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ABSTRACT
Background This study aimed to evaluate the antitumor 
activity of camrelizumab, an antiprogrammed cell 
death- 1 antibody, in pretreated recurrent or metastatic 
nasopharyngeal carcinoma (NPC) and to explore predictive 
biomarkers.
Methods Patients with recurrent (not amenable to locally 
curative treatment) or metastatic NPC who had failed at 
least two lines of chemotherapy were eligible to receive 
camrelizumab (200 mg intravenously every 2 weeks) for 
2 years or until disease progression, intolerable adverse 
events, withdrawal of consents, or investigator decision. 
The primary endpoint was objective response rate (ORR) 
assessed by an independent review committee (IRC). 
Programmed cell death- ligand 1 (PD- L1) expression was 
assessed by immunohistochemistry. Other immune- related 
biomarkers including major histocompatibility complex 
class I and major histocompatibility complex class II 
(MHC- II) were assessed by multiplex immunofluorescence 
staining.
Results Between August 14, 2018, and December 30, 
2019, a total of 156 patients were enrolled. The IRC- 
assessed ORR was 28.2% (95% CI 21.3% to 36.0%). 
The median progression- free survival was 3.7 months 
(95% CI 2.0 to 4.1) per IRC, and the median overall survival 
was 17.4 months (95% CI 15.2 to 21.9). The ORRs were 
35.2% (95% CI 25.3% to 46.1%) vs 19.4% (95% CI 
10.4% to 31.4%) in patients with tumor PD- L1 expression 
of ≥10% and<10%, respectively. Patients with durable 
clinical benefit (DCB), which was defined as complete 
response, partial response or stable disease of ≥18 weeks, 
had higher density of MHC- II+ cell in stroma than patients 
without DCB (median 868.1 (IQR 413.4–2854.0) cells/mm2 
vs median 552.4 (IQR 258.4 to 1242.1) cells/mm2). MHC- 
II+ cell density did not correlate with PD- L1 expression, 
and a composite of high stromal MHC- II+ cell density and 
tumor PD- L1 expression further enriched patients who 
could benefit from camrelizumab.
Conclusions Camrelizumab had clinically meaningful 
antitumor activity in patients with recurrent or metastatic 
NPC. The composition of both MHC- II+ cell density and 
PD- L1 expression could result in better patient selection.

INTRODUCTION
Standard first- line treatment for patients with 
recurrent or metastatic nasopharyngeal carci-
noma (R/M- NPC) is platinum- based chemo-
therapy.1 For patients who failed first- line 
chemotherapy, treatment options are limited 
and the prognosis remains dismal, with a median 
overall survival (OS) of about 12 months.2 Thus, 
there remains an urgent need for effective 
salvage treatment in this patient population.

Endemic nasopharyngeal carcinoma (NPC) 
tumors are characterized by intense infiltra-
tion of non- malignant lymphocytes and high 
expression of programmed cell death- ligand 1 
(PD- L1).3 4 These features of NPC render them 
potentially suitable for immunotherapy. Several 
antiprogrammed cell death- 1 (PD- 1) antibodies 
have demonstrated robust antitumor activity 
in patients with pretreated R/M- NPC, with an 
objective response rate (ORR) of 20%–34%.5–8 
However, anti- PD- 1 antibodies only benefit a 
subset of patients with R/M- NPC. The predic-
tive value of commonly used biomarkers, such as 
PD- L1 or tumor mutation burden, is limited for 
R/M- NPC.6–8 Therefore, identification of novel 
predictive biomarkers is still of great impor-
tance. Recent studies highlight the importance 
of the antigen presentation mechanism for 
immunotherapy in several cancers, including 
melanoma, classic Hodgkin lymphoma and 
non- small cell lung cancer.9–11 Exome and 
genome sequencings of primary NPC tumors 
have found that major histocompatibility 
complex class I (MHC- I) gene aberrations occur 
in a third of patients with NPC, which result in 
loss of corresponding protein expression and 
are associated with a poor prognosis.12 In addi-
tion, basic research reveals that Epstein- Barr 
virus (EBV) can suppress the expression of 
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major histocompatibility complex class II (MHC- II) genes by 
downregulation of the MHC class II master transactivator.13 14 
However, the significance of MHC- I/MHC- II gene expres-
sion in patients with NPC undergoing immunotherapy 
remains elusive.

