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ABSTRACT
Background  Anti-programmed death (PD)-1 therapy 
has recently been used in recurrent or metastatic (R/M) 
nasopharyngeal carcinoma (NPC). The long-term survival 
and its biomarkers responding to anti-PD-1 treatment in 
patients with R/M NPC remain unclear.
Methods  Patients with R/M NPC were enrolled between 
March 2016 and January 2018 from two phase I clinical 
trials. The median follow-up period was 24.7 months. 
Eligible patients progressed on standard chemotherapy 
had measurable disease by Response Evaluation Criteria in 
Solid Tumor V.1.1. Non-obligatory contemporaneous tumor 
samples were collected for whole-exome sequencing. 
The primary outcome was objective response rate (ORR). 
Duration of response (DOR), progression-free survival 
(PFS), and overall survival (OS) were secondary outcomes 
assessed in all patients.
Results  Among 124 evaluable patients, anti-PD-1 therapy 
achieved an ORR of 29.8% and a durable clinical benefit 
rate of 60.5%. The median OS (mOS) was 17.1 months 
(95% CI 14.2 to 24.7), median PFS (mPFS) was 3.8 months 
(95% CI 3.4 to 6.0), and median DOR was 9.5 months. 
Significant OS benefit from treatment was observed in 
patients without liver metastasis (23.8 vs 13.3 months, 
p=0.006). Copy number deletion in genes encoding 
granzyme B or granzyme H (GZMB/H) was associated with 
poor treatment outcome (mPFS altered vs wildtype: 1.7 vs 
3.6 months, p=0.03; mOS altered vs wildtype: 10.1 vs 18 
months, p=0.012).
Conclusions  Anti-PD-1 treatment provided promising 
clinical benefit in pretreated patients with R/M NPC. 
Copy number loss in either GZMB or GZMH genes was 
associated with reduced survival.

BACKGROUND
Nasopharyngeal carcinoma (NPC) is a head 
and neck cancer arising from the epithelial 
lining of the nasopharynx,1 2 with a high 
prevalence in Southeast Asian populations.3 
Unlike other head and neck cancer, NPC is 
characterized by extensive Epstein-Barr virus 
(EBV) infection,4 which is implicated in 
driving tumorigenesis via its evasion of host 

innate immunity.5 Currently, gemcitabine 
plus cisplatin is used as standard first-line 
treatment for recurrent or metastatic (R/M) 
NPC.6 7 Patients who progressed on first-
line treatment have poor prognosis and few 
available follow-up treatment options. Active 
agents used in second line include paclitaxel, 
docetaxel, gemcitabine, capecitabine and so 
on, either as single agent or in combination 
with platinum. Nonetheless, second-line treat-
ments often yield unsatisfactory results, with 
estimated median progression-free survival 
(mPFS) at 5.2 months and estimated median 
overall survival (mOS) at 12.5 months.8

The last decade has seen significant 
development in immune-checkpoint inhib-
itors (ICIs), which have shown promising 
antitumor activity in a range of tumors 
including NPC.9–11 Additionally, previous 
studies reported the short-term efficacy and 
safety of ICIs in NPC.12–14 Among these, we 
have published preliminary results from two 
phase I clinical trials composing the largest 
cohort of R/M NPC treated with anti-PD-1 
to date12 14 that demonstrated anti-PD-1 
therapy have comparable immediate benefit 
to chemotherapies. Tumor mutation burden 
(TMB) was promising biomarkers of immune-
oncology (IO) therapy in other cancer 
types.15 16 However, others reported that the 
prognostic value of TMB was minimal since 
patients with NPC generally had lower muta-
tion burden compared with non-small cell 
lung cancer (NSCLC) or melanoma. There-
fore, NPC-specific molecular markers that 
can predict patients’ response to IO therapy 
are urgently needed.

