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abstract

PURPOSE As yet, no checkpoint inhibitor has been approved to treat nasopharyngeal carcinoma (NPC).
This study was aimed to evaluate the antitumor activity, safety, and biomarkers of toripalimab, a new pro-
grammed death-1 (PD-1) inhibitor for recurrent or metastatic NPC (RM-NPC) refractory to standard
chemotherapy.

PATIENTS AND METHODS In this single-arm, multicenter phase II study, patients with RM-NPC received 3 mg/kg
toripalimab once every 2 weeks via intravenous infusion until confirmed disease progression or unacceptable
toxicity. The primary end point was objective response rate (ORR). The secondary end points included safety,
duration of response (DOR), progression-free survival (PFS), and overall survival (OS).

RESULTS Among all 190 patients, the ORR was 20.5%with median DOR 12.8 months, median PFS 1.9 months,
and median OS 17.4 months. Among 92 patients who failed at least two lines of systemic chemotherapy, the
ORR was 23.9%. The ORRs were 27.1% and 19.4% in PD-L11 and PD-L12 patients, respectively (P 5 .31).
Patients with$ 50% decrease of plasma Epstein-Barr virus (EBV) DNA copy number on day 28 had significantly
better ORR than those with, 50% decrease, 48.3% versus 5.7% (P5 .0001). Tumor mutational burden had a
median value of 0.95 muts/mega-base in the cohort and had no predictive value for response. Whole-exome
sequencing results from 174 patients revealed that the patients with genomic amplification in 11q13 region or
ETV6 genomic alterations had poor responses to toripalimab.

CONCLUSION The POLARIS-02 study demonstrated a manageable safety profile and durable clinical response of
toripalimab in patients with chemorefractory metastatic NPC. An early decrease in plasma EBV DNA copy
number correlated with favorable response.

J Clin Oncol 39:704-712. © 2021 by American Society of Clinical Oncology

Licensed under the Creative Commons Attribution 4.0 License

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is distinctive from
other head and neck cancers with unique geograph-
ical, etiological, and biological features.1 It is distrib-
uted predominantly in South China, Southeast Asia,
Middle East, and North Africa.1-3 Nonkeratinizing NPC
is the most common subtype in both North America
and Southeast Asia,4,5 which is more closely associ-
ated with Epstein-Barr virus (EBV) infection, more
responsive to radiation therapy, and has better survival
than keratinizing NPC.5

Patients with recurrent or metastatic NPC (RM-NPC)
have poor prognosis, with median overall survival (OS)
,20 months.6 Platinum doublet, like cisplatin plus
gemcitabine, is the standard first-line treatment for

RM-NPC.7 However, there is no standard treatment
option in second-line settings and beyond.6

EBV infection is instrumental inNPCdevelopment.8 EBV-
induced NPCs often present with intensive lymphocyte
infiltration and overexpression of programmed death
ligand-1 (PD-L1),9 indicating the potential application of
programmed death-1 (PD-1) blockade immunotherapy.
Several small size phase II studies of anti-PD-1 immune
checkpoint inhibitors (ICIs) in patients with RM-NPC
showed objective response rate (ORR) from 20.5% to
34.1%.10-12 However, predictive biomarkers for ICI
therapy in NPC had not been established.10-12

Toripalimab, a humanized IgG4 monoclonal antibody
against PD-1,13 was first approved in December 2018
for the second-line treatment of advanced melanoma
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in China.14 Here, we report the result of phase II pivotal
study (POLARIS-02) evaluating the efficacy and safety of
toripalimab in previously treated RM-NPC. It was to date
the largest prospective study of anti-PD-1 monotherapy in
chemorefractory NPC. Potential efficacy predictors were
explored to identify the NPC population most likely to re-
spond to ICI therapy.

PATIENTS AND METHODS

Patients and Study Design

This study is theNPCcohort fromaphase Ib/II,multicohort trial
(ClinicalTrials.gov identifier: NCT02915432) evaluating the
safety and clinical activity of toripalimab in patients with RM-
NPC, head and neck cancer, gastric cancer, and esophageal
cancer. The study Protocol was approved by institutional ethics
committees of all participating centers. This study was con-
ducted in accordance with the Declaration of Helsinki and the
international standards of good clinical practice.