In this report, we present results from a phase II pivotal 
study (Camrelizumab in Previously Treated Recurrent or 
Metastatic Nasopharyngeal Carcinoma (CAPTAIN)) evalu-
ating the efficacy and safety of camrelizumab (SHR- 1210), a 
humanized IgG4-κ anti- PD- 1 monoclonal antibody, for previ-
ously treated R/M- NPC. We also investigated the predictive 
value of potential biomarkers including MHC- I/MHC- II 
expression, PD- L1 expression and plasma EBV DNA status.

PATIENTS AND METHODS
Study design and patients
The CAPTAIN study is a multicenter, open- label, 
single- arm, phase II study conducted at eight hospital sites 

in China ( ClinicalTrials. gov identifier: NCT03558191). 
Eligible patients were aged between 18 and 75 years 
old, with histopathologically confirmed differentiated 
or undifferentiated non- keratinizing stage IVb NPC 
(defined according to the Chinese 2008 staging system 
for NPC 2017 edition).15 All patients had failed first- line 
platinum- based chemotherapy (concurrent chemoradio-
therapy was considered as a line of systemic treatment as 
long as disease progressed within 6 months after the end 
of treatment) and second- line single- agent or combined 
chemotherapy. Treatment failure was defined as disease 
progression during or after chemotherapy in recurrent 
NPC not amenable to locally curative treatment or meta-
static setting, and patients who changed treatment due 
to intolerable toxicities were not allowed. Other eligible 
criteria included an Eastern Cooperative Oncology 
Group (ECOG) performance status score of 0 or 1, at 
least one measurable lesion according to Response Evalu-
ation Criteria in Solid Tumors V.1.1 (RECIST 1.1; lesions 
located in a previously irradiated area were deemed 
unmeasurable), a life expectancy of at least 12 weeks, 
and adequate organ function. Patients were excluded if 
they underwent chemotherapy or targeted therapy within 
4 weeks before study entry or had immune checkpoint 
inhibitor treatment. Patients with previously treated brain 
metastases were eligible if they were clinically stable. The 
full eligibility criteria are described in the online supple-
mental methods.

Procedures
Enrolled patients received camrelizumab 200 mg intra-
venously every 2 weeks on 4- week treatment cycles for 
2 years or until disease progression, intolerable adverse 
events (AEs), withdrawal of consents or investigator 

Table 1 Baseline demographics and clinical characteristics

Characteristic Patients (N=156)

Age (years), median (range) 48 (23–71)

  <50 93 (59.6)

  ≥50 63 (40.4)

Sex

  Male 124 (79.5)

  Female 32 (20.5)

ECOG performance status

  0 24 (15.4)

  1 132 (84.6)

Histology

  Undifferentiated non- keratinizing 118 (75.6)

  Differentiated non- keratinizing 15 (9.6)

  Non- keratinizing 23 (14.7)

Metastases 156 (100)

Metastatic organs (n)

  1 37 (23.7)

  2 57 (36.5)

  ≥3 62 (39.7)

PD- L1 expression (%)

  <1 36 (23.1)

  ≥1 114 (73.1)

  Unknown 6 (3.8)

Prior lines of therapy

  2 92 (59.0)

  3 41 (26.3)

  ≥4 23 (14.7)

Data presented as n (%) unless otherwise indicated.
ECOG, Eastern Cooperative Oncology Group; PD- L1, programmed 
cell death- ligand 1.

