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Summary
Background KL-A167 is a fully humanized monoclonal antibody targeting programmed cell death-ligand 1. This
phase 2 study aimed to evaluate the efficacy and safety of KL-A167 in Chinese patients with previously treated recur-
rent or metastatic (R/M) nasopharyngeal carcinoma (NPC).

Methods This was a multicentre, single-arm, phase 2 study of KL-A167 in R/M NPC (KL167-2-05-CTP)
(NCT03848286), conducted at 42 hospitals across the People’s Republic of China. Eligible patients had histologi-
cally confirmed non-keratinising R/M NPC, and had failed at least two lines of chemotherapy. Patients received KL-
A167 900mg intravenously once every 2 weeks until confirmed disease progression, intolerable toxicity, or with-
drawal of informed consent. The primary endpoint was objective response rate (ORR) assessed by the independent
review committee (IRC) according to RECIST v1.1.

Findings Between Feb 26th, 2019 and Jan 13th, 2021, 153 patients were treated. Totally, 132 patients entered full
analysis set (FAS) and were evaluated for the efficacy. As of data cutoff date on Jul 13th, 2021, the median follow-up
time was 21.7 months (95%CI 19.8−22.5). For FAS population, the IRC-assessed ORR was 26.5% (95%CI
19.2−34.9%), and disease control rate (DCR) was 56.8% (95%CI 47.9−65.4%). Median progression-free survival
(PFS) was 2.8 months (95%CI 1.5−4.1) . Median duration of response was 12.4 months (95%CI 6.8−16.5), and
median overall survival (OS) was 16.2 months (95%CI 13.4−21.3). When using the cutoff of 1000 copies/ml,
5000 copies/ml and 10,000 copies/ml for plasma EBV DNA titer, baseline low plasma EBV DNA was consistently
related with better DCR, PFS and OS. Dynamic change of plasma EBV DNA was significantly associated with ORR
and PFS. Among 153 patients, treatment related-adverse events (TRAEs) occurred in 73.2% of patients, and grade ≥3
TRAEs were in 15.0% of patients. No TRAE leading to death was reported.

Conclusion In this study, KL-A167 showed promising efficacy and an acceptable safety profile in patients with previ-
ously treated R/M NPC. Baseline plasma EBV DNA copy number might be a potentially useful prognostic biomarker
for KL-A167 treatment, and post-treatment EBV DNA decrease might be correlated with better response to KL-A167.

Funding Sichuan Kelun-Biotech Biopharmaceutical Co., Ltd., China National Major Project for New Drug Innova-
tion (2017ZX09304015).

Copyright � 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction
Nasopharyngeal carcinoma (NPC) is characterized by a
distinct pattern of geographical distribution, which is
particularly endemic to Southern China, Southeast
Asia, and North Africa.1,2 The age-standardized rate was
3 cases per 100,000 in China compared to 0.4 case per
100,000 in populations that are mainly white.1 In
endemic regions, non-keratinising differentiated and
undifferentiated carcinomas are the predominant path-
ological subtypes, accounting for more than 95% of
cases, and intimately associated with Epstein-Barr virus
(EBV) infection.1,3,4 By contrast, keratinising subtype is
more frequent in non-endemic areas.1,3

In the past few decades, advances in imaging and
radiotherapy techniques, and broader application of sys-
temic therapy have led to remarkable improvements in
treatment outcomes.5 Despite these improvements, ret-
rospective studies in the era of intensity-modulated
radiotherapy revealed that local failure occurred in 5%
to 15% of patients, and distant metastases were observed
in 15% to 30% of patients.6 The clinical outcomes of
patients with recurrent or metastatic (R/M) NPC are
www.thelancet.com Vol 31 February, 2023
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Research in context

Evidence before this study

We searched PubMed between Jan 1st, 2010 and Jan
31st, 2022, for studies relevant to efficacy and safety of
programmed cell death-1(PD-1) and programmed cell
death-ligand 1 (PD-L1) inhibitors using the search terms
“PD-1” OR “PD-L1” OR “pembrolizumab” OR “nivolumab”
OR “camrelizumab” OR “toripalimab” OR “tislelizumab”
OR “sintilimab” OR “atezolizumab” OR “durvalumab” OR
“avelumab” AND “recurrent or metastatic” AND “previ-
ously treated” OR “pretreated” AND “nasopharyngeal
carcinoma (NPC)”, including related terminology. No
language restrictions were used in the search. One
phase 1 trial and four phase 2 trials were identified to
evaluate the clinical benefits of PD-1 inhibitors (pem-
brolizumab, nivolumab, camrelizumab and toripalimab)
in previously treated recurrent or metastatic (R/M) NPC.
All these studies demonstrated promising efficacy and a
manageable safety profile of a PD-1 inhibitor monother-
apy in R/M NPC. A phase 2, randomized study evaluated
the efficacy and safety of spartalizumab, an anti-PD-1
inhibitor, versus chemotherapy per investigator’s choice
in platinum-refractory R/M NPC, and the primary end-
point of median PFS was not met. In addition, a phase
1a trial evaluated the PD-L1 inhibitor atezolizumab in a
small number of patients with previously treated,
advanced head and neck cancer including four patients
with R/M NPC, and reported a preliminary antitumour
activity of atezolizumab. However, there was no pub-
lished study that specially evaluated the efficacy and
safety of a PD-L1 inhibitor in R/M NPC patients before
this study.

Added value of this study

To the best of our knowledge, this study is the first pub-
lished and largest report evaluating the efficacy and
safety of a PD-L1 inhibitor in previously treated R/M
NPC patients. The PD-L1 monoclonal antibody KL-A167
showed promising efficacy in Chinese patients with pre-
viously treated R/M NPC. Additionally, KL-A167 had a
favorable safety profile, with no new or unexpected
safety signals reported. The results of this study also
confirmed the potential prognostic value of baseline
plasma EBV DNA for KL-A167 treatment, and demon-
strated post-treatment EBV DNA decrease might be cor-
related with better response to KL-A167.

