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NPC

on NF-κB112. More recently, LCL growth in vitro has
been impaired by blocking the transactivating function
of EBNA2 using a short-peptide mimic of the RBP-Jκ-
interaction domain of the viral protein113 (FIG. 2).
EBNA1 — the one viral protein that is expressed in all
EBV-positive tumours — is a particularly attractive tar-
get, and a dominant-negative form of the protein that
blocks its genome-maintenance function might have
therapeutic potential114.

the loss of EBV episomes in in vitro models and has
shown some limited clinical efficacy in patients with
EBV-positive AIDS-related CNS lymphoma108,109.

More focused pharmacological approaches aim to
abrogate the functions of individual EBV proteins. In
model systems, LMP1 effector function has been tar-
geted directly, using single-chain antibodies or antisense
RNA approaches110,111, and indirectly, by the genetic or
pharmacological interception of its downstream effects

Box 2 | Role of Epstein–Barr virus in the pathogenesis of nasopharyngeal carcinoma

In both nasopharyngeal carcinoma (NPC) and Epstein–Barr virus (EBV)-positive gastric carcinoma, the tumour cells
carry monoclonal viral genomes, which indicates that EBV infection must have occurred prior to expansion of the
malignant cell clone89. However, the difficulty of detecting EBV-infected epithelial cells in normal nasopharyngeal
biopsies from individuals who are at high risk of developing NPC argues against a pre-existing normal reservoir of
epithelial cell infection from which virus-positive carcinomas arise. Indeed, EBV infection has been detected both by 
in situ hybridization to the EBV-encoded RNAs (EBERs) and by the presence of monoclonal EBV genomes in high-grade
pre-invasive lesions (severe dysplasia and carcinoma in situ) in the nasopharynx, but not in low-grade disease127. Similar
results have been obtained from EBV-positive gastric carcinoma, in which associated normal gastric mucosa, inflamed
mucosa and pre-malignant lesions are EBV-negative98. Multiple genetic changes have been found in NPC, with frequent
deletion of regions on chromosomes 3p, 9p, 11q, 13q and 14q and promoter hypermethylation of specific genes on
chromosomes 3p (RASSF1A and retinoic-acid receptor β2) and 9p (genes that encode INK4A, INK4B, ARF and death-
associated protein kinase)128. Deletions in both 3p and 9p have been identified in low-grade dysplastic lesions and in
normal nasopharyngeal epithelium from individuals who are at high risk of developing NPC in the absence of EBV
infection, indicating that genetic events occur early in the pathogenesis of NPC and that these might cause predisposition
to subsequent EBV infection128. This possibility is supported by in vitro data showing that the stable infection of epithelial
cells by EBV requires an altered, undifferentiated cellular environment129.

The above scheme (see figure; images show stained epithelial sections) has been proposed, in which loss of
heterozygosity (LOH) occurs early in the pathogenesis of NPC, possibly as a result of exposure to environmental
cofactors such as dietary components (such as salted fish). This results in low-grade pre-invasive lesions that, after
additional genetic and epigenetic events, become susceptible to EBV infection. Once cells have become infected, EBV
latent genes provide growth and survival benefits, resulting in the development of NPC. Additional genetic and
epigenetic changes occur after EBV infection. CIS, carcinoma in situ; EDNRB, endothelin receptor B; H/E, staining with
haematoxylin and eosin; TSLC1, tumour suppressor in lung cancer 1.
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Integrated genome analysis and pathways
Correlative genetic alteration analysis identified numerous pairwise
significant findings (Supplementary Information section 7 and Sup-
plementary Fig. 7.1). In particular, co-amplification of 11q13 containing
CCND1, FADD and CTTN and a narrow segment of 11q22 containing
the genes with equal evidence for YAP1 and BIRC2 was further char-
acterized (Supplementary Fig. 7.2). Chromosome 11q22 was focally but
rarely amplified in the absence of co-amplification of 11q13. This novel
finding suggests that the selection pressure for this co-amplification
stems from the interaction of BIRC2 with FADD and the caspase cas-
cade that inhibits cell death. Notably, the vast majority of tumours with
the 11q13 amplification had large deletions in the telomeric region of
11q22, including other genes known to be important in cell death in
cancer such as ATM and CASP1, 4, 5 and 12. Amplification of 11q13
was anti-correlated with CASP8 mutations, suggesting an alternative
function of CASP8 and FADD in cell death/NF-kB activation35.

We investigated whether clinical factors, single gene alterations and
statistically significant pairwise gene correlations (Supplementary
Fig. 7.1 and Supplementary Data 7.1) might segregate previously defined
molecular subtypes and/or anatomic sub-sites (Supplementary Data
5.1–5.4). We confirmed reported gene expression subtypes (atypical
(24%), mesenchymal (27%), basal (31%) and classical (18%)), and
assessed the subtypes for enrichment of somatic alterations32,33 (Sup-
plementary Data 7.1). Notably, TP53 mutation, CDKN2A loss of func-
tion, chromosome 3q amplification, alteration of oxidative stress genes
(KEAP1, NFE2L2 or CUL3), heavy smoking history (Supplementary
Table 1.1) and larynx sub-site co-occurred in most classical subtype tu-
mours (Fig. 4a and Supplementary Information section 7.2), similar to
LUSC5 (Supplementary Figs 5.1 and 5.2). Collectively, these findings
suggest that the NFE2L2 oxidative stress pathway is a tobacco-related
signature across anatomic tumour sites. By contrast, the basal subtype
demonstrated inactivation of NOTCH1 with intact oxidative stress
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Figure 3 | Candidate therapeutic targets and driver oncogenic events. Alteration events for key genes are displayed by sample (n 5 279). TSG, tumour
suppressor gene.
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These methods use a handful of parameters: an average overall mutation
frequency for a cancer type; and a few parameters about the relative
frequencies of different categories of mutations (small insertions/
deletions and transitions versus transversions at CpG dinucleotides,
other C:G base pairs and A:T base pairs). Average values of these
parameters are typically estimated from the samples under study.
Various efforts, by us and others, have recently began to incorporate
sample-specific mutation rates into the analysis3,9.

We proposed that the problem might be due to heterogeneity in the
mutational processes in cancer. Whereas it is obvious that assuming an
average mutation frequency that is too low will lead to spuriously
significant findings, it is less well appreciated that using the correct
average rate but failing to account for heterogeneity in the mutational
process can also lead to incorrect results. To illustrate this point, we
compared two simple scenarios both sharing the same average muta-
tion frequency: (1) a constant frequency of 10 mutations per Mb (10/
Mb) across all genes, versus (2) frequencies of 4/Mb, 8/Mb and 20/Mb
in 25%, 50% and 25% of genes, respectively (Supplementary Fig. 1). If
the second case is analysed under the erroneous assumption of a
constant rate, many of the highly mutable genes will falsely be declared
to be associated with cancer. Notably, the problem grows with sample
size: because the threshold for statistical significance decreases with
sample size, modest deviations due to an erroneous model are declared
significant. For the same reason, the problem is also more pronounced
in tumour types with higher mutation rates. Heterogeneity in mutation
frequencies across patients can also lead to inaccurate results, including
the potential to produce both false-positive, as described earlier, and
false-negative results if the baseline frequency is overestimated.

We therefore set out to study heterogeneity in mutation rates, using
a data set of 3,083 tumour–normal pairs across 27 tumour types, for
which the whole-exome sequence was available for 2,957 and the
whole-genome sequence was available for 126 (Supplementary Table 2).
Approximately 92% of the samples were sequenced at the Broad
Institute and thus were processed using a uniform experimental and
analytical pipeline (see Methods). In this data set, an average of 30 Mb

of coding sequence per sample was covered to adequate depth for
mutation detection, yielding a total of 373,909 non-silent coding muta-
tions or an average of 4.0/Mb per sample (median of 44 non-silent
coding mutations per sample, or 1.5/Mb).

We analysed three types of heterogeneity, with the aim of achieving
more accurate detection of cancer-associated genes. First, we analysed
heterogeneity across patients with a given cancer type. Analysis of the
27 cancer types revealed that the median frequency of non-synonymous
mutations varied by more than 1,000-fold across cancer types (Fig. 1).
About half of the variation in mutation frequencies (measured on a
logarithmic scale) can be explained by tissue type of origin. Paediatric
cancers showed frequencies as low as 0.1/Mb (approximately one
change across the entire exome), whereas at the opposite extreme,
melanoma and lung cancer exceeded 100/Mb. The highest mutation
frequencies are in some cases attributable to extensive exposure to well
known carcinogens, such as ultraviolet radiation in the case of mela-
noma and tobacco smoke in the case of lung cancers.

More surprisingly, mutation frequencies varied markedly across
patients within a cancer type. In melanoma and lung cancer, the fre-
quency ranged across 0.1–100/Mb. Despite the low median frequency
in acute myeloid leukaemia (AML; 0.37/Mb), the patient-specific fre-
quencies similarly spanned three orders of magnitude, from 0.01 to 10/
Mb. Variation may in some cases be due to key biological factors, such as
melanomas not attributed to ultraviolet exposure or on unexposed skin,
colon cancers with or without mismatch repair defects3, or head and
neck tumours with viral or non-viral origin5 (Supplementary Fig. 2).

Second, after analysing total mutation frequency, we analysed het-
erogeneity in the mutational spectrum of the tumours. Starting with all
96 possible mutations (12 mutations at a base times 16 possible flank-
ing bases, then collapsed by strand symmetry), we used non-negative
matrix factorization (NMF) to reduce the dimensionality, with each
spectrum represented as a linear combination of six basic spectra
(Methods). We represented the mutational spectrum of each tumour
on a circular plot, with distance from the origin representing total
mutation rate and angle representing the relative contribution of the
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Figure 1 | Somatic mutation frequencies observed in exomes from 3,083
tumour–normal pairs. Each dot corresponds to a tumour–normal pair, with
vertical position indicating the total frequency of somatic mutations in the
exome. Tumour types are ordered by their median somatic mutation
frequency, with the lowest frequencies (left) found in haematological and
paediatric tumours, and the highest (right) in tumours induced by carcinogens

such as tobacco smoke and ultraviolet light. Mutation frequencies vary more
than 1,000-fold between lowest and highest across different cancers and also
within several tumour types. The bottom panel shows the relative proportions
of the six different possible base-pair substitutions, as indicated in the legend on
the left. See also Supplementary Table 2.
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A B S T R A C T

Nasopharyngeal carcinoma (NPC) is a unique epithelial malignancy arising from the superior aspect
of the pharyngeal mucosal space, associated with latent Epstein-Barr virus infection in most cases.
The capacity to characterize cancer genomes in unprecedented detail is now providing insights
into the genesis and molecular underpinnings of this disease. Herein, we provide an overview of
the molecular aberrations that likely drive nasopharyngeal tumor development and progression.
The contributions of major Epstein-Barr virus–encoded factors, including proteins, small RNAs,
and microRNAs, along with their interactions with pathways regulating cell proliferation and
survival are highlighted. We review recent analyses that clearly define the role of genetic and
epigenetic variations affecting the human genome in NPC. These findings point to the impact of
DNA methylation and histone modifications on gene expression programs that promote this
malignancy. The molecular interactions that allow NPC cells to evade immune recognition and
elimination, which is crucial for the survival of cells expressing potentially immunogenic viral
proteins, are also described. Finally, the potential utility of detecting host and viral factors for the
diagnosis and prognosis of NPC is discussed. Altogether, the studies summarized herein have
greatly expanded our knowledge of the molecular biology of NPC, yet much remains to be
uncovered. Emerging techniques for using and analyzing well-annotated biospecimens from
patients with NPC will ultimately lead to a greater level of understanding, and enable improve-
ments in precision therapies and clinical outcomes.