Table 2 Antitumor activity according to IRC and 
investigator in the full analysis set

Response Per IRC (N=156) Per investigator (N=156)

Best overall response, n (%)

  CR 2 (1.3) 2 (1.3)

  PR 42 (26.9) 35 (22.4)

  SD 41 (26.3) 47 (30.1)

  PD 67 (42.9) 67 (42.9)

  NA 4 (2.6) 5 (3.2)

ORR, n (%) 
(95% CI)

44 (28.2) (21.3 to 36.0) 37 (23.7) (17.3 to 31.2)

DCR, n (%) 
(95% CI)

85 (54.5) (46.3 to 62.5) 84 (53.8) (45.7 to 61.9)

DOR, median 
(95% CI)

NR (9.5 to NR) NR (13.0 to NR)

TTR (weeks), 
median (range)

8.3 (7.3–40.7) 8.3 (7.1–56.0)

CR, complete response; DCR, disease control rate; DOR, duration of 
response; IRC, independent review committee; NA, not assessable; 
NR, not reached; ORR, objective response rate; PD, progressive 
disease; PR, partial response; SD, stable disease; TTR, time to 
response.
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decision. Radiographical assessments were performed 
every two cycles according to RECIST 1.1. Patients who 
were assessed as progressive disease could remain on 
treatment until confirmed progression assessed 4–6 
weeks later. A confirmatory scan was required for the 
initial complete and partial response (PR) at least 4 weeks 
later. AEs were graded per the National Cancer Institute 
Common Terminology Criteria for Adverse Events V.4.03.

Archived or fresh tumor samples were retrieved 
for immunohistochemical staining of PD- L1 expres-
sion in tumor cells with SP142 antibody (Abcam) in a 
central lab.16 Multiplex immunofluorescence staining 
of immune- related biomarkers including MHC- I, MHC- 
II, CD68, CD86, granzyme B, granzyme H, CD8A, IFN-γ, 
FoxP3, CD19 and CD4 were also conducted in a central 
lab (online supplemental methods). Plasma EBV DNA 
level was determined using quantitative reverse transcrip-
tion PCR method at baseline and every two cycles until 
disease progression.

Outcomes
The primary endpoint was confirmed ORR per indepen-
dent review committee (IRC). The secondary endpoints 
were investigator- assessed ORR, duration of response 
(DOR), disease control rate (DCR), time to response 
(TTR), progression- free survival (PFS) and OS. Explor-
atory analyses were done to investigate the predic-
tive value of PD- L1 expression, other immune- related 
biomarkers including MHC- I and MHC- II, and plasma 

EBV DNA level. The definitions of endpoints are present 
in the online supplemental methods.

Statistical analyses
On the basis of the results from the previous phase I study 
with camrelizumab in pretreated advanced NPC,8 an 
ORR of 26% was used to determine the sample size in the 
present study. In addition, pembrolizumab was approved 
in patients with head and neck squamous cell carcinoma 
who had been pretreated with platinum- containing 
chemotherapy with an ORR of 16%.17 Therefore, 15% 
was considered the minimum clinically meaningful ORR. 
Assuming a targeted ORR of 26%, with a one- sided α 
of 0.025, a sample size of 139 patients was required to 
provide a 90% power to declare the lower bound of 95% 
CIs for ORR to exceed 15%. Assuming a dropout rate of 
10%, the maximum target sample size estimated was 155 
patients.

All patients who received at least one dose of study 
treatment were included in the efficacy and safety anal-
ysis set (full analysis set). The 95% CIs of ORR and DCR 
were calculated using the Clopper- Pearson method. PFS 
and OS were plotted using the Kaplan- Meier method, 
with median and corresponding 95% CIs calculated 

Figure 1 Tumor response assessment according to 
independent review committee. (A) Best reduction from 
baseline in sum of the longest diameters of target lesions. 
(B) Treatment exposure and tumor response of patients who 
were assessed as complete response or partial response.

Figure 2 Kaplan- Meier curves per independent review 
committee in the full analysis set. (A) Progression- free 
survival. (B) Overall survival.
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using the Brookmeyer- Crowley method on a log–log 
transformation. Median DOR and 95% CI were calcu-
lated with the Kaplan- Meier product limit estimate. TTR 
was summarized descriptively. In addition to response 
defined by RECIST, we also defined efficacy as durable 
clinical benefit (DCB, including complete response 
(CR), PR, and stable disease that lasted ≥18 weeks) or no 
durable benefit (NDB, including progressive disease and 
stable disease that lasted <18 weeks). Subgroup analysis 
was done to investigate the treatment effect of camreli-
zumab in subgroups according to baseline characteris-
tics. Correlations were examined with the Spearman rank 
correlation coefficients. Receiver operating characteristic 
curves that plotted sensitivity and 1 specificity of contin-
uous variables and DCB were assessed by generating the 
area under the curve (AUC). All statistical analyses were 
done with SAS V.9.4 or R V.4.0.3.