Granzyme B (GZMB) is a serine protease 
that plays an important role in T cell and 
NK cell mediated tumor killing.17 It has 
been reported that granzyme H (GZMH) 
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has a similar capability.18 Recently, GZMB has emerged 
as a predictor of IO therapy response in different cancer 
types. One study found that the expression of GZMB in 
tumor samples from patients with melanoma was signifi-
cantly correlated with response, and the level of GZMB 
expression increased during treatment in responders.19 
Another study in patients with stage IV NSCLC found that 
high serum GZMB level was associated with better survival 
and patients with germline variants in GZMB had reduced 
survival compared with wildtype.20 Given the significance 
of granzyme function in lymphocyte cytotoxicity and 
implication in IO therapy outcome, we hypothesize that 
the granzyme family is predictive of response to anti-PD-1 
therapy in NPCs and loss of function in this pathway is 
associated with reduced survival.

METHODS
Study design and patients
Patients with R/M NPC were consecutively enrolled 
in two phase I clinical trials for advanced solid tumors 
(camrelizumab and nivolumab, ​ClinicalTrials.​gov identi-
fiers: NCT02721589 and NCT02593786) between March 
2016 and January 2018.12 14 The details of studies design 
of dose escalation and expansion phases were already 
reported. Camrelizumab trial enrolled 33 patients with 
NPC in dose escalation phase, and 60 patients with NPC in 
dose expansion phase (200 mg fixed dose every 2 weeks). 
Nivolumab trial enrolled 33 patients with NPC in dose 
escalation phase. Sample sizes in dose escalation phases 
were based on safety (dose-limiting toxicity), and in dose 
expansion phase were decided for overall response rate 
(ORR) consideration compared with historical control. 
The distribution of patients’ treatment in the current 
study was shown in online supplemental figure S1. Base-
line tumor samples and matched peripheral blood were 
provided non-obligatory right before the initiation of 
anti-PD-1 treatment. Written informed consent were 
provided by all patients.

Treatment and evaluation
Eligible patients received intravenous infusion of camrel-
izumab at dosages range from 1 mg/kg, 3 mg/kg, 200 mg 
and 10 mg/kg every 2 weeks; or nivolumab at dosage of 
3 mg/kg, 240 mg every 2 weeks and 360 mg every 3 weeks. 
Radiographic tumor assessments were taken at baseline 
and approximately every 6 weeks. Treatment response 
was assessed by investigators per Response Evaluation 
Criteria in Solid Tumors (RECIST) version 1.1. ORR was 
the sum of complete response (CR) and partial response 
(PR). Durable clinical benefit (DCB) was defined as 
the percentage of patients who achieved CR or PR or 
stable disease (SD) lasted >6 months; non-durable clin-
ical benefit (NDB) was defined as PD or SD that lasted 
≤6 months. Duration of response (DOR) was define as 
the duration from objective response to progression 
disease (PD) in responders. Treatment continued until 
confirmed PD, intolerable toxicities, death or withdrawal 

of consent. PFS was defined as the time from first dose to 
PD, or prior death. Censored data documented last radio-
graphic assessment before cut-off, loss of follow-up or 
change of treatment. Treatment beyond initial RECIST 
disease progression was permitted as long as patients 
satisfied the criteria in protocols. Survival follow-up was 
approximately every 3 months by clinic visits or telephone 
calls. Overall survival (OS) was duration from first dose to 
death, patients who remained alive were censored at the 
date of their last follow-up.

WES, mutation calling and copy number analysis
Available tumor tissues from 60 patients in this cohort 
underwent whole-exome sequencing (WES). Genomic 
DNAs from Formalin-fixed, paraffin-embedded (FFPE) or 
biopsy tumor samples and blood samples were extracted 
with QIAamp DNA FFPE Tissue Kit and DNeasy Blood and 
tissue kit (Qiagen, USA), respectively, and quantified by 
Qubit V.3.0 using the dsDNA HS Assay Kit (ThermoFisher 
Scientific, USA). WES was performed on Illumina 
HiSeq4000 platform using PE150 sequencing chemistry 
(Illumina, USA). Trimmomatic was used for FASTQ file 
quality control.21 Leading/trailing low quality (quality 
reading below 20) or N bases were removed. Paired-end 
reads were then aligned to the reference human genome 
(build hg19), using the Burrows-Wheeler Aligner.22 PCR 
deduplication was performed using Picard.23 GATK3 
was used for local realignment around indels and base 
quality score recalibration.24 Cross-sample contamination 
was estimated using ContEst25 (Broad Institute, contam-
ination rate <0.02). Somatic Single Nucleotide Variant 
calling was generated by Mutect26 and insertion/dele-
tions were called with Scalpel.27 Copy number alteration 
(CNA) analysis from sequencing data was performed 
using CNVKit.28 Focal level gain and loss were defined as 
normalized log2 depth ratio ≥1 or ≤−0.6,29 respectively.