J Clin Oncol 33:3346-3355. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is an epithelial
malignancy arising from the most superior por-
tion of the pharynx, extending from the upper
surface of the soft palate to the base of the skull.
This disease is characterized by a unique set of
geographic, etiologic, and biologic features dis-
tinct from other head and neck cancers. The mo-
lecular landscape of NPC is defined by an array of
familial and somatic genetic and epigenetic varia-
tions, which, in most NPCs, are intermingled with
latent Epstein-Barr virus (EBV) infection, result-
ing in a malignant phenotype. The events precip-
itating the development of NPC appear to occur
in a stepwise manner from normal nasopharyn-
geal epithelium to a malignant carcinoma.1 Given
that most NPCs are associated with EBV infec-
tion, EBV-negative NPC remains largely under-
represented in the current literature; as such, this
review will focus primarily on the molecular biol-
ogy of EBV-positive NPC. Specifically, we will
review the pertinent aberrancies within these ma-
lignant tissues, and describe how they affect cellu-
lar pathways in promoting the development and
progression of NPC.

EPIDEMIOLOGY AND ETIOLOGY

The most common causal agent in NPC is EBV. The
EBV genome is present in approximately 90% of
NPCs observed in endemic regions, and is consid-
ered to play an important role in many aspects of
NPC development.1 Interestingly, human papillo-
mavirus infection has recently been identified in
EBV-negative NPCs in nonendemic regions; how-
ever, the true biologic implications of these observa-
tions remain to be fully characterized.2,3

Other environmental risk factors associated
with NPC have also been identified, such as alco-
hol consumption and tobacco smoking.4 Notably,
a stronger association between tobacco smoking
and NPC is observed in populations outside en-
demic regions than within high-risk populations.5

Concordantly, this occurs with differentiated ver-
sus undifferentiated or EBV-positive versus EBV-
negative NPC.

A variety of dietary habits have also been asso-
ciated with NPC development, such as consump-
tion of salt-preserved foods.4 The preservation
process is thought to increase levels of carcinogenic
nitrosamines, leading to an approximately two-fold
higher incidence of NPC in regions of frequent
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and 16q. These have been identified and confirmed in multiple stud-
ies40,48,50,55; however, many of the specific tumor-suppressor targets in
these regions remain to be identified. One important region is the
9p21.3 cytoband, originally observed to exhibit copy number losses in
most (61%), and a homozygous deletion in one of the evaluated
primary NPC samples.55 Contained within this region are two genes
that encode three tumor suppressors: p16-INK4a, ARF (gene
CDKN2A), and p15-INK4b (gene CDKN2B). Hypermethylation of
the p16 promoter was also frequently detected in NPC samples, indi-
cating that this was the target of copy number loss in this region.33,34 In
subsequent studies, the functional implication of p16 loss in NPC was
examined, demonstrating that p16 reexpression led to G0/G1 arrest
along with reduced in vivo tumorigenicity, most likely mediated via its
canonical role as an inhibitor of interaction between cdk4/cdk6 and
cyclin D1 (CCND1).56 Moreover, p16 deletion was a critical event in
human telomerase catalytic subunit immortalization of normal naso-
pharyngeal epithelial cells,57 further providing support for p16 inacti-
vation as an early event in NPC development.56

Similar to p16, Ras association domain family member 1
(RASSF1) was identified as an important tumor suppressor in NPC
because of its frequent deletion at 3p21.3, its promoter methylation,
and somatic mutation in a few NPC samples (9.5%).38,39,48 Since its
initial cloning in 2000,58 multiple putative functions have been as-
cribed to RASSF1, although its precise role remains controversial.59 In
the few studies focused on NPC, stable reexpression of RASSF1A in
C666-1 cells resulted in growth inhibition both in vitro and in vivo
mediated through TGF-! signaling (activin !E and Id2).60 RASSF1A
also plays an important role in regulating mitotic progression through
its direct inhibition of the anaphase-promoting complex–cell-
division cycle protein 20 complex, which functions to promote micro-
tubule stability.61 Hence, when RASSF1A expression was suppressed
in immortalized nasopharyngeal epithelial cells, microtubule struc-
tures were disrupted. Chromosomal instability ensued, leading to
enhanced tumorigenicity.62

Several oncogenes are also activated in NPC via copy number
gains. Frequent amplification of 11q13 has been observed in multiple
cytogenetic studies, with CCND1 identified as the likely target.48,49

Moreover, CCND1 was observed to be overexpressed in more than
90% of primary NPC samples by immunohistochemical staining, and
its knockdown in NPC cell lines significantly decreased prolifera-
tion.49 Similarly, recurrent amplification of 12p13 was determined to
target lymphotoxin-! receptor, overexpression of which was con-
firmed to contribute to cell survival and tumor growth in NPC models
via activation of NF-"B.54 Likewise, an increase in copy number of
phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit al-
pha (PIK3CA) at 3q26.1 has been observed in 70% to 75% of primary
NPC samples,50,51 and immunohistochemical evidence indicated that
the PI3K/Akt pathway was activated in approximately 85% of NPC
samples.63 Hence, given that PIK3CA point mutations are rarely de-
tected in NPC, amplification is most likely the major mechanism of
constitutive activation of this pathway.51

Translocations
Recently, several fusion transcripts, resulting from genomic

translocations, have been identified in NPC. By using paired-end
RNA-sequencing data from C666-1 cells, a fusion was first detected
between ubiquitin protein ligase E3 component n-recognin 5 and zinc
finger protein 423, which was subsequently corroborated in 12 (8.3%)

of 144 primary NPC samples interrogated using reverse transcriptase
polymerase chain reaction.64 Functional analysis demonstrated that
the resultant chimeric protein promoted proliferation and colony-
forming ability in vitro, as well as tumor formation in vivo.64 A second
study identified and validated three in-frame gene fusions (YAP1-
MAML2, PTPLB-RSRC1, and SP3-PTK2) in two NPC samples using
high-throughput sequencing of circularized DNA fragments and a
novel computational algorithm.65 Subsequent investigation using flu-
orescent in situ hybridization analysis of 196 NPC samples observed
that structural rearrangements in the three involved genes were de-
tected at low frequencies (MAML2 in 3, PTK2 in 6, and SP3 in 2 of 196
cases), although none of the originally identified partners were simi-
larly fused in the validation set.65

Small Insertions/Deletions and
Single-Nucleotide Variants

Before the recent report on whole-exome sequencing of NPC,32

the detection of single-nucleotide variants (SNVs) and small insertion
and deletions (Indels) in NPC had been limited to targeted analysis of
specific tumor suppressors or oncogenes. These analyses indicated
that the frequency of SNVs is low in NPC (1 to 342 coding mutations/
sample), even when compared with other virally associated head and
neck tumors, such as human papillomavirus–positive head and neck
squamous cell or EBV-positive gastric adenocarcinomas (Fig 266,67).
Nonetheless, several key genes and pathways do appear to be targeted
by small genomic alterations, often overlapping with those that are
also frequently amplified or deleted at the copy number level, or
epigenetically altered.

TP53, the most widely mutated gene in human cancers, is rarely
mutated in NPC (0% to 8%); however, this proportion increases
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Fig 2. Somatic coding mutation frequency (from exome sequencing, normal-
ized to covered area) in nasopharyngeal carcinoma (NPC), compared with other
relevant or virally driven solid malignancies. NPC data were generated from Lin et
al32; head and neck squamous cell carcinoma (HNSCC) and gastric adenoma data
were obtained from The Cancer Genome Atlas.66,67 EBV, Epstein-Barr virus;
HPV, human papilloma virus.
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Safety and clinical activity of pembrolizumab for treatment 
of recurrent or metastatic squamous cell carcinoma of the 
head and neck (KEYNOTE-012): an open-label, multicentre, 
phase 1b trial
Tanguy Y Seiwert, Barbara Burtness, Ranee Mehra, Jared Weiss, Raanan Berger, Joseph Paul Eder, Karl Heath, Terrill McClanahan, Jared Lunceford, 
Christine Gause, Jonathan D Cheng, Laura Q Chow

Summary
Background Patients with recurrent or metastatic squamous cell carcinoma of the head and neck have few treatment 
options. We aimed to assess the safety, tolerability, and antitumour activity of pembrolizumab, a humanised 
anti-programmed death receptor 1 (PD-1) antibody, in patients with PD-L1-positive recurrent or metastatic squamous 
cell carcinoma of the head and neck.

Methods This study was an open-label, multicentre, phase 1b trial of patients with recurrent or metastatic squamous cell 
carcinoma of the head and neck. Patients were eligible for enrolment if they were aged 18 years or older, had a confi rmed 
diagnosis of recurrent or metastatic squamous cell carcinoma of the head and neck, and had any level of PD-L1 expression 
(ie, at least 1% of tumour cells or stroma that were PD-L1-positive by immunohistochemistry). Patients received 
pembrolizumab 10 mg/kg intravenously every 2 weeks. Primary outcomes were safety in the per-protocol population and 
the proportion of patients with centrally reviewed overall response per Response Evaluation Criteria In Solid Tumors 
(RECIST, version 1.1). Overall response was analysed in the full analysis set, which was defi ned as all patients who had 
received at least one dose of pembrolizumab, had measurable disease at baseline, and one post-baseline scan or patients 
without a post-baseline scan who discontinued therapy because of disease progression or a drug-related adverse event. 
The study is registered with ClinicalTrials.gov, number NCT01848834 and is ongoing, but no longer enrolling patients.

Findings Of the 104 patients screened between June 7, 2013, and Oct 3, 2013, 81 (78%) were PD-L1-positive. Of these, 
60 patients with PD-L1-positive squamous cell carcinoma of the head and neck were enrolled and treated: 23 (38%) 
were HPV-positive and 37 (62%) were HPV-negative. Pembrolizumab was well tolerated, with 10 (17%) of 60 patients 
having grade 3–4 drug-related adverse events, the most common of which were increases in alanine aminotransferase 
and in aspartate aminotransferase, and hyponatraemia, each occurring in two of 60 patients; one patient developed a 
grade 3 drug-related rash. 27 (45%) of 60 patients experienced a serious adverse event. There were no drug-related 
deaths. The proportion of patients with an overall response by central imaging review was 18% (eight of 45 patients; 
95% CI 8–32) in all patients and was 25% (four of 16 patients; 7–52) in HPV-positive patients and 14% (four of 
29 patients; 4–32) in HPV-negative patients.

Interpretation Pembrolizumab was well tolerated and demonstrated clinically meaningful antitumour activity in 
recurrent or metastatic squamous cell carcinoma of the head and neck, supporting further study of pembrolizumab 
as anticancer therapy for advanced head and neck cancers.

Funding Merck & Co.

Introduction
Squamous cell carcinoma of the head and neck is the 
seventh most common cancer worldwide.1 Patients with 
recurrent or metastatic disease have a poor prognosis 
and few treatment options.2,3 The combination of 
cetuximab, platinum, and fl uorouracil is commonly used 
as fi rst-line treatment for recurrent or metastatic head 
and neck squamous cell carcinoma,3 although taxanes 
and methotrexate are used in later lines of treatment. 
However, a more eff ective and less toxic treatment is 
needed in this palliative setting.

Human papillomavirus (HPV)-negative squamous cell 
carcinoma tumours of the head and neck carry a high 

mutational burden that is probably linked to tobacco use, 
whereas HPV-positive cancers might also have mutations 
attributed to expression of APOBEC cytidine deaminases.4–6 
Genes involved in immunity and infl ammation, such as 
HLA A or B and nuclear factor-κB pathway genes, are 
frequently mutated in patients with squamous cell 
carcinoma of the head and neck.4,5 The misregulation of 
these particular genes might explain the frequent 
observation of an infl amed phenotype in squamous cell 
carcinoma of the head and neck with the presence 
of tumour-infi ltrating lymphocytes in roughly 40% of 
tumours, and provide a rationale for the potential effi  cacy of 
immunomodulatory drugs.6 In the healthy immune system, 
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Antitumor Activity of Pembrolizumab in Biomarker-
Unselected Patients With Recurrent and/or Metastatic Head
and Neck Squamous Cell Carcinoma: Results From the
Phase Ib KEYNOTE-012 Expansion Cohort
Laura Q.M. Chow, Robert Haddad, Shilpa Gupta, Amit Mahipal, Ranee Mehra, Makoto Tahara, Raanan Berger,
Joseph Paul Eder, Barbara Burtness, Se-Hoon Lee, Bhumsuk Keam, Hyunseok Kang, Kei Muro, Jared Weiss,
Ravit Geva, Chia-Chi Lin, Hyun Cheol Chung, Amy Meister, Marisa Dolled-Filhart, Kumudu Pathiraja,
Jonathan D. Cheng, and Tanguy Y. Seiwert

A B S T R A C T

Purpose
Treatmentwith pembrolizumab, an anti–programmed death-1 antibody, at 10mg/kg administered once
every 2 weeks, displayed durable antitumor activity in programmed death-ligand 1 (PD-L1) –positive
recurrent and/or metastatic (R/M) head and neck squamous cell carcinoma (HNSCC) in the KEYNOTE-
012 trial. Results from the expansion cohort, in which patients with HNSCC, irrespective of biomarker
status, received a fixed dose of pembrolizumab at a less frequent dosing schedule, are reported.

