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Abstract. Nasopharyngeal carcinoma (NPC) is an epithelial
tumor located in the nasopharynx and is highly associated
with Epstein-Barr virus (EBV) infection. Although radio-
therapy alone can cure ~90% of patients with early-stage
disease, >70% of patients with NPC have locoregionally
advanced or metastatic disease at the first diagnosis due to the
insidious and aggressive nature of NPC. After comprehensive
radiochemotherapy, 20-30% of patients with advanced NPC
still fail treatment, mainly due to recurrence and/or metastasis
(R/M). Conventional salvage treatments, such as radiotherapy,
chemotherapy and surgery, are suboptimal and frequently
accompanied by severe adverse effects and limited efficacy.
In recent years, immunotherapy has emerged as a promising
treatment modality for R/M NPC. An increasing number of
clinical studies have investigated the safety and efficacy of
immunotherapy for advanced NPC and have shown consider-
able progress. In the present review, the rationale for the use of
immunotherapy to treat NPC was summarized and the current
status, progress and challenges of NPC clinical research on
different immunotherapeutic approaches were highlighted,
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including immune checkpoint inhibitors, vaccines, immu-
nomodulators, adoptive cell transfer and EBV-specific
monoclonal antibodies. The comprehensive overview of
immunotherapy in NPC may provide insight for clinical
practice and future investigation.

Contents

Introduction

Rationale of immunotherapy for NPC
Active immunotherapy

Passive immunotherapy

Conclusion

Al

1. Introduction

Nasopharyngeal carcinoma (NPC) is an epithelial tumor of
the head and neck with a well-defined geographical distribu-
tion (1). According to global cancer statistics from 2020, >75%
of NPC cases are diagnosed in Southeast Asia and Southern
China (2). NPC is thought to be mediated by the interaction
of Epstein-Barr virus (EBV) infection, environmental factors
(diet and smoking) and genetic susceptibility [high-risk human
leukocyte antigen (HLA) allotypes] (Fig. 1) (3). The non-kera-
tinizing subtype accounts for >95% of NPCs in endemic
areas, while it accounts for 75% in the United States (4). This
unique geographic distribution is etiologically attributable
to genetic and environmental factors (5-8). In addition, EBV
infection is ubiquitous in non-keratinizing NPC and has an
important pathogenic role (9). Furthermore, the interaction
of unique genetic factors and EBV variants may lead to an
increased risk of persistent infection and clonal expansion of
EBV-infected epithelial cells, ultimately culminating in an
invasive phenotype promoting NPC progression (10,11). Of
note, improvements in diagnostic imaging technology, the
widespread use of intensity-modulated radiotherapy (IMRT)


https://www.spandidos-publications.com/10.3892/ijo.2023.5545

2 HUANG et al: IMMUNOTHERAPY FOR NPC

and the optimization of chemotherapy regimens have signifi-
cantly improved the survival of patients with NPC (12-14).
Approximately 90% of patients with early-stage disease can
be cured by IMRT alone (15). However, due to the hidden
anatomical location of the nasopharynx and atypical early
symptoms, >70% of patients with NPC are at stage III or IV
at the time of initial diagnosis (16). Approximately 20-30%
of patients with advanced NPC still fail treatment, mainly
because of recurrence and/or metastasis (R/M) (17).

Conventional salvage treatments for R/M NPC include
radiotherapy, chemotherapy and surgery (Fig. 2), but none are
satisfactory. Current NCCN Head and Neck Cancer Clinical
Practice Guidelines® (https://www.nccn.org/) recommend
gemcitabine plus cisplatin (GP) (Category 1 recommendation)
as the preferred first-line systemic treatment for R/M NPC.
However, the prognosis of these patients remains suboptimal,
with a median overall survival (OS) of ~20-30 months (18,19).
Furthermore, the outcome of patients with advanced recurrent
disease who undergo salvage IMRT is poor, with a 5-year
survival rate of ~30%, and radiation-induced injuries are
also serious, with 46-70% of all deaths being due to severe
radiotherapy sequelae (20,21). Therefore, R/M has become a
challenge and research priority in the clinical management
of NPC. Novel treatment strategies are desperately needed to
improve the prognosis of patients with advanced NPC.

In recent years, immunotherapy has sparked a revolution
in the clinical management of cancer. Immunotherapy acti-
vates the immune response in the tumor microenvironment
by altering the biological properties of immune effector cells,
thereby inhibiting or killing cancer cells (22). At present,
immunotherapy has emerged as a promising treatment
modality for R/M NPC. An increasing number of clinical
studies have investigated the safety and efficacy of immu-
notherapy for advanced NPC and have shown considerable
progress. In general, immunotherapy for NPC may be divided
into two major approaches: i) Active immunotherapy, which
relies on the ability of the patient's immune system to mount
a specific immune response to tumor-associated antigens
and includes immune checkpoint inhibitors (ICIs), vaccines
and immunomodulators; and ii) passive immunotherapy,
which uses exogenous lymphocytes or antibodies to mediate
immune responses and immune stimulation, such as adoptive
cell transfer (ACT) and EBV-specific monoclonal antibodies
(Fig. 3). In the present article, the available clinical evidence
on different immunotherapeutic approaches for NPC was
reviewed and summarized to provide insight for future inves-
tigation.