Implications of all the available evidence

Outcomes for R/M NPC patients are poor, and there are
limited therapeutic options. This study contributes to
providing evidence on the benefits of anti-PD-L1 ther-
apy in R/M NPC. KL-A167 may potentially become a
new therapeutic option for patients with R/M NPC
whose disease has progressed after platinum-based
chemotherapy. The findings of this study suggest
plasma EBV DNA might be a potentially useful bio-
marker for predicting clinical efficacy of KL-A167
treatment.
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heterogeneous and generally remain disappointing.
Chemotherapy with platinum-based doublets remains
the standard of care in the first-line setting for patients
with disseminated disease, yielding a median overall
survival (OS) of 11 to 28 months.7−9 However, there is
no accepted standard treatment option for patients with
R/M NPC who have failed the first-line treatment.

EBV-associated NPC is characterized by high pro-
grammed cell death-ligand 1 (PD--L1) expression
(expressed in up to 90% of NPC) and a tumor stroma
that is densely infiltrated by immune cells.10−13 These
characteristics of NPC render it potentially susceptible
to programmed cell death (PD-1)/PD-L1 blockade. Sev-
eral phase 1 trials or phase 2 trials evaluated anti-PD-1
monoclonal antibodies in pre-treated R/M NPC, and
reported objective response rates (ORR) ranging from
20.5% to 34%, indicating promising clinical efficacy of
PD-1 inhibitors.14−18 PD-L1 inhibitors, which directly
blocks the PD-L1 and PD-1 interaction but leaves the
binding of PD-L2 and PD-1 intact, have a mechanism of
action distinct from PD-1 inhibitors.11,19,20 In contrast to
anti-PD-1 therapy, data on the potential benefits of PD-
L1 inhibitors for NPC are very limited. An unpublished
phase 1 trial (NCT02825940) including 20 Chinese
patients with pre-treated NPC reported an ORR of 10%
and disease control rate (DCR) of 65% for atezolizumab
treatment.21 Therefore, the therapeutic value of PD-L1
inhibitors for NPC remains to be fully established.

KL-A167, manufactured by Sichuan Kelun-Biotech
Biopharmaceutical Co., Ltd (Chengdu, China), is a fully
humanized IgG1k monoclonal antibody targeting PD-L1
that selectively blocks the interaction of PD-L1 and PD-1.
On the basis of the phase 1 study of KL-A167 in lym-
phoma and solid tumors (data unpublished), the dose
of 900 mg every 2 weeks was selected as recommended.
Herein, we reported the results of this multicentre, sin-
gle-arm, phase 2 pivotal study evaluating the efficacy
and safety of KL-A167 in Chinese patients with previ-
ously treated R/M NPC. Additionally, associations
between efficacy and baseline PD-L1 expression, as well
as soluble PD-L1 (sPD-L1), baseline and dynamic plasma
EBV DNA were explored.
Methods

Study design and participants
This was an open-label, multicentre, single-arm, phase
2 study of KL-A167 in patients with R/M NPC (KL167-
2-05-CTP), conducted at 42 hospitals across the People’s
Republic of China. Eligible patients had histologically
confirmed non-keratinising NPC that was recurrent or
metastatic. All patients were required to have stage IVb
(defined by the eighth edition of the American Joint
Committee on Cancer / International Union Against
Cancer staging system for NPC) R/M NPC which had
failed at least two lines of chemotherapy, and the first-
3
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line chemotherapy must include platinum-based regi-
mens. Other key eligibility criteria included age ≥
18 years, an Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 0−1, at least one
measurable lesion assessed by Response Evaluation Cri-
teria in Solid Tumors version 1.1 (RECIST v1.1), an esti-
mated life expectancy ≥ 12 weeks, and adequate organ
functions.

Patients who had previously received anti-PD-1, anti-
PD-L1, anti-PD-L2, and/or anti-cytotoxic T-lymphocyte
antigen antibody, chimeric antigen receptor T-cell
immunotherapy, or any other agents targeting T-cell co-
stimulation or checkpoint pathways were excluded.
Other exclusion criteria included antitumor antibody
therapy within 12 weeks and any other antitumor thera-
pies within 4 weeks before the first dose of KL-A167,
central nervous system metastases, any active autoim-
mune disease or history of autoimmune disease, active
infection, and conditions requiring systemic treatment
with either corticosteroids (>10 mg daily prednisone
equivalent) or other immunosuppressive medications
within 14 days of the first dose of KL-A167. The com-
plete eligibility and exclusion criteria are provided in the
protocol displayed in the Supplementary Material.

This study was conducted in accordance with the
declaration of Helsinki and International Council for
Harmonisation guidelines for Good Clinical Practice.
The study protocol was approved by the independent
ethics committee at each participating site. All patients
provided written informed consent to participate before
enrollment.
Procedures
Patients received KL-A167 treatment at the dose of
900 mg intravenously once every 2 weeks until con-
firmed disease progression, intolerable toxicity, or with-
drawal of informed consent (whichever occurred first).
Progressive disease (PD) could be confirmed by repeat
assessments 4 weeks or more after response criteria
were first met, at the discretion of the investigator. For
patients who discontinued treatment due to other rea-
sons except for documented disease progression, tumor
assessments continued until documented disease pro-
gression, start of a new antitumor treatment, loss to fol-
low-up or death. Dose reductions of KL-A167 were not
allowed. Treatment with KL-A167 was discontinued if
adverse events (AEs) failed to resolve to grade 0-1 within
12 weeks after the last dose.

All patients underwent tumor assessments at base-
line, including computed tomography or magnetic reso-
nance imaging of the nasopharyngeal, head, neck,
chest, abdomen and pelvis. Response assessments were
performed every 6 weeks for the first 24 months, and
then could be performed every 12 weeks thereafter until
disease progression, irrespective of treatment discontin-
uation. AEs were assessed at screening, continuously
during treatment and for 30 days after completion of
the withdrawal visit, and graded according to the
National Cancer Institute Common Terminology Crite-
ria for Adverse Events version 5.0. Immune-related
adverse events (irAEs) were also reported and graded
according to the National Comprehensive Cancer Net-
work guideline for Management of Immunotherapy-
Related Toxicities, Version 1.2020.22 Patients were fol-
lowed up for survival throughout the treatment, and
then every 30 days after completion of the safety follow-
up visit.