Patients and Methods
Patients with R/M HNSCC, irrespective of PD-L1 or human papillomavirus status, received pem-
brolizumab 200 mg intravenously once every 3 weeks. Imaging was performed every 8 weeks.
Primary end points were overall response rate (ORR) per central imaging vendor (Response
Evaluation Criteria in Solid Tumors v1.1) and safety. Secondary end points included progression-free
survival, overall survival, and association of response and PD-L1 expression. Patients who received
one or more doses of pembrolizumab were included in analyses.

Results
Of 132 patients enrolled,median agewas 60 years (range, 25 to 84 years), 83%weremale, and 57%
received two or more lines of therapy for R/M disease. ORR was 18% (95% CI, 12 to 26) by central
imaging vendor and 20% (95% CI, 13 to 28) by investigator review. Median duration of response
was not reached (range, $ 2 to $ 11 months). Six-month progression-free survival and overall
survival rates were 23% and 59%, respectively. By using tumor and immune cells, a statistically
significant increase in ORR was observed for PD-L1–positive versus –negative patients (22% v 4%;
P = .021). Treatment-related adverse events of any grade and grade$ 3 events occurred in 62% and
9% of patients, respectively.
Conclusion
Fixed-dose pembrolizumab 200 mg administered once every 3 weeks was well tolerated and
yielded a clinically meaningful ORR with evidence of durable responses, which supports further
development of this regimen in patients with advanced HNSCC.

J Clin Oncol 34:3838-3845. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC)
is the seventhmost common cancer worldwide.1 In
the United States, it is estimated there will be
approximately 61,760 new cases of HNSCC and
13,190 deaths in 2016.2 Primary risk factors in-
clude tobacco smoking and alcohol consumption.3

Another risk factor for a growing subset of head

and neck cancers is human papillomavirus (HPV)
infection.4 Several differences among smoking- and
alcohol-related versusHPV-associatedHNSCChave
been reported, including different patient char-
acteristics, genomic profiles, and prognoses; for
example, patients with HPV-associated HNSCC
often have better outcomes than those with HPV-
unrelated disease.5

A common first-line treatment regimen for
recurrent and/or metastatic (R/M) HNSCC is the
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the site investigator by using the method of their choice; p16
IHC was used by the majority of sites. Whereas p16 IHC is
a useful surrogate for HPV infection in oropharyngeal HNSCC,
it has limited utility outside of the oropharynx where HPV
is less prevalent.30,31 For that reason, patients with non-
oropharyngeal HNSCC were considered to be HPV-negative
regardless of p16 status. In addition, the number of patients
with HPV-associated disease in this study was substantially less
than the number with non–HPV-associated HNSCC. Response
by HPVassociation should be interpreted with these limitations
in mind.

On the basis of an evolving body of evidence in HNSCC
and other solid tumors that suggest PD-L1 expression on
tumor-infiltrating immune cells may contribute to clinical
outcome,32,33 two scoring systems were used to determine PD-L1
expression: one that analyzed expression on only tumor cells

and another that included both tumor and immune cells.
Although we did not independently determine the contribution
of each cell type, we have demonstrated that PD-L1 expression
on immune cells significantly contributes to the predictability
of response in HNSCC, as PD-L1 expression on tumor cells
alone was not significantly correlated with response.

Results from the current study indicate that the less fre-
quent, fixed dose of pembrolizumab is tolerable and provides
comparable antitumor activity with pembrolizumab adminis-
tered in a body weight–based dosing regimen. Patients responded
to pembrolizumab regardless of HPV status, and PD-L1 ex-
pression on tumor and immune cells was found to be associ-
ated with response. These findings support ongoing phase II
(KEYNOTE-055) and phase III (KEYNOTE-040 and KEYNOTE-
048) studies of the fixed-dose regimen in patients with advanced
HNSCC.
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Fig 2. Efficacy of pembrolizumab on the basis of RECIST (v1.1; Response Evaluation Criteria in Solid Tumors) by central imaging vendor review. (A)Maximum percentage
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A B S T R A C T

Purpose
There are no approved treatments for recurrent/metastatic head and neck squamous cell carcinoma
refractory to platinum and cetuximab. In the single-arm, phase II KEYNOTE-055 study, we evaluated
pembrolizumab, an anti–programmed death 1 receptor antibody, in this platinum- and cetuximab-
pretreated population with poor prognosis.

Methods
Eligibility stipulated disease progression within 6 months of platinum and cetuximab treatment. Pa-
tients received pembrolizumab 200 mg every 3 weeks. Imaging was performed every 6 to 9 weeks.
Primary end points: overall response rate (Response Evaluation Criteria in Solid Tumors v1.1, central
review) and safety. Efficacy was assessed in all dosed patients and in subgroups on the basis of
programmed death ligand 1 (PD-L1) expression and human papillomavirus (HPV) status.

Results
Among 171 patients treated, 75% received two ormore prior lines of therapy for metastatic disease,
82% were PD-L1 positive, and 22% were HPV positive. At the time of analysis, 109 patients (64%)
experienced a treatment-related adverse event; 26 patients (15%) experienced a grade $ 3 event.
Seven patients (4%) discontinued treatment, and one died of treatment-related adverse events.
Overall response rate was 16% (95% CI, 11% to 23%), with a median duration of response of
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of recurrence.1 For recurrent/metastatic (R/M)
HNSCC not amenable to curative-intent treat-
ment, palliative chemotherapy is the mainstay
of therapy, but efficacy of such treatments is
limited.2 The best median overall survival for
treatment in the first-line setting of R/M HNSCC
(10 months) used a combination of cetuximab,

platinum, and fluorouracil.3 After progression
on or after platinum and cetuximab, there are
no approved treatment options.4 Methotrexate,
which is commonly prescribed in this setting,
yields an overall response rate of 6% and me-
dian overall survival of 6 months.5

Immunotherapy targeting the programmed
death 1 (PD-1) pathway is effective for a wide
range of tumors.6-9 The PD-1–programmed
death ligand 1 (PD-L1) interaction is impli-
cated in immune escape in HNSCC, with ev-
idence of overexpression of the PD-1 ligands,
PD-L1 and PD-L2, both on tumor cells and within
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Results
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RESULTS

Patients
From October 24, 2014, through September 23, 2015, 228

patients were screened; of these, 171 were enrolled and received one
or more doses of pembrolizumab (Fig 1). Most common reasons for
screen failure were decline in Eastern Cooperative Oncology Group
performance status to . 1 (24 patients), CNS metastases and/or
carcinomatous meningitis (10 patients), inadequate organ function
(seven patients), and unwilling and/or unable to provide consent
(seven patients). Median age was 61 years; 81% were male, 68%
reported previous tobacco use, and 75% received two or more lines
of prior systemic therapy (Table 1). The majority of patients (140 of
171; 82%) were PD-L1 positive using a CPS of$ 1%; 48 (28%) had
a CPS of $ 50%. Thirty-seven patients (22%) were HPV positive;
131 (77%) were HPV negative. The data-cutoff date for these an-
alyses was April 22, 2016. At that time, the median (range) follow-up
duration was 7 (0 to 17) months, and 36 patients (21%) were still
receiving pembrolizumab.

Adverse Events
At the time of data cutoff, patients had received pembrolizumab

for a median (range) of 90 (1 to 401) days. Treatment-related adverse
events of any grade were reported in 109 (64%) patients; most
common were fatigue, hypothyroidism, nausea, AST increase, and
diarrhea (Table 2). The majority of treatment-related adverse events
were of grade 1 or 2; 26 patients (15%) experienced an event of grade
3 or higher. The only immune-mediated adverse events (any grade or
treatment attribution) reported in $ 2% of patients were hypo-
thyroidism (27 of 171; 16%), pneumonitis (seven of 171; 4%), and
hyperthyroidism (four of 171; 2%). Seven patients (4%) discontinued
because of treatment-related adverse events (Appendix Table A2,
online only). One patient died of treatment-related pneumonitis.

Treatment ongoing, No. (%)
36 (21)

Enrolled
(N = 171)

Screened
(n = 228)

Did not enroll
(n = 57)

Discontinued, No. (%): 135 (79)
    Adverse event: 24 (14)
    Clinical progression: 23 (14)
    Complete response: 1 (1)
    Death: 2 (1)*
    Excluded medication: 1 (1)
    Lost to follow-up: 1 (1)
    Physician decision: 1 (1)
    Progressive disease: 80 (47)
    Withdrawal by subject: 2 (1) 

Fig 1. Patient disposition. *One patient died because of cardiac arrest (not
treatment related) and one died because of pneumonitis (treatment related).

Table 1. Baseline Characteristics

Characteristic
All Patients
(N = 171)

Age, years, median (range) 61 (33-90)
Male, No. (%) 138 (81)
Race, No. (%)

White 152 (89)
Black or African American 11 (6)
Asian 7 (4)
American Indian or Alaska Native 1 (1)

ECOG performance status
0 48 (28)
1 120 (70)
2* 3 (2)

HPV status†
Positive 37 (22)
Negative 131 (77)

History of tobacco use
Yes 117 (68)
No 54 (32)

History of cigarette use
Current user 13 (8)
Past user 99 (58)
Nonuser 59 (35)

Primary tumor location
Hypopharynx 7 (4)
Larynx 30 (18)
Nasal cavity 1 (1)
Oral cavity 28 (16)
Oropharynx 100 (58)
Pharynx 1 (1)
Other 4 (2)

Prior systemic therapies, median (range) 2 (1-6)
Prior curative treatments

Radiation therapy and chemotherapy 153 (89)
Surgery 98 (57)
Adjuvant chemotherapy 36 (21)
Induction chemotherapy 10 (6)
Radiation alone 0 (0)

No. of previous lines for recurrent/metastatic disease
1 39 (23)
2 68 (40)
$ 3 61 (36)

Prior concurrent platinum and cetuximab therapy 84 (49)
Prior platinum and subsequent cetuximab therapy 116 (68)
Received another chemotherapy after platinum

and/or cetuximab therapy and before trial initiation
102 (60)

Disease progressed within 6 months of completing
primary treatment

49 (29)

Disease progressed within 6 months of cetuximab
with concurrent radiation‡

13 (8)

Disease progressed within 6 months of cetuximab
with concurrent platinum-based chemotherapy‡

44 (26)

Disease progressed within 6 months of cetuximab
monotherapy‡

71 (42)

PD-L1 status§
CPS $ 1% 140 (82)
CPS , 1% 26 (15)
CPS $ 50% 48 (28)
CPS , 50% 118 (69)

NOTE. Data presented as No. (%) unless otherwise noted.
Abbreviations: CPS, combined positive score; ECOG, Eastern Cooperative
Oncology Group; HPV, human papillomavirus; PD-L1, programmed death ligand 1.
*Three patients with an ECOG performance status of 2 were enrolled despite
entry criteria violations.
†HPV status unknown for three patients.
‡Twenty patients had a missing end date for radiation therapy, 53 patients had
a missing end date for platinum-based chemotherapy, and 37 patients had
a missing end date for cetuximab treatment or a missing start date for disease
progression. Patients with missing data were excluded from these analyses.
§CPS unknown for five patients.
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Clinical Activity
Overall response rate was 16% (95%CI, 11% to 23%; P, .001;

Table 3). One patient achieved complete response, 27 patients (16%)
achieved partial response, and 33 patients (19%) and 87 patients
(51%) experienced stable and progressive disease, respectively.
Response rates were similar regardless of HPV status, with rates of
16% in HPV-positive patients and 15% in HPV-negative patients
(Table 3). Overall, 50% (70 of 141) of evaluable patients experienced
reduction from baseline in target lesion size (Fig 2A).