RESULTS
Patient characteristics and treatment
Between August 14, 2018, and December 30, 2019, 193 
patients were screened for eligibility, and a total of 156 
patients were enrolled. All enrolled patients received at 
least one study treatment and were included in efficacy 
and safety analyses. Patient baseline characteristics are 
listed in table 1. Most of the patients (84.6%) had an 
ECOG performance status of 1, and 41.0% of patients 
had undergone three or more lines of prior therapies. All 
patients had metastases, and 39.7% of them had metas-
tases in at least three organs. At data cut- off on December 
30, 2020, the median follow- up duration was 14.2 months 
(range 0.7–27.6). A total of 140 patients discontinued 
study treatment. Of them, 7 patients completed the 2- year 
camrelizumab treatment, and 109 patients discontinued 
due to disease progression. Other common reasons for 
discontinuation were patient decision (13 patients), 
AEs (5 patients), and investigator decision (3 patients) 
(online supplemental figure 1).

Antitumor activity
As of data cut- off, two patients (1.3%) achieved CR and 
42 (26.9%) had PR per IRC. The ORR reached 28.2% 
(95% CI 21.3% to 36.0%), and the DCR was 54.5% (95% 
CI 46.3% to 62.5%). The investigator assessment gave 
similar results, with an ORR of 23.7% (95% CI 17.3% to 
31.2%) (table 2). The change in target lesion in sum of 
the longest diameters are shown in figure 1A. The median 
TTR was 8.3 weeks (range 7.3–40.7) per IRC. The response 
and treatment durations of all responders are shown in 
figure 1B swimmer plot. Given that 26 (59.1%) of 44 
responses remained ongoing, the median DOR was not 
reached. The median PFS by IRC was 3.7 months (95% CI 
2.0 to 4.1), and the median OS was 17.4 months (95% CI 
15.2 to 21.9) (figure 2). Objective response to camreli-
zumab was observed in all subpopulations according to 
subgroup analysis (online supplemental figure 2).

Biomarker analyses
Tumor PD- L1 expression was assessed in 150 patients. 
Among these patients, 114 were PD- L1+ (defined as PD- L1 
positive staining on ≥1% of tumor cells) and 36 were PD- L1–. 
The ORR was comparable between PD- L1+ and PD- L1– 
patients (29.8% (95% CI 21.6% to 39.1%) vs 25.0% (95% 
CI 12.1% to 42.2%) (online supplemental table 1). However, 
the ORR was higher in patients with high PD- L1 expression 
(88 patients, defined as PD- L1 positive staining on ≥10% 
of tumor cells) than those with low PD- L1 expression (62 
patients, 35.2% (95% CI 25.3% to 46.1%) vs 19.4% (95% 
CI 10.4% to 31.4%)). In addition, we also observed longer 
median PFS (3.9 months (95% CI 2.7 to 7.8) vs 2.8 months 
(95% CI 1.8 to 3.8)) and median OS (19.9 months (95% CI 
17.5 to not reached) vs 14.2 months (95% CI 10.6 to 17.5)) 
in patients with high PD- L1 expression than those with low 
PD- L1 expression.

Multiplex immunofluorescence staining was done in 121 
patients (online supplemental figure 3). No significant asso-
ciations were observed between immune- related biomarkers 
with clinical outcomes in terms of objective response or DCB 
except for density of MHC- II+ cells in the stroma (online 
supplemental figure 4). Patients with DCB or objective 
response had higher density of stromal MHC- II+ cells than 
patients without DCB (median 868.1 (IQR 413.4–2854.0] 
cells/mm2 vs median 552.4 (IQR 258.4–1242.1) cells/mm2) 
or objective response (median 1091.8 (IQR 409.0–3411.7) 
cells/mm2 vs median 605.5 (IQR 298.0–1391.3) cells/mm2, 
respectively; figure 3A). We then examined how increasing 
cut- off points of MHC- II cell densities affected response to 
camrelizumab treatment. When MHC- II+ cell density was 
stratified into increasing quartiles, DCB rate, PFS and OS 
improved with increasing MHC- II+ cell density, especially in 
those with cell density above 75th percentile (>1538.0 cells/
mm2, figure 3B–D). Higher DCB rates (60.0% vs 38.5%), 
longer median PFS (8.3 months (95% CI 3.7 to 24.1) vs 2.1 
months (95% CI 1.9 to 3.7)), and improved median OS 
(not reached (95% CI 15.7 to not reached) vs 16.5 months 
(95% CI 12.8 to 19.6]) were observed in patients with stromal 
MHC- II+ cell density above versus below the 75th percentile.