Statistical analysis
Comparisons of proportion between groups and asso-
ciation between categorical variables were examined 
using the χ2 test. In biomarker subgroup analysis, quan-
titative variables such as TMB were stratified at multiple 
thresholds to identify association with survival. For 
survival analyses, Kaplan-Meier curves were compared 
using the log-rank test, and HRs were calculated by Cox 
proportional hazards model. Multivariate analysis was 
performed to assess potential cofounding effects among 
clinical variables. The focal CNA analysis was performed 
using a previously described pipeline.9 CNA p value 
was corrected for multiple hypothesis testing using the 
Benjamini-Hochberg method. All statistical analyses were 
performed in R (V.3.3.2).

RESULTS
Survival outcomes of the entire cohort
In the current study, 124 patients with R/M NPC were 
retrospectively examined. OS outcome and treatment 
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response to anti-PD-1 antibody were analyzed. Tumors 
from 60 patients were profiled by WES to uncover muta-
tional profiles related to treatment outcome. The median 
follow-up duration was 24.7 months (95% CI 23.3 to 
26.6). The majority of the patients (66.1%) failed at least 
two prior lines of therapy. All baseline characteristics were 
shown in table 1. Additionally, the baseline demographic 
from the 60 patients with WES data were not showing any 
significant differences compared with the other patients 
(online supplemental table S1).

Treatment by anti-PD-1 in all enrolled patients achieved 
a median OS of 17.1 months (95% CI 14.2 to 24.7) and 
a median PFS of 3.8 months (95% CI 3.4 to 6.0). One-
year OS rate was 62.6% (95% CI 54.5% to 71.9%), and 
the 2-year OS rate was 39.7% (95% CI 31.5% to 50%; 
figure 1A).The ORR for all patients was 29.8% (2 CR and 
35 PR), and the DCB rate was 60.5% (online supplemental 
table S2). The median DOR was 9.5 months (95% CI 6.0 
to 13.0).

The patient’s best response strongly predicted OS (mOS 
CR: not reached (NR); PR: NR; SD: 19.8 months; PD: 5.8 
months; figure 1B). In univariate analysis (figure 2), prior 
radiation was associated with better survival, whereas the 
number of distant metastatic sites and liver metastasis 
were associated with reduced survival (online supple-
mental figure S2). Other baseline clinical variables were 
not associated with survival in univariate and multivariate 
models (figure 2, online supplemental table S3).

Molecular markers associated with response
Among the 60 patients with WES data, the median TMB 
was 52. The distribution of TMB was not significantly 
different between patients with PR, SD, or PD (online 
supplemental figure S3A). Patients were grouped bina-
rily as TMB high versus low based on four different cut-
off values (20%, 40%, 60%, and 80% of TMB ranking), 
neither PFS nor OS differed between groups (online 
supplemental figure S3B,C). We divided patients into 
TMB high and low group by median and showed neither 
PFS nor OS were different between groups (online 
supplemental figure S3D,E), which was probably due 
to the overall low TMB levels within this cohort (data 
not shown). Additionally, the proportions of TMB high 
group among patients who received camrelizumab and 
nivolumab are not statistically different (28.6% vs 27.8%, 
Fisher’s exact test, p=1, detail data not shown). Likewise, 
the tumor neoantigen burden showed no impact on 
neither PFS nor OS (online supplemental figure S4A,B).