Baseline biopsy specimens were obtained for explor-
atory biomarker analysis. Blood samples were collected
for exploratory biomarker assessment at baseline, the
time of each efficacy assessment, and the withdrawal
visit.
Outcomes
The primary endpoint was ORR assessed by indepen-
dent review committee (IRC) according to RECIST v1.1,
defined as the proportion of patients who achieved con-
firmed complete response (CR) and partial response
(PR). Secondary endpoints included investigator-
assessed ORR per RECIST v1.1 and Immune-related
Response Evaluation Criteria In Solid Tumors version
1.1 (irRECIST v1.1). Other secondary endpoints included
DCR (defined as the proportion of patients who
achieved CR, PR and stable disease [SD]), progression-
free survival (PFS) (defined as the time from first KL-
A167 dose to disease progression or death from any
cause), duration of response (DOR) (defined as the time
from the first documented CR and PR to the first docu-
mented disease progression), time to response (TTR)
(defined as the time from first KL-A167 dose to the first
documented CR and PR), OS (defined as the time from
first KL-A167 dose to death from any cause), and safety.

Exploratory endpoints included associations between
efficacy and PD-L1 expression, as well as sPD-L1 and
plasma EBV DNA. PD-L1 expression was detected by
immunohistochemistry (IHC) staining with SAB-028
antibody. PD-L1 positive expression was defined as
membranous straining on ≥ 1% of tumor cells. sPD-L1
concentration was determined by enzyme-linked immu-
nosorbent assay (ELISA). Plasma EBV DNA was mea-
sured by fluorescent quantitative polymerase chain
reaction (PCR) at a central laboratory.
Statistical analysis
In the study protocol version 1.0 and version 1.1, the
sample size of this study was estimated on the assump-
tion that ORR to KL-A167 should be 26%, and the lower
limit of 95% confidence interval (CI) of ORR was no
less than 15% based on the Clopper-Pearson method.
Considering a dropout rate of 20%, a total of 112
patients would be enrolled. However, the study protocol
www.thelancet.com Vol 31 February, 2023
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(Version 2.0 and Version 3.0) was amended to adjust
the sample size based on the following assumptions,
which obtained the consent from the Center for Drug
Evaluation (CDE), National Medical Product Adminis-
tration (NMPA) of China. A planned sample size of 139
provided approximately 90% power, with a two-sided a

level of 0.05, to detect that the lower limit of 95% CI of
ORR was no less than 15%, assuming an expected ORR
of 26% for KL-A167 in R/M NPC. Considering a possi-
ble dropout rate of 10%, a sample size of 153 was
required.

The intention-to treat (ITT) sample was defined as all
patients enrolled in this study. Full analysis set (FAS)
was defined as patients who received at least one dose of
KL-A167 in the original protocol, but in the updated sta-
tistical analysis plan, it was amended to be defined as
patients who received at least one dose of KL-A167, and
must have failed at least two lines of prior therapy
including the first-line platinum-containing therapy.
Efficacy analyses were performed in FAS and the ITT
sample. Safety was evaluated in safety set (SS) defined
as all patients who received at least one dose of KL-A167
and had evaluable safety data. ORR and DCR with their
two-sided exact 95% CIs were calculated with the Clop-
per-Pearson method. Median values and corresponding
95% CIs of PFS, OS, DOR and TTR were estimated
using the Kaplan-Meier method. In exploratory bio-
marker analyses, categorical variables between groups
were compared with Chi square test, and continuous
variables were assessed using t-tests. All statistical anal-
yses were done with SAS, version 9.4. This study is reg-
istered with ClinicalTrials.gov (NCT03848286).
Role of the funding resource
This study was designed by the sponsor and the princi-
pal investigator (Yuankai Shi). The sponsor provided
funding and organizational support and had a role in
data collection, data analysis, data interpretation and
medical writing. All the authors had access to the raw
data, reviewed and approved the final version of this
article for submission. The corresponding author
(Yuankai Shi) had the final responsibility for decisions
related to the submission of these results for publica-
tion.
Results

Patient baseline characteristics
Between Feb 26th, 2019 and Jan 13th, 2021, 231 patients
were screened for eligibility across 42 hospitals in the
People’s Republic of China; 153 patients received at least
one dose of KL-A167 (Supplementary Table S1). All 153
patients were included in the ITT sample and SS, and
132 patients entered FAS (Figure 1). The data cutoff date
was Jul 13th, 2021. Median follow-up time was 21.7
www.thelancet.com Vol 31 February, 2023
months (95%CI 19.8−22.5) for FAS, and 21.7 months
(95%CI 20.0−22.5) for the ITT sample.

Baseline characteristics of patients in FAS are shown
in Table 1. The median age was 49 years (range 26−
68), and 109 (82.6%) of 132 patients were male. All
patients had received at least 2 prior lines of chemother-
apy, and 42 (31.8%) of 132 patients had received at least
three lines of chemotherapy. All 132 patients had non-
keratinising NPC, of which 84 (63.6%) patients were
undifferentiated nonkeratinising, and 21 (15.9%) were
differentiated nonkeratinising. At study entry, 58
(43.9%) of 132 patients had liver metastases. For the
ITT sample, 98 (64.1%) patients were undifferentiated
nonkeratinising, and 71 (46.4%) had liver metastases.
Data on previous chemotherapy drugs used for
advanced disease were shown in Supplementary Table
S2. Detailed baseline characteristics of the ITT sample
are also presented in Table 1.
Efficacy
As of data cutoff date on Jul 13th, 2021, of 153 patients,
89 (58.2%) deaths were observed, 13 (8.5%) patients
remained on KL-A167 treatment, and 140 (91.5%)
patients discontinued treatment. The major reasons for
treatment discontinuation were PD (n=102), patient
decision (n=17) and AEs (n=8). Patients received a
median of 9 cycles (range 1−52) of KL-A167, with a
median duration of exposure to KL-A167 of 4.1 months
(range 0.5−24.3). Of 153 patients, 58 (37.9%) patients
received KL-A167 treatment for ≥ 6 months and 27
(17.6%) patients were treated for ≥ 12 months.