2. Rationale of immunotherapy for NPC

Studies have indicated that NPC is primarily suitable for
immunotherapy due to the following reasons: The expression
of EBV antigens and CD4*/CD8* T-cell target proteins (23,24),
massive lymphocytic infiltration (25), programmed death
ligand-1 (PD-L1) expression of up to 89-95% (26) and the pres-
ence of several key immune molecules (CD40, CD70, CD80
and CD86) that regulate T-cell activation (27). In China, >95%
of NPCs are undifferentiated nonkeratinizing carcinomas and
are widely considered to be associated with EBV infection (12).
EBV exists in a type II latency state and has an important

role in inducing NPC development (Fig. 1) (1). EBV-infected
nasopharyngeal epithelial cells usually express EBV antigens,
including Epstein-Barr nuclear antigen 1 (EBNAI), latent
membrane protein 1/2 (LMP1/2) and BamH1-A right frame 1
(BARFI) (28). EBNAI induces the transformation of nasopha-
ryngeal epithelial cells into NPC cells and is associated with
invasion and metastasis of NPC (29). EBNAI is a major target
of CD4* T cells (30). LMP1 promotes cancer cell growth
during NPC development and promotes NPC cells to interact
with surrounding stromal cells and induce invasion, angiogen-
esis and immune regulation (31). LMP1 is detected in 100% of
preinvasive NPC and ~50% of advanced diseases (32). LMP2
contains substantial CD8* T-cell epitopes and is therefore
considered to be a major target for CD8* T cells (33).

NPC is characterized by numerous immune infiltrates in
the primary tumor, including T cells, B cells, dendritic cells
(DCs), monocytes and eosinophils (34). However, due to the
immunosuppressive tumor microenvironment, NPC cells
can continue to proliferate (35). Data from whole-exome
sequencing and single-cell sequencing studies have
gradually revealed the immune profile of NPC (36,37). The
immunosuppressive tumor microenvironment in NPC is
infiltrated by dysfunctional and depleted CD8* T cells and
effector T cells that overexpress suppressive immune check-
point signaling molecules, such as programmed cell death
protein-1 (PD-1) or its ligand PD-L1, as well as various
chemokines and cytokines. The depletion and weakness of
immune cells allow NPC cells to evade immune clearance
by the host.

3. Active immunotherapy

ICIs. Based on current clinical research evidence, the most
promising approach to activate therapeutic antitumor immu-
nity in NPC is ICIs. Immune checkpoints refer to a plethora
of inhibitory pathways in the immune system. They are
essential for maintaining self-tolerance and regulating the
duration and magnitude of physiological immune responses
in peripheral tissues (38). However, cancer cells frequently
evade immunity by suppressing immune responses through
immune checkpoints. In NPC, immune checkpoints that have
been extensively studied include PD-1/PD-L1 and cytotoxic
T-lymphocyte (CTL)-associated antigen-4 (CTLA-4). ICIs
acting on these targets can effectively inhibit the binding of
immunosuppressive signals to the corresponding ligands,
thereby blocking the transduction of immunosuppressive
signals, weakening the negative immune regulation in the
tumor microenvironment, relieving the suppressive state of
T cells and preventing immune escape (Fig. 4A).

Anti-PD-1/PD-LI antibody. PD-1, a member of the CD28
superfamily, is an inhibitory receptor expressed on the surface
of antigen-activated T cells. PD-1 has a vital role in limiting
normal host adaptive immunity and preventing autoimmune
and autoinflammatory responses (39,40). PD-L1 is generally
expressed on the surface of antigen-presenting cells and cancer
cells (41). The PD-1/PD-L1 interactions have a leading role in
the inhibition of T-cell responses in vivo, particularly in the
tumor microenvironment (38,41-43). The results of published
clinical trials of PD-1/PD-L1 inhibitors for R/M NPC are
summarized in Table I.
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Figure 1. Pathogenesis of nasopharyngeal carcinoma. Genetically susceptible nasopharyngeal epithelial cells undergo malignant transformation upon acquisi-
tion of persistent latent Epstein-Barr virus infection and exposure to environmental carcinogens, which enable cellular transformation and clonal expansion.
The figure was created with BioRender. LMP1/2, latent membrane protein 1/2; BARF1, BamH]1-A right frame 1; EBNA, Epstein-Barr nuclear antigen 1; MHC,

major histocompatibility complex.

Third- or later-line treatment for R/M NPC:
Anti-PD-1/PD-LI1 antibody monotherapy. The landmark
KEYNOTE-028 study (44) was a nonrandomized, multi-
cohort, phase Ib trial investigating the efficacy and safety
of pembrolizumab in 27 patients with NPC. Key eligibility
criteria included unresectable or metastatic disease, failure of
prior standard therapy and PD-L1 expression in 1% or more of
cancer cells or tumor-infiltrating lymphocytes (TILs). During
a median follow-up of 20 months, the objective response rate
(ORR) was 25.9% and the median progression-free survival
(PFS) and median OS were 6.5 and 16.5 months, respectively.
PD-L1 expression was associated with treatment outcome.
Treatment-related adverse events (TRAEs) occurred in
20 patients (74.1%) and 8 patients (29.6%) experienced
grade =3 TRAEs. Pembrolizumab is the first anti-PD-1
antibody approved by the US Food and Drug Administration
(FDA). A randomized phase III study (NCT02611960) of

pembrolizumab monotherapy vs. standard chemotherapy in
patients with platinum-pretreated R/M NPC (Keynote-122)
is ongoing.