No correlation was found between PD- L1 expression and 
MHC- II+ cell density (Spearman p=−0.1027, online supple-
mental figure 5). PD- L1 expression and MHC- II+ cell density 
demonstrated similar predictive value on the likelihood of 
DCB (PD- L1 AUC 0.586, MHC- II+ AUC 0.637; online supple-
mental figure 6). When considered as a composite variable, 
patients with high PD- L1 expression level (positive staining 
on ≥10% of tumor cells) and high density of stromal MHC- 
II+ cells (above 75th percentile) were associated with the 
highest DCB rate, while patients with the presence of only 
one variable showed lower DCB rates, and the DCB rate 
was the lowest in patients with neither variable (figure 3E). 
Of note, the same trend was also observed when analyzing 
the association of this composite variable with PFS and OS 
(figure 3F,G, and online supplemental table 2).

At last, a higher proportion of patients with baseline 
negative plasma EBV DNA (39 patients) achieved objective 
response than those with positive plasma EBV DNA (117 
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patients, 41.0% vs 23.9%). The median PFS was longer in 
patients with negative EBV DNA status than patients with 
positive EBV DNA status (6.0 vs 2.7 months). The median OS 
was 22.7 vs 16.5 months, respectively (online supplemental 
table 3). Tumor burden analysis showed that patients with 
baseline positive plasma EBV DNA level had a longer mean 
(SD) diameter of target lesions compared with patients with 
negative plasma EBV DNA (64.3 (40.0) mm vs 40.9 (24.8 
mm). Dynamic change of plasma EBV DNA level from base-
line to the first post treatment assessment was also assessed 

during the study. Patients with ≥50% EBV DNA level decrease 
showed higher ORR (42.9% vs 6.8%) and longer median PFS 
(5.5 vs 1.9 months) than those with <50% decrease (online 
supplemental table 4).

Safety
AEs of any grade occurred in 155 (99.4%) of 156 patients. 
Of them, 52 patients (33.3%) had grade ≥3 AEs. Grade ≥3 
treatment- related adverse events (TRAEs) were reported 
in 24 patients (15.4%, table 3), with the most common 

Figure 3 Clinical features and association of MHC- II+ cell density and PD- L1 expression with response to immunotherapy. (A) 
Cell density of stromal MHC- II+ cells among patients with DCB versus NDB, and among patients with CR and PR versus SD 
and PD. (B) DCB rate in patients with increasing cut- off points of MHC- II+ cell densities. (C) PFS in patients with stromal MHC- 
II+ cell densities above each percentile. (D) OS in patients with stromal MHC- II+ cell densities above each percentile. (E) The 
proportion of patients with DCB among patient groups defined by a composite variable of PD- L1 expression (≥10% vs <10%) 
and density of MHC- II+ cells in stroma (above vs below 75th percentile). (F) PFS among patient groups defined by a composite 
variable of PD- L1 expression (≥10% vs <10%) and density of MHC- II+ cells in stroma (above vs below 75th percentile). (G) OS 
among patient groups defined by a composite variable of PD- L1 expression (≥10% vs <10%) and density of MHC- II+ cells in 
stroma (above vs below 75th percentile). CR, complete response; DCB, durable clinical benefit; MHC- II, major histocompatibility 
complex class II; NDB, no durable benefit; OS, overall survival; PD, progressive disease; PD- L1, programmed cell death- ligand 
1; PFS, progression- free survival; PR, partial response; SD, stable disease.
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being increased gamma- glutamyltransferase (3.2%), 
anemia (3.2%), reactive capillary endothelial prolif-
eration (RCEP, 1.9%), and increased alanine amino-
transferase (1.9%). A treatment- related death resulting 
from disease progression was reported. Discontinuation 
of camrelizumab as a result of TRAE occurred in two 
patients (1.3%), and dose interruption due to TRAEs 
was reported in 19 patients (12.2%). Grade 3 immune- 
mediated AEs were reported in seven patients (4.5%), 
being RCEP (1.9%), increased alanine aminotransferase 
(1.9%), increased aspartate aminotransferase (0.6%), 
anemia (0.6%), and pneumonitis (0.6%). No grade 4 and 
5 immune- mediated AEs occurred.