At data cutoff, median (range) time to response was 2 (2 to 5)
months. Median (range) follow-up time for responders was 9 (7 to
17) months. Median (range) response durations were 8 (2+ to 12+)
months in all responders (Appendix Fig A1, online only), not
reached (3+ to 12+ months) in HPV-positive responders, and
7 (2+ to 10+) months in HPV-negative responders. At the data

cutoff, 21 patients (75% of responders) had an ongoing response,
and eight responses had lasted $ 6 months (Fig 2B).

Median progression-free survival was 2.1 months (95% CI,
2.1 to 2.1) in all patients and did not differ based on HPV status
(Fig 2C). The 6-month progression-free survival rate was 23% in
all patients, 25% in HPV-positive patients, and 21% in HPV-
negative patients. Median overall survival was 8 months (95% CI,
6 to 11 months) in all patients, with similar survival observed
regardless of HPV status (Fig 2D). Overall survival at 6 months was
59% in all patients, 72% in HPV-positive subgroups, and 55% in
HPV-negative subgroups.

Clinical Activity by PD-L1 Status
Overall response rates (95% CI) by PD-L1 expression status

using a CPS cutoff of 1% were 18% (12% to 25%) in PD-L1–
positive patients (CPS $ 1%) and 12% (2% to 30%) in
PD-L1–negative patients (CPS, 1%; Table 4). When the CPS was
analyzed to 50% on the basis of raw scores, rates (95% CI) were
27% (15% to 42%) in patients with CPS $ 50% and 13% (7% to
20%) in patients with CPS , 50%. The one complete response
achieved during the study was observed in a patient with a CPS
of $ 50%. Six-month progression-free survival rates in PD-L1–
positive patients were 24% (CPS $ 1%) and 31% (CPS $ 50%);
rates were 20% and 20% in patients with CPS , 1% and CPS
, 50%, respectively. Overall survival at 6 months in PD-L1–
positive patients was 59% (CPS $ 1%) and 60% (CPS $ 50%);
rates were 56% and 58% in patients with CPS , 1% and CPS
, 50%, respectively. Kaplan-Meier estimates of progression-free
survival and overall survival are outlined in Appendix Figure A2
(online only).

DISCUSSION

We have demonstrated that pembrolizumab exhibited clinically
significant antitumor activity and a manageable safety profile in
patients with HNSCC whose disease progressed on both platinum
and cetuximab. The primary objective of this study was met; 16%
of patients achieved confirmed response by central review, and
responses were durable, with some. 12 months at the time of this

Table 2. Treatment-Related Adverse Events in All Treated Patients (N = 171)

Adverse Event Any Grade Grade 3-5

Any 109 (64) 26 (15)
Fatigue 30 (18) 1 (1)
Hypothyroidism 16 (9) 0 (0)
Nausea 11 (6) 0 (0)
AST increase 11 (6) 4 (2)
Diarrhea 10 (6) 1 (1)
Appetite decrease 9 (5) 0 (0)
Rash 9 (5) 0 (0)
Pruritus 8 (5) 0 (0)
ALT increase 7 (4) 0 (0)
Anemia 6 (4) 3 (2)
Pneumonitis 6 (4) 2 (1)
Weight decrease 6 (4) 0 (0)
Arthralgia 6 (4) 0 (0)
Bilirubin increase 5 (3) 0 (0)
Myalgia 5 (3) 0 (0)
Peripheral neuropathy 5 (3) 0 (0)
Cough 5 (3) 0 (0)
Alkaline phosphatase increase 4 (2) 2 (1)
Hyponatremia 4 (2) 1 (1)
Dizziness 4 (2) 0 (0)
Maculopapular rash 4 (2) 1 (1)

NOTE. Data presented as No. (%). Each patient is counted once for a specific
adverse event. Only the highest grade of a given adverse event is reported for
each patient. Listed are events of any grade reported in at least 2% of patients.

Table 3. Antitumor Activity of Pembrolizumab

Response Evaluation

All Patients* (N = 171) HPV Positive† (n = 37) HPV Negative† (n = 131)

No. % (95% CI)‡ No. % (95% CI)‡ No. % (95% CI)‡

Overall response rate 28 16 (11 to 23) 6 16 (6 to 32) 20 15 (10 to 23)
Complete response 1 1 (0 to 3) 0 0 (0 to 10) 1 1 (0 to 4)
Partial response 27 16 (11 to 22) 6 16 (6 to 32) 19 15 (9 to 22)

Stable disease 33 19 (14 to 26) 6 16 (6 to 32) 26 20 (13 to 28)
Progressive disease 87 51 (43 to 59) 21 57 (40 to 73) 66 50 (42 to 59)
Nonevaluable§ 4 2 (1 to 6) 0 0 (0 to 10) 4 3 (1 to 8)
Data unavailablek 19 11 (7 to 17) 4 11 (3 to 25) 15 12 (7 to 18)

NOTE. Confirmed responses per Response Evaluation Criteria in Solid Tumors, version 1.1, per central imaging vendor review.
Abbreviation: HPV, human papillomavirus.
*Patients who received one or more doses of pembrolizumab.
†HPV status determined using p16 immunohistochemistry for tumors of the oropharynx. Nonoropharyngeal tumors were considered HPV negative.
‡On the basis of binomial exact confidence interval method.
§Images were not evaluable.
kData were unavailable because of death or withdrawal from the study before the first scheduled scan.
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publication. These results are consistent with those reported
previously for the KEYNOTE-012 study, in which 18% of patients
with R/MHNSCC responded to pembrolizumab. No specific prior
treatments were mandated in KEYNOTE-012.7,19 In both studies,
patients responded to pembrolizumab regardless of HPV status. In
addition, given the median overall survival of 8 months reported in
the current study and in the R/M HNSCC cohorts of KEYNOTE-
012,7,19 survival with pembrolizumab in R/M HNSCC is encour-
aging, especially when considered in conjunction with the toxicity
profile and in comparison with historical reference populations.3-5

It is particularly notable that patients in KEYNOTE-055 had pro-
longed responses, given that increasing lines of therapy are generally
associated with worse outcomes in oncology. Pembrolizumab may

therefore lead to significant improvements in outcomes for some
patients regardless of prior treatment with platinum and cetuximab.

To our knowledge, our study is the first and largest report of
data from a phase II trial investigating PD-1 inhibition in patients
with R/M HNSCC refractory to both platinum and cetuximab,
a patient population with poor outcome and no approved treat-
ment options. Patients in this study were heavily pretreated, with
75% receiving two or more prior lines of systemic therapy. There is
a paucity of efficacy data in the literature for patients with R/M
HNSCC refractory to both platinum and cetuximab with which to
compare these results. Nonetheless, overall response and survival
rates reported with pembrolizumab seem favorable even when
compared with other treatments in patients with fewer prior
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Fig 2. Efficacy of pembrolizumab. (A)
The best percentage change from baseline
in target lesions (ie, difference in size of
target lesions between baseline and post-
baseline assessments divided by baseline
target lesion size times 100) per Response
Evaluation Criteria in Solid Tumors version
1.1 (RECIST v1.1) by central imaging vendor
review (n = 141). (B) Treatment exposure
and response duration in patients with
a confirmed complete or partial response
per RECIST v1.1 by central imaging vendor
review (n= 28). (C) Kaplan-Meier estimate of
progression-free survival per RECIST v1.1 by
central imaging vendor review. (D) Kaplan-
Meier estimate of overall survival. HPV,
human papillomavirus.
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with R/MHNSCC responded to pembrolizumab. No specific prior
treatments were mandated in KEYNOTE-012.7,19 In both studies,
patients responded to pembrolizumab regardless of HPV status. In
addition, given the median overall survival of 8 months reported in
the current study and in the R/M HNSCC cohorts of KEYNOTE-
012,7,19 survival with pembrolizumab in R/M HNSCC is encour-
aging, especially when considered in conjunction with the toxicity
profile and in comparison with historical reference populations.3-5

It is particularly notable that patients in KEYNOTE-055 had pro-
longed responses, given that increasing lines of therapy are generally
associated with worse outcomes in oncology. Pembrolizumab may

therefore lead to significant improvements in outcomes for some
patients regardless of prior treatment with platinum and cetuximab.

To our knowledge, our study is the first and largest report of
data from a phase II trial investigating PD-1 inhibition in patients
with R/M HNSCC refractory to both platinum and cetuximab,
a patient population with poor outcome and no approved treat-
ment options. Patients in this study were heavily pretreated, with
75% receiving two or more prior lines of systemic therapy. There is
a paucity of efficacy data in the literature for patients with R/M
HNSCC refractory to both platinum and cetuximab with which to
compare these results. Nonetheless, overall response and survival
rates reported with pembrolizumab seem favorable even when
compared with other treatments in patients with fewer prior
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ORR = 16%
• HPV+ 16%
• HPV- 15%

therapies. For example, response rates to single-agent cetuximab,
afatinib, and methotrexate in patients with R/M HNSCC who
progressed after treatment with platinumwere 10%, 10%, and 6%,
respectively.5,22 In addition, median overall survival seen with
pembrolizumab in the current study was encouraging com-
pared with that seen with afatinib (7 months) and methotrexate
(6 months) in previously treated R/M disease.5 Results were similar
to those from the phase III CheckMate-141 trial in which nivo-
lumab, another anti–PD-1 antibody, resulted in improvement in
overall survival (8 months) compared with investigator’s choice
standard of care (5 months) in patients with platinum-refractory
R/M HNSCC.23 Consistent with prior studies of immunotherapy
in cancer, overall survival in KEYNOTE-055 was encouraging
despite no apparent improvement in progression-free survival.
This consistent finding across multiple studies implies that
progression-free survival may not be the best outcome of interest
for immunotherapy trials.

Importantly, pembrolizumab was well tolerated in a patient
population that has already endured aggressive, toxic chemo-
therapy regimens; 64% of patients experienced a treatment-related
adverse event, the majority of which were grade 1 to 2. Few pa-
tients, however, were removed from treatment because of toxicity.

The safety profile of pembrolizumab seen in this study was consistent
with the profile previously reported in R/M HNSCC and similar to
that observed with PD-1 inhibition using nivolumab.7,9,15-18,23

Results reported here add to a growing body of evidence that
patients whose tumors express PD-L1 may be more likely to re-
spond to PD-1 pathway inhibition.7,19,23 In CheckMate-141,
17% of patients with PD-L1 expression of $ 1% of tumor cells
responded to treatment with nivolumab.23 Similarly, in the current
study, 18% of patients with $ 1% PD-L1 expression responded to
pembrolizumab compared with 12% of patients with , 1% ex-
pression. It should be noted that our study included a small
number of patients with CPS, 1% (n = 26); these findings should
be interpreted with this limitation in mind. In both CheckMate-
141 and KEYNOTE-055, higher response rates were noted in
patients with higher PD-L1 expression. One difference between
these two analyses is consideration of PD-L1 expression, not only
on tumor cells but also on tumor-associated inflammatory cells.
Findings from KEYNOTE-012 demonstrated the importance of
PD-L1 expression on inflammatory cells, because a difference in
response rate was not seen when measuring expression on tumor
cells alone.19 Thus, inflammatory cells were incorporated into
the scoring system used in the current study. Nonetheless, even
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Fig 2. (Continued).