The NCI-9742 study (45) was an international, multicenter,
phase II study exploring the antitumor activity of nivolumab
monotherapy in patients with multiple pretreated R/M NPC.
In all 44 patients, the overall ORR was 20.5%, with median
PFS and median OS of 2.8 and 17.1 months, respectively. The
survival rate was not associated with PD-L1 expression or
plasma EBV-DNA clearance. Grade =3 TRAEs occurred in
22% of patients.

A phase II clinical study (CAPTAIN study) was
conducted to investigate the antitumor activity and predictive
biomarkers of camrelizumab (SHR-1210) in NPC (46). A total
of 156 patients with R/M NPC who had failed at least two
lines of chemotherapy were enrolled. The ORR was 28.2%.
The median duration of response (DoR) was not reached. The
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Figure 2. Treatment for NPC. Conventional treatment for nasopharyngeal
carcinoma includes radiotherapy, chemotherapy, surgery and targeted
therapy. Immunotherapy has emerged as a new strategy for the treatment of
advanced NPC in recent years. The figure was created with BioRender. NPC,
nasopharyngeal carcinoma.

median PFS and OS were 3.7 and 17.4 months, respectively.
Grade =3 TRAEs were reported in 24 patients (15.4%).
The combination of both major histocompatibility complex
(MHC)-II-positive cell density and PD-L1 expression may
allow for better patient selection.

The above studies suggest that anti-PD-1/PD-L1 antibody
monotherapy has clinically meaningful antitumor activity
as a third- or later-line treatment in patients with R/M NPC.
Similar studies are being conducted using bintrafusp alfa [a
bifunctional fusion protein targeting transforming growth
factor-f3 (TGF-f) and PD-L1] (NCT04396886) and penpu-
limab (AK105, anti-PD-1 antibody) (NCT03866967).

Exploration of second-line treatment for R/M NPC.
Fang et al (47) reported the safety and preliminary antitumor
activity of camrelizumab alone as a second-line treatment for
patients with R/M NPC. In this trial, 15 (16%) of 93 patients had
grade 3 or 4 TRAEs. With a median follow-up of 9.9 months,
31 (34%) of 91 evaluable patients had overall remission and the
median PFS was 5.6 months.

In addition, Ma et al (48) conducted a phase I/II study
of nivolumab in Chinese patients with previously treated
R/M NPC. Grade =3 TRAEs were reported in 1 (3.1%) of
all 32 patients. The ORR was 12.5% and the disease control
rate (DCR) was 65.6%. The median follow-up duration was
7.5 months. The median PFS was 3.5 months and the median
OS was not reached.

An open-label, non-comparative, phase I/II study was
designed to examine the safety, tolerability and antitumor
activity of tislelizumab in adult Chinese patients with advanced
solid tumors (49). The ORR of the 21 patients with NPC
was 42.9%, with a median DoR of 8.3 months and a median
follow-up of 4.8 months. The median PFS was 10.4 months and
the median OS had not been reached. Response to tislelizumab
was seen in multiple tumor types, including NPC, regardless
of PD-L1 expression.

The POLARIS-02 study (50) was a single-arm, multicenter,
phase II study evaluating the antitumor activity, safety and
biomarkers of toripalimab in standard chemotherapy-refrac-
tory R/M NPC. Grade 3-5 TRAEs occurred in 27 (14.2%) of
all 190 patients. The ORR was 20.5%, the median DoR was
12.8 months, the median PFS was 1.9 months and the median
OS was 17.4 months. The ORR was higher in the PD-L1-positive
group (27.1%). However, the ORR in the PD-L1-negative group
was also close to 20% (19.4%), suggesting that PD-L1-negative
individuals could also benefit from toripalimab. In addition,
patients with a baseline EBV-DNA titer <10,000 IU/ml, base-
line lactate dehydrogenase level <2 upper limits of normal and
PD-L1 positivity were more likely to benefit from toripalimab.
Early plasma EBV-DNA copy number reduction was associ-
ated with a favorable response.

A phase II randomized study was conducted to assess the
PFS of spartalizumab (PDROOI, an anti-PD-1 antibody) vs.
chemotherapy in 122 patients with nonkeratinizing R/M NPC
who progressed on/after platinum-based chemotherapy (51).
Eligible patients were randomly allocated to the spartalizumab
or chemotherapy arm at a 2:1 ratio. Fewer grade 3/4 TRAEs
occurred in the spartalizumab group than in the chemotherapy
arm (16.8 vs. 41.0%). However, spartalizumab did not improve
PFS or OS compared to chemotherapy (median PFS, 1.9
vs. 6.6 months, P=0.915; median OS, 25.2 vs. 15.5 months,
P=0.138). The ORRs were 17.1 and 35.0% in the spartalizumab
and chemotherapy groups, respectively. The median DoR was
longer in the spartalizumab group than in the chemotherapy
group (10.2 vs. 5. months), suggesting an initial durable anti-
tumor effect of spartalizumab in NPC. However, these results
were not conclusive, as the study was not sufficiently powered
to assess the significance of these endpoints.