The IRC-assessed and investigator-assessed efficacy
data for FAS and the ITT sample are presented in
Table 2, with similar efficacy between FAS and the ITT
sample. Of 132 patients in FAS, 35 (26.5% [95%CI
19.2−34.9%]) patients achieved an objective response
assessed by IRC according to RECIST v1.1, with one
(0.8%) patient achieving CR and 34 (25.8%) patients
having PR (Table 2). IRC-assessed DCR was 56.8% (75/
132, 95%CI 47.9−65.4%). Decrease in target lesion size
was observed in 58 (37.9%) patients (Figure 2A). For
patients in FAS, investigator-assessed ORR per RECIST
v1.1 was 24.2% (32/132, 95%CI 17.2−32.5%), and inves-
tigator-assessed DCR was 54.5% (72/132, 95%CI 45.7−
63.2%) (Table 2). The changes in target lesion size
assessed by investigator for FAS are shown in Supple-
mentary Figure S1A.

Of FAS, median TTR assessed by IRC was 2.7
months (95%CI 1.4−2.8). The IRC-assessed median
PFS was 2.8 months (95%CI 1.5−4.1), with 12-month
PFS rate of 19.2% (12.5−27.0%) (Figure 3A). Response
for the 35 patients with CR or PR was durable, with
median DOR of 12.4 months (95%CI 6.8−16.5)
(Figure 2B and Figure 3B). Assessed by investigator,
median TTR was 2.7 months (95%CI 1.4−2.8), median
PFS was 2.8 months (95%CI 1.4−4.2), and median
5



Figure 1. Trial profiles.
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DOR was 9.6 months (95%CI 6.8−13.8), (Table 2, Sup-
plementary Figure S1B and Figure S2). Median OS was
16.2 months (95%CI 13.4−21.3), with 12-month OS rate
of 60.5% (95%CI 51.3−68.6%) and 24-month OS rate
of 39.1% (95%CI 29.7−48.4%) (Supplementary Figure
S3).

Post hoc, subgroup analyses of efficacy according to
patient baseline characteristics were conducted in FAS.
Objective responses were observed across all subgroups
including subsets with poor prognosis. The IRC-
assessed ORR for patients with liver metastases was
17.2% (8.6−29.4%), and ORR for patients with time
interval since last systemic therapy ≤ 3 months was
25.2% (17.2−34.8%) (Supplementary Table S3).

Supplementary Table S4 summarizes the efficacy
assessed by investigator according to irRECIST v1.1. For
FAS, the ORR was 24.2% (95%CI 17.2−32.5%), with
one (0.8%) patient achieving immune-related CR and
31 (23.5%) having immune-related PR. Disease control
was achieved in 75 (56.8% [95%CI 47.9−65.4]) patients.
Median TTR was 2.7 months (95%CI 1.4−2.8), and
median PFS was 2.8 months (95%CI 1.4−4.2). Median
DOR was 9.6 months (95%CI 6.8−13.8), with the 12-
month DOR rate of 42.4% (95%CI 24.5−59.2%). The
efficacy assessed by investigator according to irRECIST
v1.1 for the ITT sample were similar to those for FAS
(Supplementary Table S4).
Safety
Among 153 patients in SS, 147 (96.1%) experienced at
least one treatment-emergent adverse events (TEAEs),
with 65 (42.5%) patients having grade ≥ 3 TEAEs (Sup-
plementary Table S5). Treatment related-adverse event
(TRAEs) of any grade occurred in 112 (73.2%) patients,
and grade ≥ 3 TRAEs occurred in 23 (15.0%) patients.
The most common (≥ 5%) TRAEs of any grade included
hypothyroidism (n = 36, 23.5%), anemia (n = 20, 13.1%),
white blood cell count decrease (n = 16, 10.5%), aspar-
tate aminotransferase (AST) increase (n = 14, 9.2%),
www.thelancet.com Vol 31 February, 2023



Characteristic FAS (n=132) ITT (n=153)
N (%) N (%)

Age, years

Median (range) 49.0 (26.0−68.0) 49.0 (20.0−68.0)

<65 126 (95.5) 147 (96.1)

≥65 6 (4.5) 6 (3.9)

Gender

Male 109 (82.6) 125 (81.7)

Female 23 (17.4) 28 (18.3)

ECOG PS

0 52 (39.4) 59 (38.6)

1 80 (60.6) 94 (61.4)

Smoking history

Non-smoker 87 (65.9) 98 (64.1)

Current or former smoker 45 (34.1) 55 (35.9)

Prior radiotherapy

Yes 126 (95.5) 146 (95.4)

No 6 (4.5) 7 (4.6)

Prior radical chemoradiotherapy

Yes 100 (75.8) 117 (76.5)

No 32 (24.2) 36 (23.5)

Number of prior lines of chemotherapy

1 NA 15 (9.8)

2 90 (68.2) 92 (60.1)

3 or more 42 (31.8) 43 (28.1)

Unknown NA 3 (2.0)

Histology (WHO)

Undifferentiated nonkeratinising 84 (63.6) 98 (64.1)

Differentiated nonkeratinising 21 (15.9) 24 (15.7)

Nonkeratinising (differentiation unknown) 27 (20.5) 31 (20.3)

Liver metastases

Yes 58 (43.9) 71 (46.4)

No 74 (56.1) 82 (53.6)

Time since initial diagnosis, months

Median (range) 33.1 (0.9−212.4) 33.1 (0.2−212.4)

<36 72 (54.5) 85 (55.6)

≥36 60 (45.5) 68 (44.4)

Time since last systemic therapy, months

Median (range) 1.7 (0.03−16) 1.7 (0.03−16)

≤3 103 (78.0) 119 (77.8)

3-6 18 (13.6) 21 (13.7)

>6 11 (8.3) 13 (8.5)

The number of involved sites

<3 74 (56.1) 84 (54.9)

≥3 58 (43.9) 69 (45.1)

The number of lesions

<5 24 (18.2) 25 (16.3)

≥5 108 (81.8) 128 (83.7)

Table 1: Patient characteristics in FAS and the ITT sample.
Abbreviation: ECOG, Eastern Cooperative Oncology Group; PS, performance status; NA, not applicable; WHO, World Health Organization.