Key eligibility criteria included histologically or cytologically
documented RM-NPC refractory to prior standard chemo-
therapy, or disease progression within 6 months after ad-
juvant chemotherapy or chemoradiotherapy, age 18 years
or older, measurable disease, Eastern Cooperative Oncol-
ogy Group performance status of 0 or 1, and adequate
organ function. Key exclusion criteria included anticancer
monoclonal antibody therapy within 4 weeks before
treatment initiation, any anticancer therapy within 2 weeks
before treatment initiation, prior ICI treatment, systemic
corticosteroid therapy within 7 days before treatment ini-
tiation, known additional malignancies, and active CNS
metastases.

The definition of patient population with at least two prior
lines (2L1) of systemic chemotherapy included: (1) received
at least two lines of systemic chemotherapy; (2) first-line
chemotherapy must include platinum-based regimen; (3)
neoadjuvant, adjuvant, or concurrent chemoradiotherapy
were considered as a line of systemic treatment if tumor
recurrence or metastasis occurred within 6 months after the
end of neoadjuvant, adjuvant, or concurrent chemotherapy;

(4) stage IVb at enrollment as defined by Union for Inter-
national Cancer Control and American Joint Committee on
Cancer staging system for NPC, seventh edition; (5) clear
evidence of disease progression to prior therapy at enroll-
ment. Intolerance to chemotherapy should not be counted
as a line of systemic treatment.

Treatment and Assessments

Patients received toripalimab 3 mg/kg once every 2 weeks
via intravenous infusion until disease progression, intoler-
able toxicity, or voluntary withdrawal of informed consent.
Patients experiencing initial disease progression could
continue to receive toripalimab under the condition of po-
tential benefit to the patients, with the consensus of in-
vestigator and sponsor.

Tumor response was assessed according to RECIST v1.1
and immune-related RECIST by independent radiologic
review committee (IRC) and investigators. Adverse events
were graded according to National Cancer Institute Com-
mon Terminology Criteria version 4.0.

Study End Points

The primary end point was ORR determined by IRC ac-
cording to RECIST v1.1. The secondary end points in-
cluded safety, duration of response (DOR), disease control
rate (DCR), progression-free survival (PFS), and OS. Ex-
ploratory end points included PD-L1 expression, plasma
EBV DNA copy number, tumor mutational burden (TMB),
and genetic biomarkers by whole-exome sequencing (WES)
as potential efficacy predictors.

PD-L1 expression was determined by immunohistochem-
istry (IHC) staining with SP142 antibody15 in a central lab
and evaluated by certified pathologists. PD-L1 expression
on tumor cells (TCs, defined as tumor proportion score) and
immune cells (ICs) were evaluated.

Plasma EBV DNA copy number was determined by the
quantitative reverse transcription polymerase chain re-
action (qRT-PCR) method with probes against EBV
genes before treatment and every 4 weeks until disease
progression.

CONTEXT

Key Objective
There are no approved therapies for the later-line treatment of nasopharyngeal carcinoma (NPC), and no immune

checkpoint inhibitor has been approved for the treatment of NPC.
Knowledge Generated
Toripalimab showed a manageable safety profile and a response rate of 20.5% with durable responses. Changes in plasma

Epstein-Barr virus DNA copy number correlated with response. Genomic alternations in 11q13 region or ETV6 gene may
be associated with low response rates.

Relevance
This study supports the use of toripalimab as a treatment option for recurrent or metastatic NPC in heavily pretreated

patients.
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WES was performed using SureSelect Human All Exon
V6 kit (Agilent, Santa Clara, CA) on tumor and matched
blood samples. Genomic alterations including micro-
satellite stability status, nucleotide variants, short and long
insertions and deletions (INDELs), copy number variants,
and gene rearrangement and fusions were assessed. TMB
was determined by analyzing somatic mutations including
coding base substitutions and INDELs according to mega-
base (Mb).

Sample Size Determination and Statistical Analysis

The sample size of the original NPC cohort was estimated
according to Simon’s two-stage design. In stage I, among
34 evaluable patients with NPC, if the number of re-
sponders was ,2, the study cohort would be terminated.
Otherwise, an additional 14 patients would be enrolled.
Considering a dropout rate of 10%, a total of 54 patients
with NPC would be enrolled. The study Protocol was
amended to increase the NPC cohort size to 100 after a
promising result (26.5% ORR) among the first 34 patients
at stage I. The sample size of the NPC cohort was further
amended to 180 patients after a type-B meeting with the
National Medical Product Administration (NMPA) of China
for registration purpose and was based on the following
assumptions. At a one-sided significance level of 0.025,
160 patients could provide at least 80% power to show the
efficacy of toripalimab at targeted ORR of 24% versus 15%
for alternative third-line therapy using Clopper-Pearson
method. As an estimated 20 patients with one prior line
of systemic treatment had been enrolled in the cohort, a
total of 180 patients would be enrolled.