DISCUSSION
In this study, camrelizumab monotherapy demonstrated 
promising antitumor activity in patients with pretreated 
R/M- NPC, with an ORR of 28.2%, a median PFS of 3.7 
months and a median OS of 17.4 months. The safety 
profile of camrelizumab was manageable, with no new 
safety signals identified.

Several previous studies had investigated anti- PD- 1 
monotherapy in patients with R/M- NPC who failed 
platinum- based chemotherapy. Pembrolizumab showed 
an ORR of 25.9% among 27 patients with PD- L1 positive 
NPC in the KEYNOTE- 028 study.5 Nivolumab showed 
an ORR of 20.5% in 44 patients with pretreated NPC 
in the NCI- 9742 study.6 In the POLARIS- 02 study (Tori-
palimab in Previously Treated Recurrent or Metastatic 
Nasopharyngeal carcinoma: A Phase II Clinical Trial), 
among 92 patients with NPC who failed at least two lines 
of chemotherapy, the ORR was 23.9%, and the median 
PFS and OS were 2.0 and 15.1 months, respectively.7 Our 
previous phase I study demonstrated an ORR of 34% and 
a median PFS of 5.6 months.8 Collectively, these findings 
strongly support the critical role of anti- PD- 1 antibody 
monotherapy in chemotherapy- refractory patients with 
R/M- NPC.

Optimal biomarker to select patients who will benefit 
most from immunotherapy remains lacking in NPC. The 
predictive value of PD- L1, the most extensively studied 
biomarker for anti- PD- 1 or anti- PD- L1 therapies, was 
inconclusive in NPC. In the NCI- 9742 study, nivolumab 
provided a numerically higher ORR among patients with 
PD- L1+ tumors (≥1%) than those with PD- L1− tumors 
(33% vs 13%), but the difference was not significant, 
which could be due to the relatively small sample size 
(18 vs 23 patients).6 In the POLARIS- 02 study with 190 
patients,7 the ORRs were 27.1% and 19.4% in patient 
populations with PD- L1+ and PD- L1− R/M- NPC, and 
the difference still did not reach statistical significance 
either. By setting a higher threshold (>25%), the differ-
ence in ORR (38.1% vs 19.3%), PFS (median, 7.2 vs 1.9 
months) and OS (median, unreached vs 15.1 months) 
among patients with a PD- L1 expression above or below 
the threshold enlarged. However, none of the differences 
were statistically significant. Recently, a phase III study 
reported that pembrolizumab monotherapy did not 
improve the OS compared with chemotherapy in patients 
with pretreated R/M- NPC.18 Of note, in a subgroup of 
patients with PD- L1 combined positive score of ≥10, 
the OS benefit was observed with chemotherapy versus 
pembrolizumab.18 In the present study, the ORR among 
patients with tumor PD- L1 expression level of ≥1% or 
<1% (29.8% vs 25.0%) was comparable. When using a 
higher threshold (≥10%), we observed higher ORR and 
improved median PFS and OS in patients with high PD- L1 
expression than those with low PD- L1 expression. These 
results suggest that PD- L1 expression has certain predic-
tive utility in NPC. However, further studies are needed 
to explore the optimal cut- off value, assays and scoring 
methods of PD- L1.