Recently, Ding er al (52) reported the results of an
open-label, single-arm, phase II study investigating the
activity and safety of camrelizumab in combination with
apatinib in 58 patients with R/M NPC who had failed first-line
therapy. The DCR was 86.2% with an ORR of 65.5% (80.0%
in patients with locoregional recurrence vs. 54.5% in patients
with metastatic lesions). The median PFS was 10.4 months.
Nasopharyngeal necrosis was the most common and important
cause of apatinib discontinuation and was significantly associ-
ated with nasopharyngeal recurrence and reirradiation. These
findings suggest that camrelizumab combined with apatinib
showed promising antitumor activity and manageable toxicity.
Immunotherapy combined with antiangiogenesis therapy may
be a promising immunotherapy combination strategy for R/M
NPC.

First-line treatment for R/M NPC: GP plus anti-
PD-1/PD-LI antibody. Fang et al (47) conducted a phase I trial
to investigate the safety and preliminary antitumor activity of
camrelizumab in combination with gemcitabine and cisplatin
as first-line therapy for R/M patients with NPC. In this trial,
20 of 23 patients (87%) had grade 3 or 4 TRAEs. With a
median follow-up time of 10.2 months, 20 of 22 evaluable
patients (91%) had overall remission and 22 patients (100%)
achieved disease control. The median time to respond was
1.6 months. The median PFS was not reached at the time of
data cutoff. Based on the success of this previous trial, they
conducted a multicenter, randomized, double-blind, phase III
trial (CAPTAIN-1st) comparing camrelizumab with placebo
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Figure 3. Classification of immunotherapy for NPC. NPC, nasopharyngeal carcinoma; EBV, Epstein-Barr virus; PD-1, programmed cell death protein-1;
PD-LI, programmed death ligand-1; CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; LAG-3, Lymphocyte activation gene-3; TIM-3, T-cell immuno-
globulin- and mucin-domain-containing molecule-3; CTL, cytotoxic T lymphocytes; TIL, tumor-infiltrating lymphocytes; CIK, cytokine-induced killer; NK,
natural killer; CAR-T, chimeric antigen receptor-modified T; TCR-T, T-cell receptor-engineered T.

in combination with GP as first-line treatment in 263 patients
with R/M NPC (53). The results indicated that the median PFS
was significantly longer in the camrelizumab group than in the
placebo group (9.7 vs. 6.9 months, P=0.0002). Serious TRAEs
were reported in 59 (44%) of 134 patients in the camrelizumab
group compared with 48 (37%) of 129 patients in the placebo
group.

JUPITER-02 (54) is a multicenter randomized phase III
trial designed to investigate the antitumor activity and safety
of toripalimab or placebo in combination with GP as first-line
treatment for patients with NPC. In the study, 289 patients with
R/M NPC and no previous chemotherapy for R/M disease
were enrolled. The median PFS was significantly improved
in the toripalimab group compared to the placebo group (11.7
vs. 8.0 months, P=0.0003), particularly in the PD-L1-positive
subgroup. The risk of death was reduced by 40% in the tori-
palimab group compared to the placebo group. The ORR
was significantly higher in the toripalimab group than in the
placebo group (77.4 vs. 66.4%, P=0.0335). The incidence of
grade =3 TRAEs was similar between the toripalimab and
placebo groups (89.0 vs. 89.5%).

The above-mentioned studies suggest that GP plus
anti-PD-1 antibody may be a promising standard of care for
patients with R/M NPC in the first-line setting. Similar studies
are being conducted using nivolumab (NCT04458909) and
tislelizumab (anti-PD-1 antibody) (NCT03924986).

Treatment for unresectable locally recurrent NPC.
Hua et al (55) conducted a single-arm phase II trial to inves-
tigate the efficacy and safety of toripalimab in combination
with IMRT for unresectable locally recurrent NPC. A total of
25 patients were included. With a median follow-up duration
of 14.6 months, 19 patients (79.2%) achieved overall remission
and 23 patients (95.8%) achieved disease control at 3 months

post-IMRT. The 12-month PFS was as high as 91.8%. Grade
>3 late TRAEs were nasopharyngeal wall necrosis (28.0%),
nasal bleeding (12.0%) and trismus (4.0%). Due to the small
sample size and lack of a control group, larger randomized
controlled trials are needed to confirm the results.

Zhou et al (56) enrolled 28 patients with unresectable
locally recurrent NPC who had progressed after second-line
chemotherapy. They found that ICIs alone or combined with
chemotherapy showed promising antitumor activity with low
toxicity. However, chemotherapy plus ICIs did not improve
complete response or partial response compared to ICIs alone.

Anti-PD-1/PD-LI1 antibodies in locoregionally
advanced NPC (LANPC). Clinical trials on the addition of
anti-PD-1/PD-L1 antibodies to chemoradiotherapy are being
conducted in different settings of LANPC at initial diagnosis.
Four phase III trials are evaluating camrelizumab, sintilimab
or toripalimab in combination with induction chemotherapy,
concurrent chemoradiotherapy (CCRT), or as maintenance
after radical treatment (NCTO03427827, NCT04453826,
NCT03700476 and NCT04557020, respectively). The results
of these different clinical trials may identify an optimal
multidisciplinary management approach in the era of immu-
notherapy for NPC. Breakthroughs in the field of LANPC by
IClIs are to be expected.