Safety analysis included all patients with at least one dose
of study drug. ORR and its 95% exact CI were determined
by Clopper and Pearson methodology. Fisher’s exact test
was used to compute two-tailed P values from contingency
tables. PFS and OS were plotted using the Kaplan-Meier
method, with median and corresponding two-sided 95%
CI. Statistics analyses were performed using SAS version
9.4 or GraphPad Prism software.

RESULTS

Patient Population

From December 2016 to February 2019, 17 participating
centers in China screened 279 patients with RM-NPC and
190 patients were enrolled (Appendix Fig A1, online only).
Ninety-two patients (48.4%) had at least two prior lines
of systemic chemotherapy. Baseline characteristics are
summarized in Table 1. According to histology subtypes (WHO
Classification of Tumors), 182 patients (95.8%) were non-
keratinizing and 8 patients (4.2%) were keratinizing NPC.

Safety

All enrolled patients received a median of eight doses of
toripalimab (range, 1-69 doses). Permanent discontinua-
tion of toripalimab as a result of treatment-related adverse

event (TRAE) occurred in four patients, and dose inter-
ruption as a result of TRAE occurred in seven patients.

TRAEs occurred in 141 (74.2%) patients. Common TRAEs
(. 5%) were listed in Table 2. Grade 3-5 TRAEs occurred
in 27 (14.2%) patients (Appendix Table A1, online only).
Main immune-related adverse events included hypothy-
roidism (n 5 45, 23.7%), hyperthyroidism (n 5 5, 2.6%),
abnormal liver function (n 5 3, 1.6%), interstitial lung dis-
ease (n 5 3, 1.6%), dermatomyositis (n 5 1, 0.5%), and
autoimmune myocarditis (n 5 1, 0.5%).

Antitumor Activity

As of February 19, 2020, 1 year after the last enrollment,
94 (49.5%) patients died, 78 (41.1%) stopped treatment, and
18 (9.5%) remained on treatment. Median treatment duration
was 3.7 months (range, 0.2-34.8 months). Among 190 pa-
tients assessed by IRC according to RECIST v1.1, the ORR
was 20.5% (95% CI, 15.0 to 27.0), and the DCR was 40.0%
(95% CI, 33.0 to 47.3) (Table 3). Any decrease in target
lesions from baseline was observed in 73 (38.4%) patients
(Fig 1). The median time to response was 1.8 months (95%
CI, 1.8 to 2.1) and the median DOR was 12.8 (95% CI,
9.4 to not estimable) months. The median PFS was 1.9
(95% CI, 1.8 to 3.5) months and the median OS was
17.4 (95% CI, 11.7 to 22.9) months. The median OS of
patients with objective response (n 5 39) or stable
disease (n 5 38) was not reached by the cutoff date,
whereas the median OS of patients with progressive
disease (n 5 113) was 8.4 months.

For 92 2L1 patients, the ORR was 23.9% (95% CI, 15.6 to
33.9), and the DCR was 41.3% (95% CI, 31.1 to 52.1) as
assessed by IRC according to RECIST v1.1. The median
DOR was 21.5 (95% CI, 7.7 to not estimable) months, the
median PFS was 2.0 (95% CI, 1.8 to 3.6) months and the
median OS was 15.1 (95% CI, 10.4 to 20.4) months.

Subgroup analysis of both intent-to-treat population and
2L1 population showed that female patients, patients
with age $ 60 years, lactate dehydrogenase # 23 upper
limit of normal, or without liver metastasis had numerically
higher ORR (Appendix Tables A2 and A3, online only).
None of the differences, however, were statistically
significant.

Interestingly, compared with nonkeratinizing NPC (n 5
182), keratinizing NPC (n 5 8) had an ORR of 62.5%.
However, given the small sample size, further study is
warranted in a larger cohort of keratinizing NPC.

Plasma EBV DNA

Patients with EBV DNA titer ,10,000 IU/mL (n 5 75,
54.5%) had numerically higher ORR than those with
$ 10,000 IU/mL (n 5 104, 39.5%), 26.7% versus 15.4%.
But the difference was not statistically significant (P5 .088)
(Appendix Table A2).