Next, we sought to characterize key immune-related 
pathways in the tumor samples, including 17 previously 
reported immune-related pathways from the Immu-
nology Database and Analysis Portal (ImmPort, https://
www.​immport.​org/), and the gasdermin, granzyme path-
ways. Because mutations were rare in these immune genes 
in this cohort, the distribution of CNA in key immune-
related pathways was examined. Within these 19 immune-
related pathways, only interferon (IFN), gasdermin and 
granzyme gene deletions occurred in more than 4 patients 

Table 1  Patients’ demographics and baseline clinical 
characteristics

No. (%) All patients (124)

Median age, years (range) 46 (23–73)

Sex (male/female)

 � Male 95 (76.6)

 � Female 29 (23.4)

ECOG performance status score

 � 0 35 (28.2)

 � 1 89 (71.8)

Smoking

 � Never 85 (68.6)

 � Former/current 35 (28.2)

 � Unknown 4 (3.2%)

Stage

 � Primary metastasis 13 (10.5)

 � Recurrent with distant metastasis 111 (89.5)

WHO histological classification

 � Undifferentiated non-keratinised 96 (77.4)

 � Differentiated non-keratinised 14 (11.3)

 � Keratinised squamous carcinoma 14 (11.3)

Distant metastasis sites

 � Lung 69 (55.6)

 � Liver 69 (55.6)

 � Bone 50 (40.3)

 � Distant lymph 46 (37.1)

 � Others 17 (13.7)

 � None 8 (6.5)

Prior lines for advanced disease

 � 1 42 (33.9)

 � 2 35 (28.2)

 � 3 25 (20.2)

 � 4 or more 22 (17.7)

Prior chemotherapy for advanced disease

 � Paclitaxel 74 (59.7)

 � Gemcitabine 69 (55.6)

 � 5-Fluoracial 52 (41.9)

 � Docetaxel 37 (29.8)

 � Tegafur 25 (20.2)

 � Cetuximab 23 (18.5)

 � Capecitabine 19 (15.3)

 � Ipilimumab 8 (6.5)

Comorbidity

 � Yes 83 (66.9)

 � No 41 (33.1)

Prior radiation

 � Yes 111 (89.5)

 � No 13 (10.5)

WES detection

 � Yes 60 (48.4)

 � No 64 (51.6)

ECOG, Eastern Cooperative Oncology Group; WES, whole-exome sequencing; WHO, 
world health organization.
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(online supplemental table S4), and these 3 pathways 
were therefore selected for downstream analysis.

Frequent deletion in granzyme genes was observed in 
this cohort, among which copy number loss in GZMB 
and GZMH occurred at the highest frequency (figure 3, 
online supplemental table S5). Deletion was also observed 
in gasdermins and type I IFN but at lower frequencies 
compared with granzymes. Mutations and deletions on 
other genes were also analyzed as shown in online supple-
mental tables S6 and S7). We examined the effect of GZMB 
and GZMH deletion on survival and found patients with 
copy number loss in either gene had worse PFS (1.7 vs 
3.6 months, p=0.03) and OS (10.1 vs 18 months, p=0.012) 
compared with the wildtype, as shown in figure 4. Fish-
er’s exact test confirmed that the proportions of GZMB/H 
loss were not statistically different among the camreli-
zumab and nivolumab group (47.6% vs 61.1%, p=0.405, 

detail data not shown). Furthermore, multivariate anal-
ysis using treatment agents and GZMB/H status confirms 
that GZMB/H loss have significant attribution towards 
patient PFS (p=0.027) and OS (p=0.013), while different 
treatment reagents had no significant attribution, as 
shown in online supplemental figure S5A,B. Similarly, 
these patients also had lower PR ratio (p=0.039) and DCB 
ratio (p=0.066) compared with the wildtype, as shown in 
figure 4A,B.

In addition, we looked at the overall effect of deletion 
in granzymes, gasdermins, and IFNs on survival. As shown 
in online supplemental figure S6A–C), the median PFS 
among patients with alternation in these pathways was 
worse compared with the wildtypes, although it was not 
significant for gasdermin alterations (mPFS granzyme 
1.7 vs 3.6 months, p=0.012; gasdermin 1.8 vs 3.5 months, 
p=0.39; IFN 1.7 vs 3.5 months, p=0.023). Similarly, 