Articles
alanine aminotransferase (ALT) increase (n = 13, 8.5%),
fever (n = 11, 7.2%), hypoalbuminemia (n = 10, 6.5%),
thrombocytopenia (n = 10, 6.5%), weight decreased
www.thelancet.com Vol 31 February, 2023
(n = 9, 5.9%), fatigue (n = 9, 5.9%), blood creatine phos-
phokinase increased (n = 8, 5.2%), g-glutamyltransfer-
ase (g-GGT) elevation (n = 8, 5.2%) and proteinuria
7



Response FAS (n=132) ITT (n=153)

IRC-assessed Investigator-assessed IRC-assessed Investigator-assessed

CR, n (%) 1 (0.8) 1 (0.8) 1 (0.7) 1 (0.7)

PR, n (%) 34 (25.8) 31 (23.5) 35 (22.9) 32 (20.9)

SD, n (%) 40 (30.3) 40 (30.3) 46 (30.1) 46 (30.1)

PD, n (%) 51 (38.6) 54 (40.9) 64 (41.8) 67 (43.8)

NE, n (%) 6 (4.5) 6 (4.5) 7 (4.6) 7 (4.6)

ORR, n (% [95% CI]) 35 (26.5 [19.2−34.9]) 32 (24.2 [17.2−32.5]) 36 (23.5 [17.1−31.1]) 33 (21.6 [15.3−28.9])

DCR, n (% [95% CI]) 75 (56.8 [47.9−65.4]) 72 (54.5 [45.7−63.2]) 82 (53.6 [45.4−61.7]) 79 (51.6 [43.4−59.8])

Median TTR, months (95%CI) 2.7 (1.4−2.8) 2.7 (1.4−2.8) 2.7 (1.4−2.8) 2.7 (1.4−2.8)

DOR

Events, n (%) 20 (57.1)* 25 (78.1)* 21 (58.3)* 26 (78.8)*

Median, months (95%CI) 12.4 (6.8−16.5) 9.6 (6.8−13.8) 12.4 (6.8−16.5) 9.6 (6.8−13.8)

12 months, % (95%CI) 52.1 (33.5−67.8) 42.4 (24.5−59.2) 50.5 (32.3−66.1) 40.9 (23.5−57.5)

PFS

Events, n (%) 106 (80.3) 115 (87.1) 126 (82.4) 136 (88.9)

Median, months (95%CI) 2.8 (1.5−4.1) 2.8 (1.4−4.2) 2.7 (1.4−4.0) 2.7 (1.4−4.1)

12 months, % (95%CI) 19.2 (12.5−27.0) 17.2 (11.0−24.6) 16.6 (10.8−23.5) 14.7 (9.4−21.2)

Table 2: Response assessed in FAS and the ITT sample according to RECIST v1.1.
*The percent was calculated based on the number of patients achieving CR or PR as denominator.

Abbreviation: FAS, full analysis set; ITT, intention-to-treat; IRC, Independent Review Committee; RECIST, Response Evaluation Criteria in Solid Tumors; CR,

complete response; PR, partial response, SD, stable disease; PD, progressive disease; NE, not evaluable; ORR, objective response rate; DCR, disease control

rate; TTR, time to response; DOR, duration of response; PFS, progression-free survival; CI, confidence interval.
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(n = 8, 5.2%). The most common grade ≥ 3 TRAEs were
anemia (n = 7, 4.6%), g-GGT elevation (n = 4, 2.6%),
white blood cell count decrease (n = 2, 1.3%), AST
increase (n = 2, 1.3%), and thrombocytopenia (n = 2,
1.3%). Detailed TRAEs are listed in Table 3.

Ten patients (6.5%) had serious TRAEs. TRAEs lead-
ing to treatment interruption occurred in 27 (17.6%)
patients. A total of 4 (2.6%) patients experienced TRAEs
leading to treatment discontinuation including diabetes,
bacterial infection of lower respiratory tract, fungal
infection of lower respiratory tract, AST increase, radia-
tion-induced brain injury, and immune mediated myo-
carditis. No TRAE leading to death was reported
(Supplementary Table S5).

The irAEs of any grade were reported in 31 (20.3%)
patients, and the incidence of grade ≥ 3 irAEs was 3.9%.
No grade 4 or 5 irAE was observed. The most frequently
reported irAEs of any grade were hypothyroidism (n = 20,
13.1%), hyperthyroidism (n = 3, 2.0%), thyroxine decrease
(n = 2, 1.3%), thyroid stimulating hormone increase
(n = 2, 1.3%) and platelet count decrease (n = 2, 1.3%). The
grade ≥ 3 irAEs included platelet count decrease (n = 2,
1.3%), diabetes (n = 1, 0.7%), immunemediated myocardi-
tis (n = 1, 0.7%), lymphocyte count decrease (n = 1, 0.7%),
and g-GGT elevation (n = 1, 0.7%). Detailed irAEs are
summarized in Supplementary Table S6.
Biomarker analysis
Among 132 patients in FAS, 110 (83.3%) were PD-L1
positive, 17 (12.9%) were PD-L1 negative and the status
of PD-L1 expression for 5 (3.8%) patients was unknown.
There was no statistically significant difference between
PD-L1 positive patients and PD-L1 negative patients
regarding ORR, DCR, PFS and OS (Supplementary
Table S7). In total, 131 of 132 (99.2%) patients had base-
line sPD-L1 data. There was no significant association
between baseline sPD-L1 concentration and tumor
response (P = 0.504) and disease control (P = 0.108)
(Supplementary Table S8).