Table 4. Antitumor Activity on the Basis of PD-L1 Expression Status

Response Evaluation

CPS $ 1% (n = 140) CPS , 1% (n = 26) CPS $ 50% (n = 48) CPS , 50% (n = 118)

No. % (95% CI)* No. % (95% CI)* No. % (95% CI)* No. % (95% CI)*

Overall response rate 25 18 (12 to 25) 3 12 (2 to 30) 13 27 (15 to 42) 15 13 (7 to 20)
Complete response 1 1 (0 to 4) 0 0 (0 to 13) 1 2 (0 to 11) 0 0 (0 to 3)
Partial response 24 17 (11 to 24) 3 12 (2 to 30) 12 25 (14 to 40) 15 13 (7 to 20)

Stable disease 23 16 (11 to 24) 7 27 (12 to 48) 7 15 (6 to 28) 23 20 (13 to 28)
Progressive disease 73 52 (44 to 61) 13 50 (30 to 70) 18 38 (24 to 53) 68 58 (48 to 67)
Nonevaluable 2 1 (0 to 5) 2 8 (1 to 25) 0 0 (0 to 7) 4 3 (1 to 9)
Data unavailable 17 12 (7 to 19) 1 4 (0 to 20) 10 21 (11 to 35) 8 7 (3 to 13)

NOTE. Confirmed responses per Response Evaluation Criteria in Solid Tumors, version 1.1, per central imaging vendor review.
Abbreviations: CPS, combined positive score; PD-L1, programmed death ligand 1.
*On the basis of binomial exact confidence interval method.
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therapies. For example, response rates to single-agent cetuximab,
afatinib, and methotrexate in patients with R/M HNSCC who
progressed after treatment with platinumwere 10%, 10%, and 6%,
respectively.5,22 In addition, median overall survival seen with
pembrolizumab in the current study was encouraging com-
pared with that seen with afatinib (7 months) and methotrexate
(6 months) in previously treated R/M disease.5 Results were similar
to those from the phase III CheckMate-141 trial in which nivo-
lumab, another anti–PD-1 antibody, resulted in improvement in
overall survival (8 months) compared with investigator’s choice
standard of care (5 months) in patients with platinum-refractory
R/M HNSCC.23 Consistent with prior studies of immunotherapy
in cancer, overall survival in KEYNOTE-055 was encouraging
despite no apparent improvement in progression-free survival.
This consistent finding across multiple studies implies that
progression-free survival may not be the best outcome of interest
for immunotherapy trials.

Importantly, pembrolizumab was well tolerated in a patient
population that has already endured aggressive, toxic chemo-
therapy regimens; 64% of patients experienced a treatment-related
adverse event, the majority of which were grade 1 to 2. Few pa-
tients, however, were removed from treatment because of toxicity.

The safety profile of pembrolizumab seen in this study was consistent
with the profile previously reported in R/M HNSCC and similar to
that observed with PD-1 inhibition using nivolumab.7,9,15-18,23

Results reported here add to a growing body of evidence that
patients whose tumors express PD-L1 may be more likely to re-
spond to PD-1 pathway inhibition.7,19,23 In CheckMate-141,
17% of patients with PD-L1 expression of $ 1% of tumor cells
responded to treatment with nivolumab.23 Similarly, in the current
study, 18% of patients with $ 1% PD-L1 expression responded to
pembrolizumab compared with 12% of patients with , 1% ex-
pression. It should be noted that our study included a small
number of patients with CPS, 1% (n = 26); these findings should
be interpreted with this limitation in mind. In both CheckMate-
141 and KEYNOTE-055, higher response rates were noted in
patients with higher PD-L1 expression. One difference between
these two analyses is consideration of PD-L1 expression, not only
on tumor cells but also on tumor-associated inflammatory cells.
Findings from KEYNOTE-012 demonstrated the importance of
PD-L1 expression on inflammatory cells, because a difference in
response rate was not seen when measuring expression on tumor
cells alone.19 Thus, inflammatory cells were incorporated into
the scoring system used in the current study. Nonetheless, even
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Table 4. Antitumor Activity on the Basis of PD-L1 Expression Status

Response Evaluation

CPS $ 1% (n = 140) CPS , 1% (n = 26) CPS $ 50% (n = 48) CPS , 50% (n = 118)

No. % (95% CI)* No. % (95% CI)* No. % (95% CI)* No. % (95% CI)*

Overall response rate 25 18 (12 to 25) 3 12 (2 to 30) 13 27 (15 to 42) 15 13 (7 to 20)
Complete response 1 1 (0 to 4) 0 0 (0 to 13) 1 2 (0 to 11) 0 0 (0 to 3)
Partial response 24 17 (11 to 24) 3 12 (2 to 30) 12 25 (14 to 40) 15 13 (7 to 20)

Stable disease 23 16 (11 to 24) 7 27 (12 to 48) 7 15 (6 to 28) 23 20 (13 to 28)
Progressive disease 73 52 (44 to 61) 13 50 (30 to 70) 18 38 (24 to 53) 68 58 (48 to 67)
Nonevaluable 2 1 (0 to 5) 2 8 (1 to 25) 0 0 (0 to 7) 4 3 (1 to 9)
Data unavailable 17 12 (7 to 19) 1 4 (0 to 20) 10 21 (11 to 35) 8 7 (3 to 13)

NOTE. Confirmed responses per Response Evaluation Criteria in Solid Tumors, version 1.1, per central imaging vendor review.
Abbreviations: CPS, combined positive score; PD-L1, programmed death ligand 1.
*On the basis of binomial exact confidence interval method.
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https://www.agilent.com/cs/library/usermanuals/public/29158_pd-l1-ihc-22C3-pharmdx-nsclc-interpretation-manual.pdf

PD-L1 IHC 22C3 pharmDx Interpretation Manual

21

At higher magnification: Observe tumor areas with cell membrane staining 
for percentage of stained cells in each section.  
Assessment: Staining of tumor cells in each of the four respective 
sections: 80%, 25%, 50%, 100% 

At lower magnification: Visually divide the tumor 
area into sections. 

Calculate the Tumor Proportion Score:  
Determine the overall percentage of  
stained tumor cells.

Assessment: Tumor Proportion Score:  
(80% + 25% + 50% + 100%) / 4 = ≥ 60% 

Figure 15: Example with heterogeneous tumor area.

Example 2: Calculation of Tumor Proportion Score in a Heterogeneous Tumor Area

Negative tumor cell
1+, 2+, and 3+ tumor cells
Tumor-associated 
immune cell

25% PD-L1  
positive

50% PD-L1  
positive

80% PD-L1  
positive

100% PD-L1  
positive

https://www.agilent.com/cs/library/usermanuals/public/29158_pd-l1-ihc-
22C3-pharmdx-nsclc-interpretation-manual.pdf

https://www.agilent.com/cs/library/usermanuals/public/29158_pd-l1-ihc-22C3-pharmdx-nsclc-interpretation-manual.pdf

PD-L1 IHC 22C3 pharmDx Interpretation Manual – Gastric or Gastroesophageal Junction (GEJ) Adenocarcinoma

21

Example 2: Calculation of Combined Positive Score in a Heterogeneous Tumor Area

At higher magnification (20x): Observe each region and estimate the total 
number of viable tumor cells and PD-L1 staining cells (tumor cells, lymphocytes, 
macrophages). Calculate the Combined Positive Score for each region
Assessment: The four sections have ~80, ~30, ~50, and ~100 PD-L1 staining 
cells (tumor cells, lymphocytes, macrophages). Each section has a total of 100 
tumor cells (including PD-L1 staining cells). The CPS for each section: ~CPS 80, 
~CPS 30, ~CPS 50, and ~CPS 100

At lower magnification (4x, 10x): Visually 
divide the tumor area into regions with 
equal numbers of tumor cells.

Calculate the Combined Positive Score of the entire tumor area:

Assessment: Combined Positive Score: 

(80 + 30 + 50 + 100) / 4 = ~CPS 65 

Clinical Interpretation: PD-L1 expression

Figure 15: Example with heterogeneous tumor area.

~CPS 50

~CPS 80 ~CPS 30

~CPS 100

# PD-L1 staining cells (tumor cells,  
lymphocytes, macrophages)

Total # viable tumor cells
 CPS = x 100

PD-L1 staining tumor cell
PD-L1 non-staining tumor cell
PD-L1 staining mononuclear 
inflammatory cell
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Pembrolizumab 200 mg Q3W 

for up to 35 cycles

Cetuximab 250 mg/m2 Q1Wc +
Carboplatin AUC 5 OR 
Cisplatin 100 mg/m2 + 

5-FU 1000 mg/m2/d for 4 days
for 6 cycles (each 3 wk)

R 
1:1:1

Cetuximab 
250 mg/m2 Q1W

Stratification Factors
• PD-L1 expressiona

(TPS ≥50% vs <50%)
• p16 status in oropharynx

(positive vs negative)
• ECOG performance status

(0 vs 1)

aA s s e s s e d  u s in g  th e  P D -L 1  IH C  2 2 C 3  p h a rm D x  a s s a y  (A g ile n t ) .  T P S  =  tu m o r p ro p o r t io n  s c o re  =  %  o f  tu m o r c e lls  w ith  m e m b ra n o u s  P D -L 1 e x p re s s io n .  bA s s e s s e d  u s in g  th e  C IN te c  p 1 6  
H is to lo g y  a s s a y  (Ve n ta n a ) ;  c u tp o in t  fo r  p o s it iv ity  =  7 0 % . cF o llo w in g  a  lo a d in g  d o s e  o f  4 0 0  m g /m 2.

Pembrolizumab 200 mg +
Carboplatin AUC 5 OR 
Cisplatin 100 mg/m2 + 

5-FU 1000 mg/m2/d for 4 days
for 6 cycles (each 3 wk)

Pembrolizumab 
200 mg Q3W 

for up to 
35 cycles total

Key Eligibility Criteria
• SCC of the oropharynx, 

oral cavity, hypopharynx, 
or larynx 

• R/M disease incurable by 
local therapies

• ECOG PS 0 or 1
• Tissue sample for PD-L1 

assessmenta

• Known p16 status in the 
oropharynxb

Pem b rolizum ab
M onoth erapy

Pem b rolizum ab
+ C h em oth erapy

EX T R EM E

aA sse sse d  a t a  ce n tra l la b o ra to ry  u s in g  th e  P D -L 1  IH C  2 2 C 3  p h a rm D x a ssa y . C P S  =  co m b in e d  p o s itive  sco re  =  n u m b e r o f P D -L 1 – p o s itive  ce lls  (tu m o r ce lls , lym p h o cyte s , m a cro p h a g e s) d iv id e d  b y  

to ta l n u m b e r o f tu m o r ce lls  × 1 0 0 .
bA sse sse d  p e r R E C IS T  v1 .1  b y  b lin d e d , in d e p e n d e n t ce n tra l re v ie w . 
cT o  b e  p re se n te d  a t a  la te r d a te .

Primary
•CPS ≥20,a CPS ≥1,a
and total populations

•OS
•PFSb

Secondary
•CPS ≥20,a CPS ≥1,a and 
total populations

• PFSb rates at 6 and 12 mo
• ORRb

• Change from baseline and 
time to deterioration in 
quality of life (EORTC 
QLQ-C30 and H&N-35)c

•Total population
• Safety and tolerability

Key Exploratory
•CPS ≥20,a CPS ≥1,a
and total populations

• Duration of responseb

aP a tie n ts  ra n d o m ize d  to  E X T R E M E  d u rin g  th e  p e m b ro  +  ch e m o  e n ro llm e n t h o ld  w e re  e xc lu d e d  fro m  a ll p e m b ro  +  ch e m o  vs  E X T R E M E  e ffica cy  co m p a riso n s . 
a3  p a tie n ts  in  th e  p e m b ro  a rm , 3  p a tie n ts  in  th e  E X T R E M E  a rm , a n d  4  p a tie n ts  in  th e  p e m b ro  +  ch e m o  a rm  h a d  n e ith e r m e ta s ta tic  n o r re cu rre n t d ise a se . D a ta  cu to ff d a te : Ju n  1 3 , 2 0 1 8 .