Figure 1  Overall survival (OS) outcome and association with clinical variables. (A) Kaplan-Meier curve of OS in all patients with 
95% CI band represented by the shaded area.CI, confidence interval. (B) OS in all treated patients by best overall response. 
CR, complete remission; PR, partial remission; SD, stable disease; PD, progression disease; NR, not reached. (C) Swimmer 
plot that shows time to first response and duration of response. The length of the bars represents OS month. The first timepoint 
of response or progression, treatment discontinuation, and time of death were labeled for patients with events. Patients that 
continue treatment are labeled with an arrow.
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patients with alteration in their tumor had inferior OS 
compared with these without alteration (mOS gran-
zyme 7.4 vs 18 months, p=0.0046; gasdermin 4.3 vs 15.9 
months, p=0.042; IFN 8 vs 18 months, p=0.00079; online 
supplemental figure S7A–C). Furthermore, patients who 
had alteration in any of the pathways had significantly 
reduced PFS and OS compared with these with normal 
pathway functions (mPFS 1.7 vs 4.4 months, p=0.0047; 
mOS 7.4 vs 21 months, p<0.0001; online supplemental 
figure S7D).

Interestingly, in a cohort of patients with NPC treated 
with radiotherapy instead of checkpoint blockade and 
had tumor sequenced by WES, GZMB and GZMH dele-
tion was not associated with OS nor PFS (online supple-
mental figure S8A,B).30 Furthermore, to test if GZMB and 
GZMH deletion were associated with response to check-
point inhibitor in non-microbial-associated cancers, we 
examined a pan-cancer cohort including NSCLC, mela-
noma, bladder, and several other cancer types.10 Patients 
with deletion in either gene had reduced PFS and OS 
compared with wildtype although the difference was not 
significant (mPFS 2.6 vs 4.6 months, p=0.084; mOS 10.0 vs 
21.7 months, p=0.11; online supplemental figure S8C,D).

DISCUSSION
This study reported the first and largest cohort of long-
term survival outcome under anti-PD-1 therapy in R/M 
NPC. Overall, our results demonstrated that anti-PD-l 
treatment achieved durable survival benefit in patients 
with R/M NPC, and might yielded notable improved OS 

compared with historical control of second-line chemo-
therapies (median 12.5 months).8 31 32 Furthermore, 
anti-PD-1 achieved durable survival benefit in responders 
and SD in a subset of patients. For those 2-year survivors, 
mDOR was as long as 19.4 months. Furthermore, several 
clinical biomarkers showed strong correlation with anti-
PD-1 treatment outcome in R/M NPC. Patients with liver 
metastasis at baseline achieved reduced PFS and OS, 
which is also consistent with other findings in melanoma 
and NSCLC treated with anti-PD-1.33 34 These findings 
suggest the long-term survival benefit of anti-PD-1 therapy 
for R/M NPC and could be realized through individual-
ized treatment selection by biomarkers.

Several important immune-related pathways were 
frequently altered in this cohort and associated with resis-
tance to anti-PD-1 therapy. Specifically, we found that 
alteration in granzyme, gasdermin, and type I IFN were 
enriched in refractory tumors. Both GZMB and GZMH 
are known to induce rapid apoptosis of target cells by 
cytotoxic T cell or nature killer cells.18 In addition, GZMH 
also plays an important role in controlling viral infection. 
One study has shown that GZMH is important in clearing 
of hepatitis B virus by cytotoxic lymphocytes by direct 
targeting of viral proteins.35 GZMB and GZMH deletion 
were recurrent in this cohort and strongly correlated with 
poor outcome. Moreover, in patients with NPC treated 
with non-IO regimen, GZMB/GZMH deletion was not 
associated with OS. Additionally, patients with GZMB 
deletion also had inferior survival in IO cohort of other 
cancer types as reported by several studies.19 20 GZMB and 

Figure 2  Associations of baseline demographic and clinical characteristics with (A) overall survival (OS) and (B) progression-
free survival (PFS) in univariate analysis. All variables are categorical. HR greater than 1 indicates association with reduced 
survival. P values are labeled on the right side of each individual plot. ECOG, Eastern Cooperative Oncology Group; NR, not 
reached.
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GZMH are, in theory, predominantly expressed in the 
immune cells. Recent studies of single-cell transcriptomic 
analysis in patients with NPC have shown that GZMB and 
GZMH genes are highly expressed in the immune cells, 
but not expressed in the NPC cancer cells.36 37 It is likely 
that such signature loss in the immune cells are detected 
by our sequencing process, due to tumor-infiltrating 
immunes. Similarly, Gao et al has reported that the loss 
of IFN genes in the tumor cells, despite mostly expressed 
in immune cells, can be used as prognostic markers in 
patients receiving immune checkpoint therapy.38 More-
over, we noticed a difference of GZMB/H predictive 
power between NPC and other cancer types, which can 
be explained by the various levels of tumor-infiltrating 
lymphocytes among these tumor types. However, more 
experiments are needed to validate this hypothesis. Taken 
together, GZMB and GZMH are critical in augmenting 
the anti-PD-1 antibody mediated immune function and 
tumor killing.