Data on baseline plasma EBV DNA copy number
was available in 131 of 132 (99.2%) patients. Patients
with baseline plasma EBV DNA < 1000 copies/ml
(n = 51) tended to have a better ORR than those with
EBV DNA ≥ 1000 copies/ml (n = 80) (35.3% vs 21.3%,
P = 0.077). Patients with baseline plasma EBV DNA <
1000 copies/ml showed a better DCR (72.5% vs 47.5%,
P = 0.005), median PFS (6.9 months vs 1.5 months,
P = 0.012) and median OS (25.0 months vs 13.5 months,
P<0.001) than patients with EBV DNA ≥
1000 copies/ml. When using the cutoff of
5000 copies/ml and 10,000 copies/ml for plasma EBV
DNA titer, better DCR and OS were observed in patients
with EBV DNA < 5000 copies/ml; better DCR, PFS and
OS were shown in those with EBV DNA <
10,000 copies/ml (Supplementary Table S9).

The results of dynamic plasma EBV DNA were avail-
able for 123 of 132 (93.2%) patients. The associations of
the maximum change of plasma EBV DNA from base-
line to post-treatment with efficacy were analyzed (Sup-
plementary Table S10). Patients with no plasma EBV
DNA increase after treatment (n = 32) had a
www.thelancet.com Vol 31 February, 2023



Figure 2. Tumor response per IRC according to RECIST v1.1. (A) Best change in sum of target lesion diameter from baseline for
patients in FAS (n=132). (B) Spider plot of change in tumor size over time from baseline for patients in FAS (n=132). The blue line
represents CR; red line represents PR; gold line represents SD; green line represents PD. The red dashed horizontal line represents
20% tumor increase, and the green dashed horizontal line represents 30% tumor reduction. Note: In Figure 2A, among 132 patients
in the FAS, six patients terminated the study before performing efficacy assessment, and one patient did not have measurable tar-
get lesion at baseline assessed by IRC. Additionally, among the remaining 125 patients, the best change in sum of longest target
lesion diameter from baseline was 0% for one patient. Therefore, a total of 124 bars for 124 patients are displayed in the waterfall
plot. IRC, independent review committee; RECIST v1.1, Response Evaluation Criteria in Solid Tumors version 1.1; FAS, full analysis set;
CR, complete response; PR, partial response, SD, stable disease; PD, progressive disease; NE, not evaluable.

Articles
significantly higher ORR (50.0% vs 20.9%, P = 0.002),
and a longer median PFS (5.5 months vs 2.8 months,
P = 0.021) than those with plasma EBV DNA increase
(n = 91). No significant association between the
www.thelancet.com Vol 31 February, 2023
maximum change of plasma EBV DNA from baseline
to post-treatment and DCR was observed. Furthermore,
patients with >50% EBV DNA decrease after treatment
(n = 13) had a significantly better ORR (53.8% vs 36.8%
9



Figure 3. Kaplan-Meier estimates of PFS and DOR per IRC according to RECIST v1.1. (A) PFS for patients in FAS (n=132). (B) DOR for
patients who responded in FAS (n=35). PFS, progression-free survival; DOR, duration of response; IRC, independent review commit-
tee; RECIST v1.1, Response Evaluation Criteria in Solid Tumors version 1.1; FAS, full analysis set
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vs 19.4%, P = 0.016) than patients with ≤50% EBV
DNA decrease but ≤100% increase after treatment
(n = 38), and those with >100% EBV DNA increase after
treatment (n = 72) (Supplementary Table S10).
Discussion
Outcomes for patients with R/M NPC are poor, and
there are limited therapeutic options, despite the appro-
vals of PD-1 inhibitors for the treatment of this patient
population.14−17,23 To the best of our knowledge, this
study is the first published and largest report evaluating
the efficacy and safety of a PD-L1 inhibitor in previously
treated R/M NPC. In this study, KL-A167 monotherapy
showed promising efficacy and a manageable safety pro-
file in patients with previously treated R/M NPC.

Chemotherapy with single agent, including gemcita-
bine, capecitabine and docetaxel, severs as a suitable sec-
ond-line treatment option for R/M NPC patients who
were previously treated with platinum-based chemo-
therapy, with reported ORRs of 23.5−48% and median
OS of 7.6−12.8 months.24−26 Several clinical trials have
evaluated anti-PD-1 therapies in R/M NPC, wherein
anti-PD-1 antibodies demonstrated promising clinical
efficacy and safety profile.14-18,23 In a phase 1 trial enroll-
ing 91 Chinese pretreated patients with R/M NPC, cam-
relizumab monotherapy exhibited an ORR of 34% and
DCR of 59%.16 In the phase 2 study of camrelizumab
www.thelancet.com Vol 31 February, 2023



TRAEs Any grade Grade 1 Grade 2 Grade ≥ 3

Hypothyroidism 36 (23.5) 14 (9.2) 22 (14.4) 0 (0)

Anemia 20 (13.1) 8 (5.2) 5 (3.3) 7 (4.6)

White blood cell count decrease 16 (10.5) 7 (4.6) 7 (4.6) 2(1.3)

Aspartate aminotransferase increase 14 (9.2) 10 (6.5) 2 (1.3) 2 (1.3)

Alanine aminotransferase increase 13 (8.5) 11 (7.2) 2 (1.3) 0 (0)

Pyrexia 11 (7.2) 9 (5.9) 2 (1.3) 0 (0)

Hypoalbuminemia 10 (6.5) 9 (5.9) 1 (0.7) 0 (0)

Thrombocytopenia 10 (6.5) 4 (2.6) 4 (2.6) 2(1.3)

Weight decrease 9 (5.9) 5 (3.3) 4 (2.6) 0 (0)

Fatigue 9 (5.9) 7 (4.6) 1 (0.7) 1 (0.7)