Dynamic monitoring of plasma EBV DNA copy number
was performed during the study, and results were available
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from 148 patients. Patients with objective responses had a
significant greater EBV titer decrease from baseline to day
28 than patients with stable disease or progressive disease
(Fig 2). Furthermore, patients with $ 50% EBV titer de-
crease on day 28 (n 5 60) had significantly higher ORR
than those with ,50% decrease (n 5 88) (48.3% v 5.7%,
P 5 .0001). Notably, 14 patients who responded to tor-
ipalimab and later experienced disease progression had at
least 100% increase of plasma EBV titer occurring at a
median of 3 months before radiographic identification of
disease progression.

PD-L1 Expression

Among 190 patients, 48 (25.3%) were PD-L11 and 134
(70.5%) were PD-L12 defined by SP142 IHC staining,
whereas eight (4.2%) patients had unknown PD-L1 status.
PD-L11 patients, defined by TC positive staining . 1%,
had numerically higher ORR than PD-L12 patients (27.1%
v 19.4%), but the difference was not statistically signifi-
cant (P 5 .31). A total of 21/190 (11.1%) patients were
identified as PD-L1 high expression (. 25%). Patients with
PD-L1 high expression had a higher ORR (38.1% v 19.3%),
better median PFS (7.2 months v 1.9 months) and median
OS (unreached v 15.1 months) than patients with PD-L1
low expression. However, none of the differences were
statistically significant (Appendix Fig A2, online only). PD-L1
expression defined by IC positive staining . 1% was also
evaluated. PD-L1 IC1 patients (n 5 39) had 23.1% ORR,
whereas PD-L1 IC2 patients (n 5 143) had 21.0% ORR
(Appendix Table A4, online only).

Genomic Mutational Analysis

WES results were available for 174 patients. The most fre-
quently altered genes ($ 10%) identified in this study
included CDKN2A (20%), TP53 (13%), NFKB1A (13%),
CDKN2B (11%), ETV6 (11%), andMCL1 (10%) (Appendix
Fig A3, online only).

None of the genomic alternations had statistically sig-
nificant association with clinical efficacy (partial response
[PR] 1 complete response [CR] v stable disease 1 pro-
gressive disease). Notably, 12 patients with genomic am-
plification in the 11q13 region (including CCND1, FGF14,
FGF3, and FGF4 genes) had an ORR of 0%, whereas 19
patients with ETV6 genomic alternations (including 17
amplifications) had an ORR of 5.3%.

TMB

TMB determined by WES had a median value of
0.95 muts/Mb in the cohort. As suggested by Robert M.
Samstein et al,16 a cutoff of the top 10% of TMB value
(2.9 muts/Mb) was selected. Patients with TMB $

2.9 muts/Mb and those with TMB , 2.9 muts/Mb had no
significant differences in ORR, PFS, and OS (Appendix
Fig A4, online only). Four patients had TMB value over
10 muts/Mb in this cohort, including one microsatellite
instability-high (MSI-H) patient. Surprisingly, none of them
had an objective response to toripalimab with short PFS
(1.68-3.25 months) and OS (2.30-9.56 months).

DISCUSSION

NPC is distinct in its anatomic location and biology from
other epithelial tumors in the head and neck region. No ICI
has been approved to treat NPC. Phase III clinical trials
which led to the approval of pembrolizumab or nivolumab
for head and neck squamous cell carcinoma (HNSCC)
specifically excluded NPC.17,18 Standard treatment for
patients with RM-NPC beyond the first-line setting has not

TABLE 1. Summary of Patient Demographics
Characteristic Value N (100%)

No. of patients 190

Age, years Mean 46.4

Min, max 22.0, 71.0

Sex Male 158 (83.2)

Female 32 (16.8)

ECOG 0 66 (34.7)

1 124 (65.3)

TNM stagea III 3 (1.6)

IVa 10 (5.3)

IVb 177 (93.1)

Histologyb Keratinizing 8 (4.2)

Nonkeratinizing 182 (95.8)

PD-L1 statusc Positive 48 (25.3)

Negative 134 (70.5)

Unknown 8 (4.2)

Baseline LDH . 23 ULN 35 (18.4)

# 23 ULN 154 (81.1)

N/A 1 (0.5)

Prior lines of systemic treatment 1Ld 98 (51.6)

2L1 92 (48.4)

EBV DNA titer $ 10,000 IU/mL 104 (54.5)

, 10,000 IU/mL 75 (39.5)

N/A 11 (5.8)