In the present study, we also examined the association 
of other immune- related biomarkers with outcome after 
camrelizumab therapy. We found that high density of 
MHC- II+ cell in the stroma was associated with improved 
DCB rate, longer median PFS and OS. Of note, there was 
no strong correlation between density of MHC- I+ cell nor 
CD8+ cell with clinical outcome. Our findings were 

Table 3 Treatment- related adverse events with all grades 
occurring in ≥5% of all patients

Events

Patients (N=156)

All grades Grade ≥3

RCEP 140 (89.7) 3 (1.9)

Anemia 43 (27.6) 5 (3.2)

Hypothyroidism 38 (24.4) 0

Aspartate aminotransferase increased 37 (23.7) 2 (1.3)

Fever 34 (21.8) 0

Alanine aminotransferase increased 27 (17.3) 3 (1.9)

Asthenia 27 (17.3) 0

Cough 27 (17.3) 0

Pruritus 22 (14.1) 0

Blood thyroid- stimulating hormone 
increased

21 (13.5) 0

White blood cell count decreased 19 (12.2) 1 (0.6)

Proteinuria 18 (11.5) 0

Hypoalbuminemia 15 (9.6) 0

Productive cough 13 (8.3) 0

Thyroxine- free decreased 13 (8.3) 0

Rash 12 (7.7) 1 (0.6)

Blood creatinine increased 12 (7.7) 0

Gamma- glutamyltransferase increased 10 (6.4) 5 (3.2)

Neutrophil count decreased 10 (6.4) 0

Blood alkaline phosphatase increased 8 (5.1) 2 (1.3)

Occult blood positive 8 (5.1) 0

Decreased appetite 8 (5.1) 0

Data presented as n (%).
RCEP, reactive capillary endothelial proliferation.
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consistent with previous studies. Roemer et al11 reported 
that 92% (11 of 12 patients) of patients with classic 
Hodgkin lymphoma who had membranous MHC- II 
expression on tumor cells reached CR to nivolumab, 
whereas the majority of patients who achieved CR had 
tumors that were negative for β2M and MHC- I.11 Consis-
tent result was reported by Johnson et al, in which two 
independent cohorts of melanoma patients were treated 
with anti- PD- 1 or anti- PD- L1 antibodies, and MHC- II 
positivity in tumor cells was significantly associated with 
better ORR, PFS and OS.10 Emerging evidence from basic 
research also highlight the important role of MHC- II 
antigen presentation pathway in immunotherapy. As 
MHC- II could bind to a higher diversity of tumor anti-
gens as compared with MHC- I,19 20 tumor neoantigens 
were largely recognized by MHC- II.21 22 Importantly, there 
was no correlation between the expression of MHC- II and 
PD- L1, and a composite of MHC- II+ and PD- L1 expres-
sion further enriched patients who would benefit from 
camrelizumab. Of note, as these biomarker analyses were 
not prespecified, these findings should be validated in 
the future.

Pretreatment and the dynamic change of plasma EBV 
DNA level during radiotherapy, chemoradiotherapy, or 
chemotherapy have been established as a robust predictive 
biomarker in NPC.23–25 In the present study, the predic-
tive value of pretreatment and dynamic change of plasma 
EBV DNA was assessed in patients undergoing immuno-
therapy. At baseline, patients with negative EBV DNA 
level had higher ORR and longer median PFS compared 
with patients with positive EBV DNA level. Notably, in 
our trial, a positive correlation between tumor load and 
baseline plasma EBV DNA level was observed. Therefore, 
we assumed that the prognostic value of plasma- negative 
EBV DNA may be due to the low shedding of EBV DNA 
into circulation. Furthermore, patients with ≥50% 
decrease in EBV DNA level from baseline to the first post- 
treatment assessment also had improved outcome than 
those with <50% decrease in EBV DNA level. Our find-
ings were consistent with data in the PLOARIS- 02 study,7 
which further confirmed the value of plasma EBV DNA 
as a reliable predictor for clinical efficacy in patients 
with R/M- NPC receiving immunotherapy. Since almost 
all endemic NPCs are associated with EBV infection,26–28 
whether the clinical outcomes of camrelizumab could 
be extrapolated to the non- endemic regions still needs 
further investigation.

CONCLUSIONS
Camrelizumab had encouraging clinical activity in patients 
with heavily pretreated R/M- NPC with manageable safety 
profile. The composition of both MHC- II+ cell density 
and PD- L1 expression could result in better patient selec-
tion, which should be validated in future studies.
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