Anti-CTLA-4 antibody. CTLA-4 is a secondary receptor
of B7 (CD80 and CD86) and is homologous to the CD28
receptor. However, CTLA-4 transmits different costimula-
tory signals from CD28. During T-cell activation, the most
important function of CTLA-4 is to compete with CD28
for binding to CD80/CD86 molecules on the surface of
antigen-presenting cells, thereby negatively regulating T-cell
activation signals (57,58). Cancer cells can activate CTLA-4
to inactivate activated T cells, allowing immune escape (59).
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Table I. Published clinical trials of PD-1/PD-L1 inhibitors in recurrence and/or metastatic nasopharyngeal carcinoma.

Sample Median PFS, Median Grade=>3

Setting/trial identifier Phase Treatment sizec ORR, % months OS, months TRAEs, %
Third- or later-line

NCT02054806 (KEYNOTE-028) 1Ib  Pembrolizumab 27 259 6.5 16.5 29.6

NCT02339558 (NCI-9742) I Nivolumab 44 20.5 2.8 17.1 220

NCTO03558191 (CAPTAIN) I Camrelizumab 156 28.2 3.7 174 154
Second-line

NCT02721589 | Camrelizumab 93 340 5.6 NA 16.0

NCT02593786 (CheckMate 077) I/II  Nivolumab 32 12.5 3.5 NR 3.1

CTR20160872 I/1I  Tislelizumab 21 429 104 NR NA

NCT02915432 (POLARIS-02) I  Toripalimab 190 20.5 19 174 142

NCT02605967 I  Spartalizamab 122 17.1 1.9 252 16.8

NCT04586088 I Camrelizumab+apatinib 58 65.5 104 NR 58.6
First-line

NCT03121716 I Camrelizumab+GP 24 91.0 NR NA 87.0

NCTO03707509 (CAPTAIN-1st) III Camrelizumab+GP 263 87.3 9.7 Immature 94.0

NCT03581786 (JUPITER-02) Il Toripalimab+GP 289 774 11.7 Immature 89.0

PD-1, programmed cell death protein-1; PD-L1, programmed death ligand-1; ORR, objective response rate; PFS, progression-free survival;
OS, overall survival; TRAE, treatment-related adverse effect; NA, not available; NR, not reached; GP, gemcitabine and cisplatin.

To date, two CTLA-4 inhibitors, ipilimumab and treme-
limumab, have been approved by the FDA for the treatment
of advanced melanoma and hepatocellular carcinoma (60-62).
However, reports on the application of anti-CTLA-4 anti-
bodies in NPC are scarce. A case-control study showed that
CTLA-4 polymorphism was associated with susceptibility to
NPC (63). Ahmed et al (64) found that high CTLA-4 expres-
sion was significantly associated with disease progression and
worsening OS. A phase II trial (NCT03097939) to test the
hypothesis that ipilimumab in combination with nivolumab is
effective in advanced NPC is ongoing. Furthermore, four phase
I/II clinical trials are exploring the safety, tolerability and anti-
tumor activity of AK104 (PD-1/CTLA-4 bispecific antibody),
cadonilimab (PD-1/CTLA-4 bispecific antibody), IBI310
(CTLA-4 antibody) and XmAb20717 (PD-1/CTLA-4 bispe-
cific antibody) in R/M NPC (NCT04220307, NCT05587374,
NCT04945421 and NCT03517488).

Other ICIs in NPC. Lymphocyte activation gene-3 (LAG-3)
and PD-1 are distinct suppressive immune checkpoints that are
often coexpressed on TILs, thereby promoting tumor-mediated
T-cell exhaustion and immune escape (65-67). Opdualag is
the first FDA-approved antibody against LAG-3 (68), making
LAG-3 the third clinical immune checkpoint after PD-1 and
CTLA-4. Only one registered clinical trial of anti-LAG-3 anti-
body is evaluating the safety and tolerability of XmAb22841
(LAG-3/CTLA-4 bispecific antibody) plus pembrolizumab
in patients with advanced solid tumors, including NPC
(NCT03849469).

Another major regulatory checkpoint is T-cell immu-
noglobulin- and mucin-domain-containing molecule-3
(TIM-3) (69,70). Tim-3 is a coinhibitory receptor whose
expression is increased when patients develop adaptive resis-
tance to anti-PD-1 antibodies (71). Inhibition of its ligand,

galectin-9, selectively rejuvenates TILs by interfering with
the interaction between PD-1 and TIM-3 (72). As galectin-9
is specifically expressed in NPC cells (73), TIM-3/galectin-9
interaction is a promising approach to overcome resistance to
PD-1/PD-L1 inhibitors. Currently, only one registered clinical
trial is investigating the role of anti-TIM-3 antibodies in NPC,
a phase II trial evaluating the efficacy and safety of TQB2618
(anti-TIM-3 antibody) in combination with penpulimab in
patients with R/M NPC (NCT05563480).

In general, the ongoing exploration of ICIs has focused
on investigating the long-term effects of these agents on the
toxicity of chemotherapy and/or radiotherapy, the optimal
sequence of chemotherapy and/or radiotherapy, the optimal
duration of treatment, the role of predictive biomarkers in
selecting subgroups of patients more likely to benefit from
treatment, and the cost-effectiveness of these ICIs in routine
practice (1). It is reasonable to assume that combining different
ICIs may be a more effective treatment option for patients with
R/M NPC (74).