NOTE. A total of 279 patients with nasopharyngeal carcinomawere screened and
190 were enrolled in the study from 17 participating centers from December 22,
2016 to February 19, 2019.
Abbreviations: EBV, Epstein-Barr virus; ECOG, Eastern Cooperative Oncology

Group; LDH, lactate dehydrogenase; N/A, not available; PD-L1, programmed death
ligand-1; TNM, tumor-node-metastasis; ULN, upper limit of normal.

aClassified according to American Joint Committee on Cancer and Union for
International Cancer Control version 8th TNM staging system.

bCategorized according to the WHO Classification of Tumors.
cPositive is defined as . 1% of tumor cells expressing PD-L1 by SP142

immunohistochemistry staining.
dFifteen patients with tumors progressed within 6 months after neoadjuvant or

adjuvant systemic treatment for nonmetastatic tumors. All others were patients with
metastatic tumors failing one systemic treatment. They were all categorized as
having one prior line of systemic treatment.
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been established. Chemotherapeutic or targeted agents
for 2L1 patients only had moderate antitumor activity with
ORRs ranging from 0% to 48% with median PFS of
5.2-5.4 months and median OS of 11.5-12.5 months.6

Several studies had shown promising activities of anti-
PD-1 monotherapy for chemorefractory NPCs. Among 44
unselected advanced patients with NPC treated with
nivolumab, the ORR was 20.5%.10 In KEYNOTE-028 study,
19 patients with PD-L11 NPC treated with pembrolizumab
had an ORR of 26.3%.11 Among 91 unselected advanced
patients with NPC treated with camrelizumab, the ORR
was 34.1%.12

In this study, with the largest NPC cohort treated with anti-
PD-1 monotherapy to date, the ORR of toripalimab for all

190 patients was 20.5% (95% CI, 15.0 to 27.0), the re-
sponse was durable with median DOR of 12.8 months
and the median OS was 17.4 months. The definition of
patient population with at least two prior lines of systemic
chemotherapy (2L1) was clarified and redefined retro-
spectively by the Chinese regulatory agency, the NMPA,
and 92 patients qualified as 2L1. Among 2L1 patients,
toripalimab had an ORR of 23.9% (95% CI, 15.6 to 33.9),
with a median DOR of 21.5 months and a favorable median
OS of 15.1 months.

There are three histopathological types of NPC by WHO
classification, keratinizing squamous cell carcinoma, non-
keratinizing carcinoma, and basaloid squamous cell car-
cinoma. Nonkeratinizing subtype is more common in

TABLE 2. Common (. 5%) TRAEs in the Study (N 5 190)
N (%) All Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

All TRAEs 141 (74.2) 55 (28.9) 59 (31.1) 17 (8.9) 4 (2.1) 6 (3.2)

Hypothyroidism 45 (23.7) 19 (10.0) 26 (13.7) 0 0 0

Anemia 29 (15.3) 15 (7.9) 12 (6.3) 2 (1.1) 0 0

AST increased 29 (15.3) 26 (13.7) 3 (1.6) 0 0 0

ALT increased 26 (13.7) 21 (11.1) 5 (2.6) 0 0 0

Asthenia 25 (13.2) 18 (9.5) 5 (2.6) 2 (1.1) 0 0

Proteinuria 24 (12.6) 24 (12.6) 0 0 0 0

Leukopenia 19 (10.0) 8 (4.2) 11 (5.8) 0 0 0

Pyrexia 18 (9.5) 13 (6.8) 5 (2.6) 0 0 0

Pruritus 16 (8.4) 14 (7.4) 2 (1.1) 0 0 0

Rash 12 (6.3) 8 (4.2) 4 (2.1) 0 0 0

Neutropenia 10 (5.3) 6 (3.2) 3 (1.6) 1 (0.5) 0 0

NOTE. Definitely related, probably related, and possibly related were classified as treatment-related adverse events. Possibly unrelated and definitely
unrelated were classified as treatment unrelated.
Abbreviations: ALT, alanine aminotransferase; TRAE, treatment-related adverse events.