Blood creatine phosphokinase increase 8 (5.2) 6 (3.9) 2 (1.3) 0 (0)

g-glutamyltransferase elevation 8 (5.2) 2 (1.3) 2 (1.3) 4(2.6)

Proteinuria 8 (5.2) 6 (3.9) 2 (1.3) 0 (0)

a-hydroxybutyrate dehydrogenase elevation 5 (3.3) 2 (1.3) 2 (1.3) 1 (0.7)

Lymphocyte count decrease 5 (3.3) 0 (0) 4 (2.6) 1 (0.7)

Chest discomfort 3 (2.0) 2 (1.3) 0 (0) 1 (0.7)

Troponin I elevation 4 (2.6) 1 (0.7) 2 (1.3) 1 (0.7)

Creatine phosphokinase-MB elevation 4 (2.6) 3 (2.0) 0 (0) 1 (0.7)

Alkaline phosphatase increase 4 (2.6) 0 (0) 3 (2.0) 1 (0.7)

Bone marrow failure 3 (2.0) 2 (1.3) 0 (0) 1 (0.7)

Diarrhea 3 (2.0) 2 (1.3) 0 (0) 1 (0.7)

Conjugated bilirubin elevation 3 (2.0) 0 (0) 2 (1.3) 1 (0.7)

Hyperuricemia 2 (1.3) 1 (0.7) 0 (0) 1 (0.7)

Pneumonia 2 (1.3) 1 (0.7) 0 (0) 1 (0.7)

Dyspnea 2 (1.3) 1 (0.7) 0 (0) 1 (0.7)

Diabetes 1 (0.7) 0 (0) 0 (0) 1 (0.7)

Upper gastrointestinal perforation 1 (0.7) 0 (0) 0 (0) 1 (0.7)

Immune mediated myocarditis 1 (0.7) 0 (0) 0 (0) 1 (0.7)

Bacterial infection of lower respiratory tract 1 (0.7) 0 (0) 0 (0) 1 (0.7)

Fungal infection of lower respiratory tract 1 (0.7) 0 (0) 0 (0) 1 (0.7)

Fasciitis 1 (0.7) 0 (0) 0 (0) 1 (0.7)

Radiation-induced brain injury 1 (0.7) 0 (0) 0 (0) 1 (0.7)

Table 3: TRAEs in SS (n=153).
Abbreviation: TRAEs, treatment-related adverse events; SS, safety set.

Note: Data are n (%). TRAEs of any grade were reported in at least 5% of patients, or all the grade ≥3 TRAEs were reported. No grade 5 TRAE was observed.
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(CAPTAIN study) including 156 Chinese patients with
previously treated R/M NPC, the IRC-assessed ORR
was 28.2% and DCR was 54.5%.18 The POLARIS-02
study evaluated toripalimab in 190 previously treated R/
M NPC, and reported an ORR of 20.5% and DCR of
40.0%.17 For 92 patients who failed at least two lines of
systemic chemotherapy, toripalimab resulted in an
ORR of 23.9% and DCR of 41.3%.17 Our study evaluated
the efficacy and safety of a PD-L1 inhibitor for the first
time. In our study, all 132 patients in FAS had failed at
least two lines of chemotherapy, and had nonkeratinis-
ing NPC. Partly distinct from our study, the POLARIS-
02 study enrolled 51.6% (98/190) of patients who had
only one prior line of systemic chemotherapy, and a
small proportion of patients (4.2%) with keratinising
NPC.17 It remains unclear whether there was a signifi-
cant association between histological subtypes and
www.thelancet.com Vol 31 February, 2023
clinical efficacy of anti-PD-1 or anti-PD-L1 therapies.
Despite these differences, the efficacy with KL-A167 in
our study were comparable with that reported with PD-1
inhibitors,14−18 with an IRC-assessed ORR of 26.5%
and DCR of 56.8% for patients in FAS. There was a
high degree of agreement between efficacy assessed
by IRC and that assessed by investigator, both in FAS
and the ITT sample. The similar response rates
assessed by investigator per irRECIST further supported
the promising efficacy of KL-A167 in previously treated
R/M NPC. Additionally, comparable to PD-1 inhibi-
tors,14−17,23 the median DOR per IRC of KL-A167 was
12.4 months, indicating that patients could achieve
durable benefit from KL-A167.

In addition to inhibiting the binding of PD-L1 to PD-
1, PD-L1 inhibitors provide the advantage of blocking
the PD-L1 and B7.1 (also called CD80) binding,
11
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therefore further enhancing anticancer immunity.27,28

In contrast to targeting PD-1, targeting PD-L1 may not
inhibit T-cell responses through the PD-1/PD-L2 axis.
However, PD-L2 expression, only in a tiny minority of
human tumors, is far less prevalent than PD-L1, and
anti-PD-L2 blockade had a much weaker antitumor
effect compared with anti-PD-L1 blockade.19 Moreover,
direct targeting of PD-L1 leaves the PD-L2 and PD-1
interaction intact, which could reduce the likelihood of
developing autoimmune adverse events.19,20 Unlike
PD-1 studies, data on the potential benefits of PD-L1
inhibitors are limited in NPC. Previously, a phase 1a
trial, which evaluated atezolizumab in 32 previously
treated, advanced head and neck cancer patients includ-
ing four patients with R/M NPC, reported an ORR of
22% and median DOR of 7.4 months.29 Another
unpublished phase 1 trial (NCT02825940) evaluated
the clinical benefit of atezolizumab in patients with
locally advanced or metastatic solid tumors who had
exhausted all available standard treatment options. In
that study, only 20 Chinese NPC patients were enrolled,
and the ORR was 10% and DCR was 65%.21 Our study,
with a much larger series of R/M NPC patients, sug-
gested the promising efficacy of KL-A167, which con-
tributes to providing evidence on the benefits of anti-
PD-L1 therapy in R/M NPC.