Traditionally, apoptosis was considered the dominant 
form of programmed cell death induced by cytotoxic 
lymphocytes. However, recently studies have shown 
that non-apoptotic killing including pyroptosis is also 
used by these immune cells to clear infection or cancer 
cells.39 40 Pyroptosis, a proinflammatory form of cell 
death,41 is induced when gasdermin B are cleaved by 

granzyme A and this effect is upregulated by IFN.39 Simi-
larly, GZMB can also activate pyroptosis in target cells 
by gasdermine E.42 We found alteration in granzyme, 
gasdermin, and IFN genes resulted in reduced IO therapy 
response likely due to dysfunctional pyroptosis pathway 
and therefore weakened cytotoxic lymphocyte function. 
Evidence had shown that, during EBV latency and lytic 
cycles, type I and II IFN Jak-STAT signaling pathways were 
manipulated; expression and activity of IFN regulating 
factors were altered and host apoptosis signaling path-
ways were repressed.5 Therefore, compared with other 
tumors, the immune system of NPC may largely depend 
on non-apoptotic killing such as pyroptosis to eliminate 
viral transformed cells. Our findings suggest that even 
when the immune-checkpoint brakes are released by anti-
PD-1 antibodies, intact downstream effector functions of 
cytotoxic lymphocytes are necessary for cancer clearance. 
Future studies are needed to validate the prognostic value 
of these markers in more cancer types and to further 
examine their association with pyroptosis.

The present study was limited by its retrospective 
nature. Whether clinical and genomic variables we found 
were direct causes for treatment outcome is not clear 
and should be studied in prospective trials with larger 
sample size. Since only a subset of patients with both avail-
able tumor and blood samples was included in the WES 

Figure 3  Distribution of copy number loss of pyroptosis pathways in 60 patients with nasopharygeal carcinoma (NPC). 
Progression-free survival (PFS) and clinical characteristics of each patient were shown at the top. Loss of function (copy 
number loss and frame shift deletion) in interferon (IFN), gasdermins and granzyme genes were shown at the bottom. PR, partial 
remission; PD, progression disease; SD, stable disease.
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profiling, results derived from these analyses should be 
interpreted with caution. Furthermore, the WES profiling 
failed to distinguish between the immune cells and 
cancer cells. Single-cell level transcriptomic analysis are 
needed to better understand the potential of GZMB/H as 
biomarkers. Nonetheless, our results offered new insights 

on potential biomarkers of anti-PD-1 therapy in patients 
with R/M NPC.

In summary, we reported the long-term survival of 
patients with R/M NPC treated with anti-PD-1 and 
identified baseline clinical factors that were associated 
with survival outcome. Our results suggested alteration 

Figure 4  The effect of granzyme B or H (GZMB or GZMH) deletion on patients’ responses and survival. (A) Bar graph of 
Response Evaluation Criteria in Solid Tumors (RECIST) response in patients with alternation in either GZMB or GZMH gene 
versus wildtype. Fisher’s exact test. (B) Bar graph of durable clinical response in patients with alternation in either GZMB or 
GZMH gene versus wildtype. Fisher’s exact test. (C) Kaplan-Meier curve of progression-free survival (PFS) in patients with 
altered GZMB or GZMH genes versus wild type. (D) Kaplan-Meier curve of overall survival (OS) in patients with altered GZMB 
or GZMH genes versus wild type. DCB, durable clinical benefit; NDB, non-durable clinical benefit; PD, progression disease; PR, 
partial remission; SD, stable disease.
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in pyroptosis pathways including IFN, gasdermin, and 
granzyme coding genes were associated with poor 
survival. These findings should be validated in prospec-
tive trials.
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