TABLE 3. Clinical Efficacy Evaluated by IRC in the ITT and 2L1 Populations According to RECIST v1.1 or irRECIST Criteria
ITT (n 5 190) 2L1 (n 5 92)

Efficacy RECIST1.1 irRECIST RECIST1.1 irRECIST

CR 5 (2.6%) 5 (2.6%) 2 (2.2%) 2 (2.2%)

PR 34 (17.9%) 34 (17.9%) 20 (21.7%) 20 (21.7%)

SD 37 (19.5%) 52 (27.4%) 16 (17.4%) 23 (25.0%)

PD 86 (45.3%) 71 (37.4%) 40 (43.5%) 32 (34.8%)

NE 28 (14.7%) 28 (14.7%) 14 (15.2%) 15 (16.3%)

Total 190 (100.0%) 190 (100.0%) 92 (100.0%) 92 (100.0%)

ORR (%)a 39 (20.5%) 39 (20.5%) 22 (23.9%) 22 (23.9%)

95% CI 15.0% to 27.0% 15.0% to 27.0% 15.6% to 33.9% 15.6% to 33.9%

DCR (%)b 76 (40.0%) 91 (47.9%) 38 (41.3%) 45 (48.9%)

95% CI 33.0% to 47.3% 40.6% to 55.2% 31.1% to 52.1% 38.3% to 59.6%

Abbreviations: CR, complete response; DCR, disease control rate; IRC, independent radiologic review committee; irRECIST, immune-related RECIST; ITT,
intent-to-treat; NE, not evaluable; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable disease.

aORR 5 (CR 1 PR)/total 3 100%.
bDCR 5 (CR 1 PR 1 SD)/total 3 100%.

708 © 2021 by American Society of Clinical Oncology Volume 39, Issue 7

Wang et al



Southeast Asia and closely associated with EBV infection,
whereas keratinizing subtype is associated with environ-
mental factors, such as smoking and alcohol intake.19 The
frequency of keratinizing subtype is about 2% in Southeast
Asia, whereas it accounts for about 25% of all NPC in North
America.4,5 Keratinizing NPC (n 5 8) had a 62.5% ORR in
this study. Although it is interesting, considering the small

sample size and possible selection bias, further study in a
larger cohort of keratinizing NPC is warranted.

Virus DNA has been recognized as a prognostic bio-
marker in several virus-mediated malignancies. Latent in-
fection with EBV is crucial to the development of NPC.20

Measurement of plasma EBV DNA copy number has
been recommended for NPC diagnostic and prognostic
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FIG 1. Tumor responses of patients with nasopharyngeal carcinoma in this study cohort. (A) Maximal change of tumor size from baseline assessed by
independent review committee (IRC) according to RECIST v1.1 for patients with at least one post-treatment radiographic evaluation. The length of the
bar represents maximal decrease or minimal increase in target lesion(s). (B) Change of individual tumor burden over time from baseline assessed by
IRC according to RECIST v1.1. Tumor response was assessed before treatment, once every 8 weeks in the first year and then once every 12 weeks from
the second year until disease progression.
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monitoring.21-23 The dynamic change of EBV titer is closely
related to response to chemotherapy or radiotherapy.24,25

Similarly, plasma HPV DNA was indicated as a promising
biomarker for monitoring chemoradiotherapy response in
patients with HPV-associated oropharyngeal squamous cell
carcinoma.26 However, the value of circulating viral DNA titer
for immunotherapy has not been comprehensively investi-
gated. In the current study, we found that patients with
baseline EBV titer ,10,000 IU/mL had numerically higher
ORR than those with EBV titer $ 10,000 IU/mL (54.5% v
39.5%, P5 .088). Notably, responding patients (CR or PR)
had more significant EBV titer reduction from baseline to day
28 than patients with stable disease or progressive disease
(Fig 2). Furthermore, patients with $ 50% decrease of EBV
titer on day 28 had significantly better ORR than those
with,50% decrease (ORR 48.3% v 5.7%, P5 .0001). The
results supported the positive association of plasma EBV
DNA copy number reduction with improved disease control
in response to immunotherapy.

PD-L1 expression status correlated with favorable response
to immunotherapy in various cancers, but its value for
NPC was unclear. Consistent with nivolumab in advanced
NPC,10 our study observed a numerically higher but not
statistically significant ORR of PD-L1 TC1 patients than

PD-L1 TC2 patients (27.1% v 19.4%). Although PD-L1
staining by SP142 on IC was used in other indications,27

we found that PD-L1 IC expression had no apparent as-
sociation with clinical efficacy in our study, suggesting
different PD-L1 expression patterns and applications to
predict clinical response in different cancer types. The high
heterogeneity of PD-L1 expression in NPC28-30 may also
limit its value as a robust biomarker.