Adverse events of KL-A167 were mainly grade 1 or 2
in our study, and could be manageable with standard
clinical practice. Although direct comparison between
studies is not possible, the safety profile of KL-A167 was
generally consistent with that observed in other PD-1 or
PD-L1 inhibitors.14−18,21,23,29 No new safety signals for
KL-A167 were noted. Common TRAEs for KL-A167
included hypothyroidism, anemia, and white blood cell
count decrease, which were generally grade 1 or 2. The
discontinuation rate of KL-A167 as a result of TRAEs
was low (2.6%), and no TRAE leading to death
occurred. Of note, rash, which was frequently observed
with pembrolizumab (25.9%),14 camrelizumab
(16.0%),16 toripalimab (6.3%) 17 and atezolizumab
(16.0%),29 occurred at a much lower frequency (2.6%)
for KL-A167. Additionally, the incidence of specific
irAEs was low. Taken together, KL-A167 monotherapy
has a manageable safety profile in patients with previ-
ously treated R/M NPC.

To date, robust predictive biomarkers for treatment
responses of anti-PD-1 or PD-L1 therapy have not been
well established in NPC. Previous evidence has supports
the correlation between PD-L1 expression in tumor cells
or tumor-infiltrating immune cells and clinical out-
comes to immune checkpoint inhibitor therapy in vari-
ous cancers, however, the predictive role of PD-L1
expression in NPC needs to be defined. Consistent with
previous studies of PD-1 inhibitors in NPC,15−18 there
was no significant association between PD-L1 expres-
sion and clinical efficacy of KL-A167 therapy in our
study. Besides, no obvious association between baseline
sPD-L1 concentration and tumor response was observed
in our study. The differences in PD-L1 IHC assays and
cutoffs may limit the use of PD-L1 as a robust biomarker
in NPC.

The role of plasma EBV DNA as a clinically useful
biomarker in the detection, monitoring, prognostica-
tion, guiding adjuvant or induction chemotherapy, and
surveillance for NPC has been well defined.5,30,31 How-
ever, the value of plasma EBV DNA in predicting
response to anti-PD-1 or PD-L1 therapy in NPC has
been less investigated. In POLARIS-02 study, patients
with baseline EBV titer ≤ 10,000 IU/mL showed
numerically higher ORR than those with EBV DNA titer
>10,000 IU/mL (54.5% vs 39.5%, P = 0.088). Besides,
there was a significant correlation between an early
decrease in plasma EBV DNA copy number and favor-
able response.17 In CAPTAIN study, patients with nega-
tive EBV DNA level at baseline had higher ORR (41.0%
vs 23.9%) and longer median PFS (6.0 vs 2.7 months)
than those with positive EBV DNA level, and patients
with ≥ 50% EBV DNA level decrease showed better
ORR and PFS than those with < 50% decrease.18 Our
study evaluated potential correlations of EBV DNA sta-
tus with clinical outcomes of a PD-L1 inhibitor in R/M
NPC for the first time. In our study, baseline plasma
EBV DNA < 1000 copies/ml was associated with better
DCR, PFS and OS, although its correlation with ORR
did not reach statistical significance (P = 0.077). Nota-
bly, when the cutoff values of 5000 copies/ml and
10,000 copies/ml of plasma EBV DNA were used, simi-
lar results were observed. Importantly, our results also
demonstrated the dynamic change of plasma EBV DNA
were significantly associated with ORR and OS of KL-
A167, and post-treatment EBV DNA decrease might be
correlated with better response to KL-A167. Taken
together, baseline and dynamic change of plasma EBV
DNA may be a potentially useful biomarker for predict-
ing efficacy of KL-A167 treatment. More investigations
are needed to further confirm the predictive value of
plasma EBV DNA on response to KL-A167 treatment in
NPC.

Our study has several limitations. First, this study
was single-arm without a control group for comparison.
Another limitation was that all patients enrolled in our
study had a histology of World Health Organization
(WHO) type 2 (non-keratinising NPC). Therefore,
whether our results could be applied to the histology of
the WHO type 1 (keratinising squamous NPC) or type 3
(basaloid squamous NPC) remains unclear. Despite
these limitations, the sample size of our study is large,
increasing the ability to evaluate the clinical benefit of
KL-A167. Of note, the recent KEYNOTE-122 study
(NCT02611960) compared pembrolizumab monother-
apy versus investigator’s choice chemotherapy in 233
patients with platinum-pretreated R/M NPC.32 The pri-
mary endpoint, OS, was not significantly different
between the two arms, with the median OS of 17.2
www.thelancet.com Vol 31 February, 2023
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months (95%CI 11.7−22.9) for pembrolizumab and 15.3
months (95%CI 10.9−18.1) for chemotherapy (HR = 0.90,
95% CI, 0.67−1.19; P = 0.2262).32 Another phase 2 study
compared the efficacy and safety of spartalizumab versus
chemotherapy per investigator’s choice in R/M NPC that
progressed on/after platinum-based chemotherapy.33 The
primary endpoint of median PFS was not met (1.9 months
in the spartalizumab arm versus 6.6months in the chemo-
therapy arm, P = 0.915), whereas median OS and median
DOR were significantly longer with spartalizumab.33

Despite these negative results, the results of our study dem-
onstrate that KL-A167 therapy still had promising efficacy
in R/M NPC that failed at least two lines of chemotherapy
and thus, has a place in the treatment paradigm of R/M
NPC.

In conclusion, in this study, KL-A167 showed promis-
ing efficacy and an acceptable safety profile in patients
with previously treated R/M NPC. Based on the results of
this study, KL-A167 may potentially serve as a new thera-
peutic option for patients with R/M NPC whose disease
has progressed after platinum-based chemotherapy. Base-
line plasma EBVDNA copy number might be a potentially
useful prognostic biomarker for KL-A167 treatment, and
post-treatment EBV DNA decrease might be correlated
with better response to KL-A167. More investigations are
warranted to validate the predictive value of plasma EBV
DNA on response to KL-A167 treatment in NPC. A phase
3 trial comparing KL-A167 combined with cisplatin and
gemcitabine versus placebo combined with cisplatin and
gemcitabine as first-line treatment for R/M NPC is ongo-
ing (NCT05294172).
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