Pembro Alone vs EXTREME Pembro + Chemo vs EXTREME

Characteristic, n (%) Pembro
N = 301

EXTREME
N = 300

Pembro + Chemo
N = 281

EXTREME
N = 278a

Age, median (range), years 62 (22-94) 61 (24-84) 61 (20-85) 61 (24-84)

Male 250 (83.1) 261 (87.0) 224 (79.7) 242 (87.1)

ECOG PS 1 183 (60.8) 183 (61.0) 171 (60.9) 170 (61.2)

Current/former smoker 239 (79.4) 234 (78.0) 224 (79.7) 215 (77.3)

p16 positive (oropharynx) 63 (20.9) 67 (22.3) 60 (21.4) 61 (21.9)

Sum of target lesions, 
median (range), mm 54.1 (10-430) 58.7 (10-419) 67.3 (12-385) 58.7 (10-419)

PD-L1 status

TPS ≥50% 67 (22.3) 66 (22.0) 66 (23.5) 62 (22.3)

CPS ≥20 133 (44.2) 122 (40.7) 126 (44.8) 110 (39.6)

CPS ≥1 257 (85.4) 255 (85.0) 242 (86.1) 235 (84.5)

Disease statusb

Metastatic 261 (71.8) 203 (67.7) 201 (71.5) 187 (67.3)

Recurrent only 82 (27.2) 94 (31.3) 76 (27.0) 88 (31.7)

Pembrolizumab 200 mg Q3W 

for up to 35 cycles

Cetuximab 250 mg/m2 Q1Wc +
Carboplatin AUC 5 OR 
Cisplatin 100 mg/m2 + 

5-FU 1000 mg/m2/d for 4 days
for 6 cycles (each 3 wk)

R 
1:1:1

Cetuximab 
250 mg/m2 Q1W

Stratification Factors
• PD-L1 expressiona

(TPS ≥50% vs <50%)
• p16 status in oropharynx

(positive vs negative)
• ECOG performance status

(0 vs 1)

aA s s e s s e d  u s in g  th e  P D -L 1  IH C  2 2 C 3  p h a rm D x  a s s a y  (A g ile n t) .  T P S  =  tu m o r p ro p o r t io n  s c o re  =  %  o f  tu m o r c e lls  w ith  m e m b ra n o u s  P D -L 1 e x p re s s io n .  bA s s e s s e d  u s in g  th e  C IN te c  p 1 6  

H is to lo g y  a s s a y  (Ve n ta n a ) ;  c u tp o in t  fo r  p o s it iv ity  =  7 0 % . cF o llo w in g  a  lo a d in g  d o s e  o f  4 0 0  m g /m 2.

Pembrolizumab 200 mg +
Carboplatin AUC 5 OR 
Cisplatin 100 mg/m2 + 

5-FU 1000 mg/m2/d for 4 days
for 6 cycles (each 3 wk)

Pembrolizumab 
200 mg Q3W 

for up to 
35 cycles total

Key Eligibility Criteria
• SCC of the oropharynx, 

oral cavity, hypopharynx, 
or larynx 

• R/M disease incurable by 
local therapies

• ECOG PS 0 or 1
• Tissue sample for PD-L1 

assessmenta

• Known p16 status in the 
oropharynxb

Pem brolizum ab
M onotherapy

Pem brolizum ab
+ Chem otherapy

EXT R EM E

D a ta  cu to ff d a te : Ju n  1 3 , 2 0 1 8 .

Events HR (95% CI) P
Pembro alone 62% 0.61 (0.45-0.83) 0.0007
EXTREME 78%

Median (95% CI)
14.9 mo (11.6-21.5)
10.7 mo (8.8-12.8)
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D a ta  cu to ff d a te : Ju n  1 3 , 2 0 1 8 .

Events HR (95% CI) P

Pembro 86% 0.99 

(0.75-1.29)

0.5

EXTREME 91%

CPS ≥20 CPS ≥1

Median (95% CI)

3.4 mo (3.2-3.8)

5.0 mo (4.8-6.2)

12-mo rate

22.9%

12.4%

24-mo rate

14.9%

4.8%
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Events HR (95% CI)

Pembro 88% 1.16 

(0.96-1.39)

EXTREME 91%

Median (95% CI)

3.2 mo (2.2-3.4)

5.0 mo (4.8-5.8)

12-mo rate

19.6%

11.9%

24-mo rate

11.2%

5.4%

Confirmed Response, 

n (%)

Pembro

N = 133

EXTREME

N = 122

ORR 31 (23.3) 44 (36.1)

CR 10 (7.5) 4 (3.3)
PR 21 (15.8) 40 (32.8)
SD 40 (30.1) 42 (34.4)
PD 42 (31.6) 13 (10.7)
Non-CR/non-PDa 8 (6.0) 6 (4.9)
Not evaluable or assessedb 12 (9.0) 17 (13.9)

CPS ≥20 CPS ≥1
Confirmed Response, 

n (%)

Pembro

N = 257

EXTREME

N = 255

ORR 49 (19.1) 89 (34.9)

CR 14 (5.4) 7 (2.7)
PR 35 (13.6) 82 (32.2)
SD 72 (28.0) 83 (32.5)
PD 100 (38.9) 34 (13.3)
Non-CR/non-PDa 11 (4.3) 11 (4.3)
Not evaluable or assessedb 25 (9.7) 38 (14.9)
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Treatment-Related AEs With Incidence ≥15%, 
P vs E, Total Population
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Median (range) treatment duration was 3.5 mo (0.03-24.2) for pembrolizumab and 4.9 mo (0.03-35.3) for EXTREME.
aAutoinflammatory disease, disseminated intravascular coagulation, and pneumonitis (n=1 each). 
bPneumonia (n=3), sepsis (n=2), and hypoxia, osteomyelitis, and pulmonary artery thrombosis (n=1 each). Data cutoff date: Jun 13, 2018.
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1-2
Grade

3-5
Pembrolizumab

EXTREME

Pembro EXTREME
Any grade 58.3% 96.9%

Grade 3-5 16.7% 69.0%

Led to death 1.0%a 2.8%b

Led to discontinuation 4.7% 19.9%

Immune-Mediated AEs and Infusion Reactions, 
P vs E, Total Population
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aPneumonitis (n=1).
Considered regardless of attribution to treatment or immune relatedness by the investigator. Related terms included in addition to preferred terms listed. Data cutoff date: Jun 13, 2018.
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1-2
Grade

3-5
Pembrolizumab

EXTREME

Hep
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tis
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s

Pembro EXTREME
Any grade 30.3% 23.7%
Grade 3-5 6.7% 10.5%
Led to death 0.3%a 0
Led to discontinuation 2.3% 6.6%

Pembrolizumab 200 mg Q3W 

for up to 35 cycles

Cetuximab 250 mg/m2 Q1Wc +
Carboplatin AUC 5 OR 
Cisplatin 100 mg/m2 + 

5-FU 1000 mg/m2/d for 4 days
for 6 cycles (each 3 wk)

R 
1:1:1

Cetuximab 
250 mg/m2 Q1W

Stratification Factors
• PD-L1 expressiona

(TPS ≥50% vs <50%)
• p16 status in oropharynx

(positive vs negative)
• ECOG performance status

(0 vs 1)

aA s s e s s e d  u s in g  th e  P D -L 1  IH C  2 2 C 3  p h a rm D x  a s s a y  (A g ile n t) .  T P S  =  tu m o r p ro p o r t io n  s c o re  =  %  o f  tu m o r c e lls  w ith  m e m b ra n o u s  P D -L 1 e x p re s s io n .  bA s s e s s e d  u s in g  th e  C IN te c  p 1 6  
H is to lo g y  a s s a y  (Ve n ta n a ) ;  c u tp o in t  fo r  p o s it iv ity  =  7 0 % . cF o llo w in g  a  lo a d in g  d o s e  o f  4 0 0  m g /m 2.

Pembrolizumab 200 mg +
Carboplatin AUC 5 OR 
Cisplatin 100 mg/m2 + 

5-FU 1000 mg/m2/d for 4 days
for 6 cycles (each 3 wk)

Pembrolizumab 
200 mg Q3W 

for up to 
35 cycles total

Key Eligibility Criteria
• SCC of the oropharynx, 

oral cavity, hypopharynx, 
or larynx 

• R/M disease incurable by 
local therapies

• ECOG PS 0 or 1
• Tissue sample for PD-L1 

assessmenta

• Known p16 status in the 
oropharynxb

Pem brolizum ab
M onotherapy

Pem brolizum ab
+ Chem otherapy

EXT R EM E
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D a ta  cu to ff d a te : Ju n  1 3 , 2 0 1 8 .

Events HR (95% CI) P
Pembro + Chemo 70% 0.77 

(0.63-0.93)
0.0034

EXTREME 80%

Median (95% CI)
13.0 mo (10.9-14.7)
10.7 mo (9.3-11.7)

12-mo rate
53.0%
43.9%

24-mo rate
29.0%
18.7%
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P ro g re ss io n -fre e  su rv iva l a sse sse d  p e r R E C IS T  v1 .1  b y  b lin d e d , in d e p e n d e n t ce n tra l ra d io lo g ic  re v ie w . 
D a ta  cu to ff d a te : Ju n  1 3 , 2 0 1 8 .

Events HR (95% CI) P
Pembro + Chemo 87% 0.92 

(0.77-1.10)
0.2

EXTREME 91%

Median (95% CI)
4.9 mo (4.7-6.0)
5.1 mo (4.9-6.0)

12-mo rate
16.7%
12.1%

24-mo rate
9.8%
4.6%

0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0
0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

1 0 0

M o n th s

O
n

g
o

in
g

 R
e

s
p

o
n

s
e

, 
 %

N o .  a t  R is k
1 0 0 6 2 2 9 1 3 1
1 0 1 3 8 1 4 6 0

3
1

0
0

2 0
1 1

0
0

�
a Patients without measurable disease per central review at baseline who did not have CR or PD. b Patients who did not have a post-baseline imaging assessment evaluable for response or who did not have post-baseline 
imaging. Response assessed per RECIST v1.1 by blinded, independent central radiologic review. Data cutoff date: Jun 13, 2018.

Confirmed 
Response, 
n (%)

Pembro + 
Chemo
N = 281

EXTREME
N = 278

ORR 100 (35.6) 101 (36.3)

CR 17 (6.0) 8 (2.9)
PR 83 (29.5) 93 (33.5)
SD 78 (27.8) 94 (33.8)
PD 48 (17.1) 34 (12.2)
Non-CR/non-PDa 13 (4.6) 9 (3.2)
Not evaluable or 
assessedb 42 (14.9) 40 (14.4)

Duration of Response

Median (range)
P+C: 6.7 mo (1.6+ to 30.4+)
E:      4.3 mo (1.2+ to 27.9+)

Treatment-Related AEs With Incidence ≥15%, 
P+C vs E, Total Population
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Median (range) treatment duration was 5.8 mo (0.1-24.2) for pembrolizumab + chemotherapy and 4.9 mo (0.03-35.3) for EXTREME.
aSeptic shock (n=5) and cerebral ischemia, hemorrhage, interstitial lung disease, sepsis, and tumor hemorrhage (n=1 each). 
bPneumonia (n=3), sepsis (n=2), and hypoxia, osteomyelitis, and pulmonary artery thrombosis (n=1 each). Data cutoff date: Jun 13, 2018.
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1-2
Grade

3-5
Pembro + chemo

EXTREME

Pembro + 
Chemo

EXTREME

Any grade 95.3% 96.9%
Grade 3-5 71.0% 69.0%
Led to death 3.6%a 2.8%b

Led to discontinuation 22.8% 19.9%

Immune-Mediated AEs and Infusion Reactions, 
P+C vs E, Total Population
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aPneumonitis (n=1).
Considered regardless of attribution to treatment or immune relatedness by the investigator. Related terms included in addition to preferred terms listed. Data cutoff date: Jun 13, 2018.
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Grade
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Pembro + chemo

EXTREME

Pembro + 
Chemo

EXTREME

Any grade 25.7% 23.7%
Grade 3-5 4.7% 10.5%
Led to death 0.4%a 0
Led to discontinuation 2.9% 6.6%
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� Pembrolizumab vs EXTREME, CPS >20% and >1 %
� OS: Pembrolizumab > EXTREME
� PFS: Pembrolizumab = EXTREME
� ORR: Pembrolizumab < EXTREME
� Toxicity: Pembrolizumab < EXTREME

� Pembrolizumab+Chemo vs EXTREME (all)
� OS: Pembrolizumab > EXTREME
� PFS: Pembrolizumab = EXTREME
� ORR: Pembrolizumab = EXTREME
� Toxicity: Pembrolizumab = EXTREME

CheckMate-141

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med   nejm.org 1

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr. 
Gillison at the Ohio State University 
Comprehensive Cancer Center, Ohio 
State University, 420 W. 12th Ave., Rm. 
690, Columbus, OH 43210, or at  maura 
. gillison@  osumc . edu.