We also evaluated the predictive value of tumor TMB for
RM-NPC in response to ICI therapy. Our study discovered
that with a cutoff value of 2.9 muts/Mb (top 10% TMB
value), TMB has no predictive value for clinical response.
The median TMB value was 0.95 muts/Mb in the cohort,
which was consistent with previous reports.31,32 It was
suggested that rather than the accumulation of DNA mu-
tations, EBV infection might play a more important role in
driving NPC tumorigenesis.33 Consistent with our study, the
results of KEYNOTE-012 study and KEYNOTE-055 study
also found that TMBwas less predictive for HNSCC patients
with positive HPV or EBV, whereas high TMB correlated
with a better response for HNSCC patients with negative
HPV or EBV.34,35

WES was performed to identify genomic biomarkers for
immunotherapy in patients with RM-NPC. The frequently
altered genes were consistent with previous reports.36,37

Patients with genomic amplification in 11q13 region had no
response and those with ETV6 genomic alterations had an
ORR of 5.3%, indicating potential resistance mechanisms
to immunotherapy. Genomic amplification in 11q13 region
was previously reported to associate with poor response to
toripalimab in melanoma14 and esophageal squamous cell
carcinoma.38 Overexpression of CCND1, FGF, and ETV6
genes has been correlated with poor prognosis in patients
with NPC.39,40 The impact of genomic amplification in
11q13 region and ETV6 on immune function and immu-
notherapy needs to be further investigated.

In summary, POLARIS-02, the largest prospective clinical
study of anti-PD-1 monotherapy in patients with chemo-
refractory RM-NPC, showed a manageable safety profile.
The response rate and, more importantly, the DOR have
demonstrated that toripalimab provides substantial benefit
to patients with metastatic NPC who are receiving later-line
therapy. This study also provided new perspectives on pre-
dictive biomarkers in NPC. Plasma EBV DNA copy number
change might serve as a feasible predictor for clinical ef-
ficacy. A confirmatory phase III trial comparing toripalimab
versus placebo in combination with cisplatin plus gemci-
tabine as first-line treatment for RM-NPC is ongoing
(ClinicalTrials.gov identifier: NCT03430297).
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APPENDIX

Assessed for eligibility
(N = 279)

Ineligible
Withdrew consent
Other reasons

(n = 89)
(n = 0)
(n = 0)

Cut-off date: 2/19/2020
Deceased

Discontinued treatment
Remain on treatment

(n = 94)
(n = 78)

 (n = 18)

Analyzed
Safety dataset
Efficacy dataset

 (n = 190)
(n = 190)

Enrolled
(n = 190)

12/22/2016 to 2/19/2019

FIG A1. Consort diagram for the phase II study of toripalimab
treating patients with recurrent or metastatic nasopharyngeal
carcinoma refractory to standard therapy.
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TABLE A1. Grade 3 and Above Treatment-Related Adverse Events in the Study
Adverse Events All No. (%) Grade 3 No. (%) Grade 4 No. (%) Grade 5 No. (%)

All grade 3 and above 27 (14.2) 17 (8.9) 4 (2.1) 6 (3.2)

Death with unknown cause 4 (2.1) 0 0 4 (2.1)

Lymphopenia 3 (1.6) 3 (1.6) 0 0

Thrombocytopenia 3 (1.6) 2 (1.1) 1 (0.5) 0

Hyperbilirubinemia 3 (1.6) 1 (0.5) 1 (0.5) 1 (0.5)

Anemia 2 (1.1) 2 (1.1) 0 0

Asthenia 2 (1.1) 2 (1.1) 0 0

Amylase increased 2 (1.1) 2 (1.1) 0 0

Lung infection 2 (1.1) 1 (0.5) 0 1 (0.5)

Hepatic function abnormal 2 (1.1) 1 (0.5) 1 (0.5) 0

Neutropenia 1 (0.5) 1 (0.5) 0 0

Hyperglycemia 1 (0.5) 0 1 (0.5) 0

Blood alkaline phosphatase increased 1 (0.5) 1 (0.5) 0 0

Hyponatremia 1 (0.5) 1 (0.5) 0 0

Stomatitis 1 (0.5) 1 (0.5) 0 0

Weight decreased 1 (0.5) 1 (0.5) 0 0

GGT increased 1 (0.5) 1 (0.5) 0 0

Hypertriglyceridemia 1 (0.5) 1 (0.5) 0 0

Autoimmune myocarditis 1 (0.5) 1 (0.5) 0 0

Febrile infection 1 (0.5) 0 1 (0.5) 0

Pain 1 (0.5) 1 (0.5) 0 0

Subcutaneous abscess 1 (0.5) 1 (0.5) 0 0

Upper respiratory tract infection 1 (0.5) 1 (0.5) 0 0

Weight increased 1 (0.5) 1 (0.5) 0 0

Abbreviation: GGT, gamma-glutamyl transferase.
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TABLE A2. Biomarker and Subgroup Analysis for Correlation With Clinical Efficacy in All 190 Patients
Characteristic Value N ORR (%) 95% CI (%)