Vaccines. Cancer vaccines are active immunotherapies that
use cancer cells or tumor antigenic substances to activate
the immune system and induce a specific immune response.
Currently, NPC vaccines are mainly divided into prophylactic
vaccines and therapeutic vaccines.

Prophylactic vaccines. Five membrane proteins (gp350,
gH, gL, gB and gp42) are needed to infect B cells with EBV,
whereas four membrane proteins (BMFR2, gH, gL. and gB)
are needed to infect epithelial cells with EBV (Fig. 1). These
proteins are expressed in EBV and may be good targets for
EBV-preventive vaccines (75-77). Cui et al (78-80) indicated
that serum EBV-neutralizing titers were higher in rabbits
inoculated with trimeric and monomeric EBV gH/gL., trimeric
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¢B and tetrameric gp350(1-470) than in those inoculated with
monomeric gp350 (1-470). EBV gH/gL. and gB may be better
targets for EBV-preventive vaccines than gp350 alone and the
combination of gp350 with gH/gLL and gB may yield a more
potent EBV-preventive vaccine. These data strongly suggest
that the combination of the EBV core fusion mechanism
envelope protein gH/gL and trimeric gB is a promising EBV
prophylactic vaccine.

Therapeutic vaccines. Therapeutic vaccines for NPC
mainly target EBNA1, LMPI or LMP2 (81). One approach is
to inject DCs containing EBV antigens. Lin et al (33) and Li
et al (82) demonstrated that DC vaccines induced or promoted
specific T-cell responses and were well tolerated in patients
with NPC. Chia et al (83) conducted a phase II study to eval-
uate the safety and efficacy of an adenovirus-ALMP1-LMP2
transduced DC vaccine in patients with metastatic NPC.
They found clinical responses in only 3 of 16 patients. The
other strategy is an injection of viral vectors containing EBV
antigens. Two phase I trials (84,85) confirmed the safety
and immunogenicity in NPC of the recombinant vaccinia
virus MVA-EL, which encodes an EBNA1/LMP2 fusion
protein. A phase I trial (NCT01800071) and a phase II trial
(NCTO01094405) are ongoing to further evaluate the efficacy and
duration of the immune response to the MVA-EBNA1/LMP2
vaccine in NPC. An ongoing phase I study (NCT03282617) is
recruiting patients with advanced NPC who will receive a DC
vaccine called CD137L-DC-EBV-VAX.

In general, despite the progress with EBV vaccines,
DC-based vaccines have few targets and are costly to prepare,
while recombinant viral vectors, although having a broad
range of epitopes, may yield reduced immune function after
repeated immunization. Of note, different routes of adminis-
tration should be systematically examined to facilitate EBV
vaccination. Future EBV vaccines containing gp350, gH/gL,
¢B EBNAI and LMP1/2 are expected to be the direction of
EBYV vaccine research.

Immunomodulators. Immunomodulators are nonspecific and
include mainly cytokines and oncolytic viruses. Cytokine
therapy may alter the concentration of cytokines in the
immune microenvironment and enhance the antitumor
immune response. A study evaluated the multifunctional
antitumor effects of the cytokine recombinant interferon-alb
(IFN-alb) (86). Results from in vitro and in vivo experiments
showed that IFN-a1b inhibited cell growth, promoted apoptosis
and necrosis, suppressed tumor growth and metastasis, reduced
intratumor microvascular density and prolonged survival.
Oncolytic viruses are a class of viruses that replicate in cancer
cells through different regulatory mechanisms and lyse cancer
cells without affecting normal cell proliferation. T-VEC, the
first oncolytic viral treatment approved by the US FDA, was
shown to be effective in advanced melanoma (87). Liu et al (88)
found that an oncolytic adenovirus enhanced antiangiogenic
and antitumor effects by rescuing the selective replication of
replication-deficient adenovirus encoding endothelial repressor
in NPC cells. A third-generation oncolytic virus, G47A (HSV-1),
demonstrated a reliable antitumor effect in NPC in vitro and
in vivo (89). With the development of genetic engineering tech-
nology and virology, oncolytic viruses are expected to become
an important tool for comprehensive tumor therapy.

4. Passive immunotherapy

ACT. As viral proteins are almost exclusively expressed in
cancer cells, ACT that targets EBV antigens holds therapeutic
promise in the treatment of NPC. ACT is a passive immu-
notherapy that mainly adopts CTLs, TILs, cytokine-induced
killer (CIK) cells and natural killer (NK) cells. The corre-
sponding active immune cells are isolated from patients,
screened and expanded in vitro to induce highly specific
antitumor immune cells, which are then injected back into
the patient to kill cancer cells (Fig. 4B). Genetically modified
cellular immunotherapy is also a form of ACT and includes
chimeric antigen receptor-modified T (CAR-T) cell therapy,
T-cell receptor-engineered T (TCR-T) cell therapy and other
cellular immunotherapies.