Drs. Ferris and Gillison contributed equal-
ly to this article.

This article was published on October 9, 
2016, at NEJM.org.

DOI: 10.1056/NEJMoa1602252
Copyright © 2016 Massachusetts Medical Society.

BACKGROUND
Patients with recurrent or metastatic squamous-cell carcinoma of the head and 
neck after platinum chemotherapy have a very poor prognosis and limited thera-
peutic options. Nivolumab, an anti–programmed death 1 (PD-1) monoclonal anti-
body, was assessed as treatment for this condition.

METHODS
In this randomized, open-label, phase 3 trial, we assigned, in a 2:1 ratio, 361 patients 
with recurrent squamous-cell carcinoma of the head and neck whose disease had 
progressed within 6 months after platinum-based chemotherapy to receive nivolu-
mab (at a dose of 3 mg per kilogram of body weight) every 2 weeks or standard, 
single-agent systemic therapy (methotrexate, docetaxel, or cetuximab). The pri-
mary end point was overall survival. Additional end points included progression-
free survival, rate of objective response, safety, and patient-reported quality of life.

RESULTS
The median overall survival was 7.5 months (95% confidence interval [CI], 5.5 to 
9.1) in the nivolumab group versus 5.1 months (95% CI, 4.0 to 6.0) in the group 
that received standard therapy. Overall survival was significantly longer with 
nivolumab than with standard therapy (hazard ratio for death, 0.70; 97.73% CI, 
0.51 to 0.96; P = 0.01), and the estimates of the 1-year survival rate were approxi-
mately 19 percentage points higher with nivolumab than with standard therapy 
(36.0% vs. 16.6%). The median progression-free survival was 2.0 months (95% CI, 
1.9 to 2.1) with nivolumab versus 2.3 months (95% CI, 1.9 to 3.1) with standard 
therapy (hazard ratio for disease progression or death, 0.89; 95% CI, 0.70 to 1.13; 
P = 0.32). The rate of progression-free survival at 6 months was 19.7% with 
nivolumab versus 9.9% with standard therapy. The response rate was 13.3% in the 
nivolumab group versus 5.8% in the standard-therapy group. Treatment-related 
adverse events of grade 3 or 4 occurred in 13.1% of the patients in the nivolumab 
group versus 35.1% of those in the standard-therapy group. Physical, role, and 
social functioning was stable in the nivolumab group, whereas it was meaning-
fully worse in the standard-therapy group.

CONCLUSIONS
Among patients with platinum-refractory, recurrent squamous-cell carcinoma of 
the head and neck, treatment with nivolumab resulted in longer overall survival 
than treatment with standard, single-agent therapy. (Funded by Bristol-Myers 
Squibb; CheckMate 141 ClinicalTrials.gov number, NCT02105636.)
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Phase 3 CheckMate 141 Study Design
Nivolumab in R/M SCCHN After Platinum Therapy

R
2:1

Nivolumab 
3 mg/kg IV Q2W

Investigator’s Choice 
• Methotrexate 40 mg/m² 

IV weekly

• Docetaxel 30 mg/m² IV 

weekly

• Cetuximab 400 mg/m² IV 

once, then 250 mg/m² 

weekly

Key Eligibility Criteria

• R/M SCCHN of the oral cavity, 

pharynx, or larynx

• Progression on or within 6 months of 

last dose of platinum-based therapy

• Irrespective of no. of prior lines of 

therapy

• Documentation of p16 to determine 

HPV status (oropharyngeal)

• Regardless of PD-L1 statusa

Stratification factor
• Prior cetuximab treatment

DOR = duration of response; IV = intravenous; ORR = objective response rate; PFS = progression-free survival; Q2W = once every 2 weeks; R = randomized. Clinicaltrials.gov NCT02105636. 

Primary endpoint
• OS

Other endpoints
• PFS

• ORR

• Safety

• DOR

• Biomarkers

• Quality of life

Randomized, global, phase 3 trial of the efficacy and safety of nivolumab vs investigator’s choice in patients with R/M SCCHN

aTissue required for testing Ferris RL, et al. NEJM 2016

n engl j med   nejm.org 5

Nivolumab for Recurrent Carcinoma of Head and Neck

Characteristic
Nivolumab 
(N = 240)

Standard Therapy 
(N = 121)

Total 
(N = 361)

Age

Median (range) — yr 59 (29–83) 61 (28–78) 60 (28–83)

≥75 yr — no. (%) 12 (5.0) 6 (5.0) 18 (5.0)

Male sex — no. (%) 197 (82.1) 103 (85.1) 300 (83.1)

Race — no. (%)†

White 196 (81.7) 104 (86.0) 300 (83.1)

Asian 29 (12.1) 14 (11.6) 43 (11.9)

Black 10 (4.2) 3 (2.5) 13 (3.6)

Other 5 (2.1) 0 5 (1.4)

Smoking or tobacco use — no. (%)

Current or former 191 (79.6) 85 (70.2) 276 (76.5)

Never 39 (16.2) 31 (25.6) 70 (19.4)

Not reported 10 (4.2) 5 (4.1) 15 (4.2)

ECOG performance-status score — no. (%)‡

0 49 (20.4) 23 (19.0) 72 (19.9)

1 189 (78.8) 94 (77.7) 283 (78.4)

≥2 1 (0.4) 3 (2.5) 4 (1.1)

Not reported 1 (0.4) 1 (0.8) 2 (0.6)

Site of primary tumor — no. (%)

Larynx 34 (14.2) 15 (12.4) 49 (13.6)

Oral cavity 108 (45.0) 67 (55.4) 175 (48.5)

Pharynx 92 (38.3) 36 (29.8) 128 (35.5)

Other§ 6 (2.5) 3 (2.5) 9 (2.5)

No. of previous lines of systemic cancer  
therapy — no. (%)¶

1 106 (44.2) 58 (47.9) 164 (45.4)

2 80 (33.3) 45 (37.2) 125 (34.6)

≥3 54 (22.5) 18 (14.9) 72 (19.9)

Context of previous systemic therapy  
regimen — no. (%)∥

Adjuvant therapy 37 (15.4) 21 (17.4) 58 (16.1)

Neoadjuvant therapy 17 (7.1) 16 (13.2) 33 (9.1)

Primary disease 173 (72.1) 83 (68.6) 256 (70.9)

Metastatic disease 112 (46.7) 59 (48.8) 171 (47.4)

Previous receipt of cetuximab — no. (%) 150 (62.5) 72 (59.5) 222 (61.5)

*  There were no significant (P<0.05) between-group differences in the characteristics listed here, except for smoking 
(P = 0.047). Percentages may not total 100 because of rounding.

†  Race was self-reported.
‡  Eastern Cooperative Oncology Group (ECOG) performance status is scored on a scale from 0 to 5, with higher num-

bers indicating greater disability.
§  The “Other” category included patients with a tumor in more than one of the categories (i.e., larynx, oral cavity, or 

pharynx).
¶  A line of systemic chemotherapy was defined as any chemotherapy that was administered as part of primary therapy for 

squamous-cell carcinoma of the head and neck (e.g., induction or concurrent chemoradiotherapy) or any single-agent 
or multiple-agent chemotherapy regimen that was administered after a diagnosis of recurrent squamous-cell carcinoma 
of the head and neck.

∥  Patients may have received previous systemic therapy in more than one context.

Table 1. Characteristics at Baseline and Previous Therapy.*
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Median PFS, 
mo (95% CI)

HR
(95% CI) P-value

Nivolumab (n = 240) 2.0 (1.9, 2.1) 0.89 
(0.70, 1.1) 0.3236

Investigator’s Choice (n = 121) 2.3 (1.9, 3.1)

6-month PFS rate (95% CI)
19.7% (14.6, 25.4)

9.9% (5.0, 16.9)
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Supplementary Appendix). Analyses were limited 
to data collected through week 15 owing to a low 
number of responses to the questionnaires in 
the standard-therapy group after that time point 
(Table S8 in the Supplementary Appendix). Pa-
tients in the standard-therapy group reported 
clinically meaningful worsening of physical, role, 
and social functioning (as assessed by means of 
the QLQ-C30), as well as of pain, sensory prob-
lems, and social-contact problems (as assessed by 
means of the QLQ-H&N35). Conversely, among 
patients treated with nivolumab, these measures 
remained nearly stable or showed slight improve-
ments. P values showed significant between-
group differences at both week 9 and week 15 for 
most comparisons (Fig. 2C). Additional patient-
reported outcome data, including health prob-
lems and evaluations of health as measured by 
the EQ-5D-3L questionnaire, are provided in Table 
S9 in the Supplementary Appendix.

Discussion

Among patients with recurrent squamous-cell 
carcinoma of the head and neck who had disease 
progression after platinum-based chemotherapy, 
treatment with nivolumab resulted in signifi-
cantly longer survival than treatment with stan-
dard therapy. Patients who were treated with 
nivolumab had stability in several measures of 
quality of life, whereas the patients who received 
standard therapy had declines in these measures.

Our exploratory biomarker analysis indicated 
that patients who were treated with nivolumab 
appeared to have longer overall survival than those 
treated with standard therapy, regardless of tumor 
PD-L1 expression or p16 status. Although we 
observed preliminary evidence that patients with 
a tumor PD-L1 expression level of 1% or more or 
p16-positive tumors (or both) may have a greater 
magnitude of effect from nivolumab therapy 

Event Nivolumab (N = 236) Standard Therapy (N = 111)

Any Grade Grade 3 or 4 Any Grade Grade 3 or 4

number of patients (percent)

Any event 139 (58.9)* 31 (13.1) 86 (77.5)† 39 (35.1)

Fatigue 33 (14.0) 5 (2.1) 19 (17.1) 3 (2.7)

Nausea 20 (8.5) 0 23 (20.7) 1 (0.9)

Rash 18 (7.6) 0 5 (4.5) 1 (0.9)

Decreased appetite 17 (7.2) 0 8 (7.2) 0

Pruritus 17 (7.2) 0 0 0

Diarrhea 16 (6.8) 0 15 (13.5) 2 (1.8)

Anemia 12 (5.1) 3 (1.3) 18 (16.2) 5 (4.5)

Asthenia 10 (4.2) 1 (0.4) 16 (14.4) 2 (1.8)

Vomiting 8 (3.4) 0 8 (7.2) 0

Dry skin 7 (3.0) 0 10 (9.0) 0

Stomatitis 5 (2.1) 1 (0.4) 10 (9.0) 3 (2.7)

Weight loss 4 (1.7) 0 6 (5.4) 0

Mucosal inflammation 3 (1.3) 0 14 (12.6) 2 (1.8)

Peripheral neuropathy 1 (0.4) 0 7 (6.3) 0

Alopecia 0 0 14 (12.6) 3 (2.7)

Neutropenia 0 0 9 (8.1) 8 (7.2)

*  Data include one patient with a grade 5 event of hypercalcemia and one patient with grade 3 pneumonitis who subse-
quently died of a grade 5 pulmonary embolism.

†  Data include one patient with a grade 5 event of lung infection.