Age, years , 60 165 21.2 15.2 to 28.2

$ 60 25 16.0 4.5 to 36.1

Sex Male 158 19.0 13.2 to 26.0

Female 32 28.1 13.7 to 46.7

ECOG 0 66 21.2 12.1 to 33.0

1 124 20.2 13.5 to 28.3

Histologya Keratinizing 8 62.5 24.5 to 91.5

Nonkeratinizing 182 18.7 13.3 to 25.1

TNM stagesb III 3 33.3 1.8 to 23.1

IVa 10 0 NE to NE

IVb 177 21.5 15.7 to 28.3

LDH . 2 3 ULN 35 8.6 1.8 to 23.1

# 2 3 ULN 154 23.4 16.9 to 30.9

N/A 1 0 NE to NE

PD-L1 statusc Positive 48 27.1 15.3 to 41.8

Negative 134 19.4 13.1 to 27.1

Unknown 8 0 NE to NE

Prior lines of systemic treatment , 2 L 83 17.3 10.4 to 26.3

2 L1 92 23.9 15.6 to 33.9

EBV DNA copy $ 10,000 IU/mL 104 15.4 9.1 to 23.8

, 10,000 IU/mL 75 26.7 17.1 to 38.1

N/A 11 27.3 6.0 to 61.0

Liver metastasis Yes 101 16.8 10.1 to 25.6

No 89 24.7 16.2 to 35.0

Total 190 20.5 15.0 to 27.0

Abreviations: EBV, Epstein-Barr virus; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; N/A, not available; NE, not estimable;
ORR, objective response rate; PD-L1, programmed death ligand-1; TNM, tumor-node-metastasis; ULN, upper limit of normal.

aCategorized according to the WHO classification of tumors.
bClassified according to American Joint Committee on Cancer/Union for International Cancer Control version eight TNM staging system.
cPositive defined as . 1% of tumor cells expressing PD-L1 by SP142 immunohistochemistry staining.
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TABLE A4. Different Cutoffs of PD-L1 Expression on ICs by SP142 Staining and ORRs
ORR% IC 1% IC 5%

PD-L1 IC high 23.1 (n 5 39) 15.0 (n 5 20)

PD-L1 IC low 21.0 (n 5 143) 22.2 (n 5 162)

Abbreviations: IC, immune cell; ORR, objective response rate; PD-L1, programmed death ligand-1.

TABLE A3. Biomarker and Subgroup Analysis for Correlation With Clinical Efficacy in 2 L1 Patients (n 5 92)
Characteristic Value N ORR (%) 95% CI (%)

Age, years , 60 84 25.0 16.2 to 35.6

$ 60 8 12.5 0.3 to 52.7

Sex Male 75 22.7 13.8 to 33.8

Female 17 29.4 10.3 to 56.0

ECOG 0 34 20.6 8.7 to 37.9

1 58 25.9 15.3 to 39.0

LDH . 2 3 ULN 22 9.1 1.1 to 29.2

# 2 3 ULN 69 29.0 18.7 to 41.2

N/A 1 0 NE to NE

PD-L1 statusa Positive 23 21.7 7.5 to 43.7

Negative 65 26.2 16.0 to 38.5

Unknown 4 0 NE to NE

EBV DNA copy $ 10,000 IU/mL 57 19.3 10.0 to 31.9

, 10,000 IU/mL 33 30.3 15.6 to 48.7

N/A 2 50.0 1.3 to 98.7

Liver metastasis Yes 52 17.3 8.2 to 30.3

No 40 32.5 18.6 to 49.1

Total 92 23.9 15.6 to 33.9

Abbreviations: EBV, Epstein-Barr virus; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; N/A, not available; NE, not estimable;
ORR, objective response rate; PD-L1, programmed death ligand-1; ULN, upper limit of normal.

aPositive defined as . 1% of tumor cells expressing PD-L1 by SP142 immunohistochemistry staining.
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