CTLs. Numerous clinical studies (90-96) have confirmed
the feasibility, efficacy and safety of EBV-CTL immunotherapy
for refractory NPC (Table II). In addition, Louis et al (97)
and Secondino et al (98) found that the clinical benefit of
EBV-CTLs was not improved by prior administration of
lymphodepleting chemotherapy in patients with R/M NPC. The
adenovirus-based vector AdE-LMPpoly, which encodes CTL
epitopes fused from LMP1 and LMP2 to truncated EBNAI,
has been used to generate CTLs for ACT. Smith et al (99,100)
showed that ACT in combination with AdE1-LMPpoly was
safe and well tolerated and may provide a clinical benefit in
patients with R/M NPC. A phase I/II study (101) found that
2 patients with R/M NPC unexpectedly showed a strong
response to their previously failed chemotherapy regimens
after failing EBV-CTL immunotherapy. This finding suggests
that EBV-CTL immunotherapy may contribute to chemosen-
sitizing the tumor and prime the patient's immune system. Of
note, Chia et al (102) showed that a combination chemotherapy
and EBV-CTL immunotherapy regimen for patients with R/M
NPC improved the response rates by up to 71.4%. A multi-
center phase III randomized controlled trial is ongoing to
evaluate gemcitabine and carboplatin followed by EBV-CTL
immunotherapy (NCT02578641). Several novel strategies to
increase CTL activity in NPC are being explored in clinical
trials, such as LMP-, BARFI1- and EBNAI-specific CTLs
(NCT02287311), most closely HLA-matched allogeneic CTLs
(NCTO01447056) and TGF-p-resistant CTLs (NCT02065362).

TILs. A retrospective study (103) found that low CD3* TIL
infiltration was highly associated with shorter disease-free survival
(DES) and OS in patients with R/M NPC. Li et al (104) evaluated
the safety and antitumor activity of TIL immunotherapy after
CCRT in 20 patients with LANPC. They found that 19 patients
exhibited objective antitumor responses and 18 patients had a
DEFS of >12 months. This study suggests that TIL immunotherapy
after CCRT produces sustained antitumor activity and anti-EBV
immune responses. A phase II trial of TILs following CCRT in
patients with LANPC (NCT02421640) is underway.

CIK cells. CIK cells are in vitro expanded and activated
T-lymphocytes obtained by the sequential incubation of periph-
eral blood mononuclear cells with various cytokines (105).
Li et al (106,107) demonstrated that sequential CIK immuno-
therapy was effective in improving the therapeutic efficacy of
GP in patients with metastatic NPC. A phase Il trial is underway
to investigate the efficacy of DC-CIK immunotherapy in the
treatment of solid tumors, including NPC (NCT04476641).
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NK cells. Lim et al (108) conducted a phase I study of
expanded NK cells in combination with cetuximab for R/M
NPC. The results indicated that cetuximab combined with
autologous NK cells was well tolerated in NPC. Promising
results were observed in 3 of the 7 subjects who demonstrated
durable stable disease. Another forthcoming clinical trial also
used highly active NK cells in combination with cetuximab in
refractory NPC (NCT03007836).

CAR-T cells. One of the most promising approaches in
antitumor therapy is CAR-T-cell therapy, where T cells are
redirected against tumors after the engineered expression
of CARs (109). CAR-T cells are not restricted by MHC and
can directly recognize tumor cell surface antigens. To date,
six CAR-T-cell products have been approved by the FDA
for use in patients with relapsed and/or refractory B-cell
malignancies (110-115). However, their effects on solid
tumors have not been satisfactory. The low expression rates
of immunosuppressive factors in the tumor microenvironment
and tumor-associated antigens on the surface of solid tumor
cells and the intracellular nature of most cellular proteins
have limited the clinical application of CAR-T-cell therapy in
solid tumors. Studies have confirmed that the main barriers to
CAR-T-cell product development are related to antigen escape
and intrinsic T-cell dysfunction (116). In NPC, Guo et al (117)
designed a CAR construct that targets the oncofetal antigen
5T4 (5T4-28Z) and generated CAR-transduced CIK cells.
The results indicated that 5T4-28Z-CIK cells were able to
efficiently attack NPC cells in vitro, suggesting that they may
be an attractive tool for developing an efficient therapy for
NPC. Chen et al (118) successfully produced LMP2A CAR-T
cells that exhibited marked targeted cytotoxicity against
LMP2A-positive NPC cells. Tang et al (119,120) demonstrated
that LMP1-specific CAR-T cells mediated antitumor effects
against LMP1-positive NPC cells in vitro and in vivo. These
results are encouraging. At least four registered clinical
studies of CAR-T cells for the treatment of NPC are currently
in progress (Table III).

TCR-T cells. Unlike CAR T-cell therapy, TCR T-cell
therapy has shown encouraging potential in the treatment of
solid tumors (121,122). TCR T cells have distinct advantages
over CAR T cells in the treatment of solid tumors (123):
i) TCR T cells can recognize antigens expressed on the cell
surface and in intracellular compartments; ii) TCR T cells
are more capable of invading cancer cells; iii) the intracel-
lular proteins targeted by TCR T cells are tumor-specific;
and iv) the neurotoxicity of TCR T-cell therapy is less severe
than that of CAR T-cell therapy. Based on excellent effi-
cacy data from a randomized phase III trial (124), the FDA
approved tebentafusp for patients with HLA-A"02:01-positive
metastatic uveal melanoma. Four ongoing clinical trials
are evaluating TCR T-cell therapy for the treatment of
NPC (Table IIT). An early phase I trial was designed to
investigate the safety and efficacy of EBV CAR T/TCR T
cells in the treatment of recurrent/refractory EBV-positive
NPC (NCT05587543). A phase I/1I study (NCT03648697)
was conducted to evaluate the safety and tolerability of
EBV-TCR-T (YT-EOO1) in patients with EBV-positive R/M
NPC. Two phase I/II clinical trials are investigating the role
of LMP2-specific TCR T-cells in EBV-positive R/M NPC
(NCT04509726, NCT03925896).

