plus CCRT for
LANPC showed no significant differences in OS and PFS
between the two groups at 3 years. However, compared to
the GP scheme, the TPF regimen was related to more >3
grade adverse events. Consistent with the retrospective
study, a recent meta-analyses [24] based on eligible trials
also reported that the TPF regimen had a higher incidence
of toxicity than the GP regimen for LANPC patients. More-
over, they found that patients treated with the GP regimen
had better OS and DMFS than those treated with the TPF
induction regimen. Secondly, gemcitabine, as a nucleosides
mimic, has the potential to consume immunosuppressive
cells and activate the antitumor immune response [25, 26].
Given its synergy with immunotherapy and lower incidence
of severe adverse events compared to TPF, the GP regimen
was chosen as the combination regimen with PD-1 blockade
in the present study.

Tumor response rate is an important indicator for the
efficacy of therapy. In LANPC patients, a multicenter phase
3 trial found 94.6% of the patients achieved an objective
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response after three cycles of NAC with the GP regimen,
with 10% achieving complete response and 84.5% achiev-
ing partial response [8]. Consistent with this phase 3 trial,
our study observed comparable rates of objective response
(92.7%) and complete response (9.3%) with induction GP
alone. Moreover, we found the objective response rates were
similar between the induction GP alone and the induction
GP+PD-1 blockade. This is reasonable as three cycles of
IC with GP already provide an excellent objective response,
the the additional benefit of PD-1 blockade on objective
response would be limited. However, our results showed
that induction GP + PD-1 blockade achieved a higher rate of
complete response than induction GP alone. One potential
reason for the promising outcomes of adding PD-1 block-
ade to the GP regimen may be the synergistic effect, as the
combination of chemotherapy and PD-1 blockade not only
directly kills tumor cells but also has a synergistic effect
on eliminating or modulating immune suppressive cells in
the tumor microenvironment [27, 28]. We also evaluated
the survival benefits of adding PD-1 blockade to standard
treatment. Compared to the standard group, the PD-1 group
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of disease progression between patients with high and low PD-L1
expression

showed superior DFS and OS at 3 years; however, the dif-
ferences in survival rates were not statistically significant.
The failure to demonstrate statistical significance may be
due to the limited follow-up time and the small number of
patients investigated.

NPC is mainly associated with EBV infection in endemic
areas [29]. cfEBV DNA is considered to be a useful bio-
marker for population screening [30], prognosis prediction
[31], and treatment decisions [32]. The predictive and prog-
nostic role of baseline cfEBV DNA in NPC treated with
PD-1 blockade is still understudied. Compared with the
baseline cfEBV DNA, the dynamic change in cfEBV DNA
during treatment could be a more reliable biomarker for
prognosis evaluation. Lv et al. [33] reported in a retrospec-
tive study of 673 patients that the dynamics of cfEBV DNA
clearance during IC were a reliable prognostic predictor for
NPC, with early responders showing faster cfEBV DNA
clearance during IC and a longer survival time. In this study,
the addition of PD-1 blockade to induction GP regimen sig-
nificantly improved the incidence of cfEBV DNA clearance,
and patients with undetectable cfEBV DNA at post-IC3 had
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a significantly higher rate of complete response. Consistent
with our study, the CAPTAIN-1st trial [18] demonstrated
that the early clearance of cfEBV DNA was related to a high
response rate to the camrelizumab combined GP regimen.
Similarly, in a phase I study of camrelizumab combined
with GP, NPC patients who had undetectable cfEBV DNA
after the first month of therapy had significantly longer DFS
than those with detectable cfEBV DNA at baseline [34].

The safety profiles of induction GP regimen observed in
our study were consistent with those in other studies [8].
Notably, the most common treatment-related adverse events
of induction GP regimen were haematological and gastro-
intestinal toxicities, which were alleviated after treatment.
Although the addition of PD-1 blockade to the induction
GP regimen resulted in higher incidences of severe adverse
events, the higher incidence of toxicities was mainly attrib-
uted to chemotherapy. On the other hand, the incidence of
severe immune-related adverse events in the PD-1 group
was only 6.7% (5/75), and the main immune-related tox-
icities were hypothyroidism, which was similar to previous
studies [34]. These data indicate that three cycles of induc-
tion GP plus PD-1 blockade are generally manageable in
LANPC patients.

Identifying biomarkers for predicting tumor response is
crucial. Tumor PD-L1 expression is the most commonly used
biomarker for predicting the response to PD-1 blockade. In
the current study, we found that patients who achieved a
complete response after induction GP+PD-1 blockade ther-
apy were more likely to have high levels of PD-L1 expres-
sion. Consistent with our findings, a descriptive analysis
showed that patients with higher PD-L1 expression lev-
els responded better to nivolumab than those with PD-L1
negative tumors [35]. However, a meta-analysis involving
1836 NPC patients from 15 studies on PD-L1 expression
suggested that the expression level of PD-L1 may not be
a reliable prognostic biomarker for NPC [36]. Similarly,
the phase III JUPITER-02 study evaluated the predictive
value of PD-L1 expression in patients with advanced NPC
and found a clinical benefit from the combination of PD-1
inhibitor and GP regimen regardless of PD-L1 expressions
[19]. In general, the current study did not establish PD-L1
expression as the best biomarker for predicting the efficacy
and prognosis of immunotherapy in NPC. Further studies
are needed to explore predictive biomarkers derived from
peripheral blood or tumor tissues, such as actionable hot
spot mutations and tumor mutational burdens, for selecting
NPC patients for the combination of standard treatment and
PD-1 blockade [15, 35, 37].

One of the main advantages of this study was the head-
to-head comparison of LANPC patients who received stan-
dard treatment with or without PD-1 blockade using the
PSM method in each group. This not only addressed various

confounding factors but also mitigated the selection bias
related to retrospective analysis. Another advantage was
that observational data from real medical records reflected
the actual medical process and the health status of patients
under real-world conditions. However, some limitations
should be noted. The main limitations included the lack of
randomization and limited follow-up time. The population
that would benefit from the addition of PD-1 blockade to
the induction GP regimen still needs to be confirmed in pro-
spective studies with longer follow-up time. Another limi-
tation was the heterogeneity of the PD-1 inhibitors due to
the retrospective study design. However, to date, there is
no evidence indicating one PD-1 inhibitor is superior, and
all PD-1 inhibitors used in our study were approved by the
China Food and Drug Administration.

In conclusion, this study provides the first evidence
that adding 9 cycles of PD-1 blockade (3 induction and 6
adjuvant) to standard treatment translates into a 10-per-
centage-point advantage in DFS over standard treatment.
Moreover, adding PD-1 inhibitors to the backbone of GP
induction therapy could improve the CR rates and cfEBV
DNA clearance, with manageable adverse events. Although
our research results are not sufficient to change the exist-
ing treatment modalities, they may provide confidence and
references for future prospective studies on combined che-
motherapy and PD-1 inhibitors for the treatment of LANPC.
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