Table III. Clinical trials of CAR-T/TCR-T cell therapy in NPC.

Location

Completion date Status

Estimated enrollment

Condition

Treatment

Phase

Trial identifier

China

Unknown

December 2017
April 2039

20
100

EBV*NPC

LMP1-CAR-T cells
P-MUCI1C-ALLO1

Phase I/11
CAR-T cells

NCT02980315

United
States

Recruiting

Advanced or metastatic

NCT05239143 Phase I

solid tumors including NPC

R/R solid tumor

Malaysia

March 2021 Unknown

10

Haplo/allogeneic NKG2DL-targeting
chimeric antigen receptor-grafted

vO T-cells

NCT04107142 Phase I

including NPC

Not yet recruiting  China

Unknown

October 2030
October 2021
August 2023

24
20

R/R EBV* NPC

CAR-T/TCR-T cells

NCTO05587543 Early phase |
NCT03648697 Phase 11

China

R/M EBV* NPC

EBV-TCR-T (YT-E001) cells

China

Recruiting

20

R/M EBV* NPC

EBV-specific TCR-T cell with cytokine

auto-secreting element

NCT04509726  Phase I/I1

China

Unknown

August 2022

R/M EBV* NPC 27

LMP2 antigen-specific TCR-T cells

NCTO03925896 Phase I

CAR-T, chimeric antigen receptor-modified T; TCR-T, T cell receptor-engineered T; NPC, nasopharyngeal carcinoma; EBV, Epstein-Barr virus; LMP, latent membrane protein; MUC1C, mucinl cell

surface-associated C-terminal; NKG2DL, natural killer group 2D ligand; R/R, relapsed/refractory; R/M, recurrent/metastatic.




Other emerging cellular immunotherapy strategies, such
as CAR-NK and CAR-macrophage immunotherapy, should be
evaluated in NPC for their promising clinical efficacy in other
cancers (125,126). Overall, treatment specificity and targeting
are the focus of current ACT studies and the direction of future
research. Although ACT has demonstrated good effcacy with
limited side effects, it is associated with technical and financial
limits.

EBV-specific monoclonal antibody. Tumor therapeutic anti-
bodies can target specific antigens on the surface of cancer
cells and kill them through antibody-dependent cell-mediated
cytotoxicity and complement-dependent cell-mediated
cytotoxicity. Turrini ef al (127) identified a BARF1-specific
monoclonal antibody as a novel immunotherapeutic tool
for EBV-associated tumors through preclinical models.
Ahmed et al (128) constructed a dimeric T-cell-engaging
bispecific antibody (DiBsAb) targeting LMP2A. Their results
suggested that DiBsAb may be a leading candidate for the
treatment of EBV-associated malignancies.

5. Conclusion

R/M remains the biggest challenge for NPC. Fortunately,
NPC is an ‘immune-hot’ tumor and the unique immune
environment of NPC provides rational targets for immu-
notherapy. ICIs can non-specifically activate the antitumor
immune response by removing or attenuating the nega-
tive regulators of immunoreactive cells. Thus, ICIs, as
pan-cancerous antitumor agents, were found to have equally
promising efficacy in NPC. More research is needed to find
suitable biomarkers for predicting the efficacy of ICIs as
monotherapy or combination therapy to maximize personal-
ized immunotherapy in NPC. Furthermore, based on current
findings, ACT and therapeutic vaccines have shown early
success in treating a small subset of patients with refractory
NPC; immunomodulators and EBV-specific monoclonal
antibodies against NPC remain in the exploratory phase and
their clinical translation still has some way to go. Of note,
EBV-specific vaccines, ACTs and monoclonal antibodies
induce specific antitumor responses by directly or indirectly
targeting tumor antigens. These EBV-specific agents have few
targets and are costly and technically immature to produce.
In addition, factors such as mutations in oncogenes, limited
antigen expression, weak immunogenicity, effector cell
self-dysfunction and immunosuppressive microenvironment
in different populations of NPC and route of drug adminis-
tration contribute to the efficacy and safety of EBV-specific
immunotherapy. Finally, immunotherapy undoubtedly offers
hope for patients with R/M NPC for whom no standard
treatment is available. In clinical practice, certain patients
with effective immunotherapy resumed immunotherapy after
relapse on discontinuation and still achieved good results.
Future studies may consider combination immunotherapy
to enhance the clinical response, such as ICIs in combina-
tion with ACT (129) or CAR T-cell therapy in combination
with an oncolytic virus (130). Therefore, the exploration of
the molecular and cellular drivers of immune escape in NPC
may lead to innovative therapeutic options to improve the
outcomes for patients with NPC.
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