Table 3. Treatment-Related Adverse Events Occurring in at Least 5% of the Patients in Either Group.
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A B S T R A C T

Objectives: We report 2-year results from CheckMate 141 to establish the long-term efficacy and safety profile of
nivolumab and outcomes by tumor PD-L1 expression in patients with recurrent or metastatic (R/M),platinum-
refractory squamous cell carcinoma of the head and neck (SCCHN).
Methods: Patients with R/M SCCHN with tumor progression/recurrence within 6months of platinum therapy
were randomized 2:1 to nivolumab 3mg/kg every 2 weeks or investigator’s choice (IC). Primary endpoint:
overall survival (OS). Data cutoff: September 2017.
Results: With 24.2months’ minimum follow-up, nivolumab (n=240) continued to improve OS vs IC (n= 121),
hazard ratio (HR)= 0.68 (95% CI 0.54–0.86). Nivolumab nearly tripled the estimated 24-month OS rate
(16.9%) vs IC (6.0%), and demonstrated OS benefit across patients with tumor PD-L1 expression≥1% (HR [95%
CI]= 0.55 [0.39–0.78]) and < 1% (HR [95% CI]=0.73 [0.49–1.09]), and regardless of tumor HPV status.
Estimated OS rates at 18, 24, and 30months with nivolumab were consistent irrespective of PD-L1 expression
(< 1%/≥1%). In the nivolumab arm, there were no observed differences in baseline characteristics or safety
profile between long-term survivors and the overall population. Grade 3–4 treatment-related adverse event rates
were 15.3% and 36.9% for nivolumab and IC, respectively.
Conclusion: Nivolumab significantly improved OS at the primary analysis and demonstrated prolonged OS
benefit vs IC and maintenance of a manageable and consistent safety profile with 2-year follow-up. OS benefit

https://doi.org/10.1016/j.oraloncology.2018.04.008
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analysis, 8 (3.4%) patients remained on treatment in the nivolumab
arm compared with 0 in the IC arm (Supplementary Table 1 and Sup-
plementary Fig. 1). Sixteen patients in the nivolumab arm discontinued
treatment between 1 and 2 years, most commonly due to disease pro-
gression (n=8); 2 patients discontinued nivolumab therapy after
2 years (1 each due to adverse events unrelated to study drug and pa-
tient request). No patient discontinued nivolumab therapy after 2 years
due to disease progression or treatment-related toxicity. The median
(range) duration of treatment was 1.9 (0 to 36+) months for nivolumab
and 1.9 (0 to 13) months for IC. After treatment discontinuation, 5.3%
of patients in the nivolumab arm and 10.1% of patients in the IC arm
received subsequent immunotherapy (nivolumab, pembrolizumab,
durvalumab, or urelumab) (Supplementary Table 2).

Efficacy in overall study population

Consistent with the primary analysis, nivolumab demonstrated
sustained OS benefit compared with IC, with a 32% reduction in risk of
death; HR=0.68 (95% CI 0.54–0.86) with long-term follow-up
(minimum 24.2 months). Median (95% CI) OS was 7.7 (5.7–8.8)
months in the nivolumab arm and 5.1 (4.0–6.2) months in the IC arm
(Fig. 1). The Kaplan-Meier–estimated 24-month OS rate with nivo-
lumab (16.9% [95% CI 12.4%–22.0%]) was nearly triple that of IC
(6.0% [95% CI 2.7%–11.3%]). The estimates of the HR for death among
prespecified demographic and clinical subgroups, including age,
Eastern Cooperative Oncology Group (ECOG) performance status,
tumor site, and prior lines of systemic therapy, were generally con-
sistent with the ITT population, favoring nivolumab (Supplementary
Fig. 2). With longer follow-up, PFS (HR=0.87 [95% CI 0.68–1.11])
was similar to previous analyses [8,10].

The ORR was unchanged from previous analyses (Table 2) [8,10]. In
the nivolumab arm, 7 complete responses were observed, including 1
patient who had a partial response at the previous analysis, but since
then converted to a complete response. The median (range) time to
response remained unchanged in both treatment arms from previous

follow-ups, 2.1 (1.8 to 7.4) months for nivolumab vs 2.0 (1.9 to 4.6)
months for IC [8]. The median (range) duration of response with ni-
volumab treatment was more than double that with IC (9.7 [2.8 to
32.8+] vs 4.0 [1.5+ to 11.3]).

Tumor PD-L1 expression and HPV status

OS benefit with nivolumab vs IC was demonstrated across PD-L1
expressors and non-expressors (Fig. 2). With long-term follow-up, ni-
volumab continued to provide OS benefit in PD-L1 expressors, with a
consistent 45% reduction in the risk of death compared with IC
(HR=0.55 [95% CI 0.39–0.78]) (Fig. 2A). In PD-L1 non-expressors,
nivolumab demonstrated a 27% reduction in the risk of death compared
with IC (HR=0.73 [95% CI 0.49–1.09] (Fig. 2B). For these patients,
HR (95% CI) trended lower as follow-up time increased: 0.83
(0.54–1.29) and 0.89 (0.54–1.45) at the 1-year (September 2016 data
cutoff, Supplementary Fig. 3A) and primary analysis (December 2015
data cutoff, Supplementary Fig. 3B) [8], respectively. Kaplan-Meier
estimated OS rates with nivolumab were consistent between PD-L1
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Fig. 1. Overall survival (OS) with a minimum follow-up of 24.2 months (intent-to-treat population). Symbols represent censored observations; dotted lines indicate
OS rate time points. CI, confidence interval; HR, hazard ratio; IC, investigator’s choice; Nivo, nivolumab.

Table 2
Best overall response.

Nivolumab
(n= 240)

IC (n= 121)

Best overall response, n (%)
Complete response 7 (2.9) 1 (0.8)
Partial response 25 (10.4) 6 (5.0)
Stable disease 55 (22.9) 43 (35.5)
Progressive disease 99 (41.3) 42 (34.7)
Unable to determine 54 (22.5) 29 (24.0)

ORR,% (95% CI) 13.3 (9.3–18.3) 5.8 (2.4–11.6)
Time to response, median (range), mo 2.1 (1.8–7.4) 2.0 (1.9–4.6)
Duration of response, median (range), mo 9.7 (2.8 to 32.8+) 4.0 (1.5+ to 11.3)

CI, confidence interval; IC, investigator’s choice; ORR, objective response rate.
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a b s t r a c t

Objectives: To assess efficacy and safety of nivolumab versus investigator’s choice of therapy (IC) in Asian
patients with platinum-refractory recurrent or metastatic squamous cell carcinoma of the head and neck
(SCCHN).
Materials and methods: Thirty-four patients from Japan, Taiwan, Hong Kong, and Korea received nivolu-
mab 3 mg/kg (n = 23) every 2 weeks or IC (n = 11), as part of a global trial (n = 361), until intolerable tox-
icity or disease progression. The primary endpoint was overall survival (OS).
Results: Median OS was 9.5 months (95% confidence interval [CI] 9.1–NR) with nivolumab and
6.2 months (95% CI 2.6–NR) with IC. Seven (30.4%) patients receiving nivolumab and six (54.5%) receiving
IC died. The hazard ratio (HR) for risk of death (nivolumab vs. IC) was 0.50 (95% CI 0.17–1.48). Median
progression-free survival was 1.9 months (95% CI 1.6–7.5) with nivolumab and 1.8 months (95% CI
0.4–6.1) with IC (HR 0.57 [95% CI 0.25–1.33]). Objective response rates (complete + partial responses)
were 26.1% (6/23 patients; 95% CI 10.2–48.4) for nivolumab and 0% (0/11 patients; 95% CI 0.0–28.5)
for IC. Sixteen (69.6%) nivolumab-treated patients and 10 (90.9%) patients receiving IC had a

http://dx.doi.org/10.1016/j.oraloncology.2017.07.023
1368-8375/! 2017 The Authors. 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/).

Abbreviations: AE, adverse event; CI, confidence interval; ECOG, Eastern cooperative oncology group; EORTC, European Organization for Research and Treatment of
Cancer; HPV, human papilloma virus; HR, hazard ratio; IC, investigator’s choice of therapy; IVRS, interactive voice response system; NR, not reached; ORR, objective response
rate; OS, overall survival; PD-1, programmed death-1; PD-L1, programmed death ligand; PFS, progression-free survival; PRO, patient-reported outcomes; RECIST, Response
Evaluation Criteria in Solid Tumors; R/M, recurrent or metastatic; SCCHN, squamous cell carcinoma of the head and neck.
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was observed with nivolumab irrespective of PD-L1 expression and HPV status. (Clinicaltrials.gov:
NCT02105636)

Introduction

Squamous cell carcinoma of the head and neck (SCCHN) includes
neoplasms in the oral cavity, pharynx, and larynx, and accounts for
90% of all head and neck cancers [1–3]. Patients with recurrent/me-
tastatic (R/M) SCCHN who progress within 6months after platinum-
based therapy have poor long-term prognosis and limited treatment
options, with a median overall survival (OS) of ≤6months [4,5]. In
2016, nivolumab was approved in the United States for the treatment of
this patient population, with European approval following in 2017
[6,7].

CheckMate 141 evaluated the efficacy, safety, and patient-reported
quality of life of nivolumab monotherapy vs standard single agent of
investigator’s choice (IC) in patients with R/M SCCHN who experienced
tumor progression or recurrence within 6months of platinum-based
therapy administered in the adjuvant, primary (ie, with radiation), re-
current, or metastatic setting [8,9]. Nivolumab is the only im-
munotherapy to significantly improve OS at the primary analysis in this
patient population, hazard ratio (HR) vs IC= 0.70 (97.73% confidence
interval [CI] 0.51–0.96); p= 0.01 [8]. With 1-year follow-up, nivo-
lumab continued to improve OS compared with IC; HR=0.71 (95%
confidence interval [CI]: 0.55, 0.90) [10]. The Kaplan-Meier–estimated
18-month OS rate with nivolumab was nearly triple that with IC (21.5%
vs 8.3%). The objective response rate (ORR) with nivolumab was more
than twice that of IC (13.3% vs 5.8%). The safety profile of nivolumab
was manageable, with fewer grade 3–4 treatment-related adverse
events (TRAEs) compared with IC. Nivolumab also stabilized quality-of-
life measures, whereas clinically meaningful deterioration was ob-
served with IC [9]. Here, we report long-term (2-year) follow-up of
CheckMate 141 in the overall population, as well as in subgroups de-
fined by baseline tumor programmed death ligand 1 (PD-L1) expression
and human papillomavirus (HPV) status.

Patients and methods

Study design and patients

CheckMate 141 is a randomized, open-label, phase 3 trial
(NCT02105636), the detailed study design of which has been described
previously [8]. Briefly, eligible patients were 18 years of age or older,
had histologically confirmed R/M SCCHN of the oral cavity, or-
opharynx, hypopharynx, or larynx, and had tumor progression on or
within 6months after the last dose of platinum-based chemotherapy
administered in the locally advanced, recurrent, or metastatic disease
setting. Patients were randomized 2:1, stratified by prior cetuximab
treatment, to receive nivolumab (3mg/kg every 2 weeks) or standard
single agent of IC (methotrexate 40–60mg/m2 weekly, docetaxel
30–40mg/m2 weekly, or cetuximab 400mg/m2 once, then 250mg/m2

weekly). Treatment continued until tumor progression or unacceptable
toxicity. Patients in the nivolumab arm were allowed to continue ni-
volumab treatment beyond tumor progression if they met predefined,
protocol-specified criteria [11].

CheckMate 141 was conducted in accordance with the ethical
principles in the Declaration of Helsinki. All patients provided written
informed consent prior to enrollment. The study was approved by the
institutional review board or independent ethics committee at each
center and was conducted in accordance with Good Clinical Practice
guidelines defined by the International Conference on Harmonisation.

Outcomes

The primary endpoint was OS, defined as the time from randomi-
zation to death due to any cause. Secondary endpoints included pro-
gression-free survival (PFS) and ORR. Tumor responses were evaluated
every 6 weeks from week 9 until progression or treatment dis-
continuation using Response Evaluation Criteria In Solid Tumors
(RECIST) v1.1 [12]. Safety was evaluated using the Common Termi-
nology Criteria for Adverse Events, version 4.0. Adverse events with
potential immunologic cause were classified as select adverse events.

Exploratory biomarker analyses

Fresh or archival pretreatment tumor specimens were obtained after
the last therapy and prior to trial entry. Tumor PD-L1 membrane ex-
pression was evaluated centrally by immunohistochemical testing using
the Dako PD-L1 IHC 28-8 pharmDx assay in a minimum of 100 evalu-
able tumor cells. Patients were defined as PD-L1 expressors if their
tumor had ≥1% PD-L1 expression and non-expressors if their tumor
had< 1% PD-L1 expression. Documented tumor HPV status, assessed
by p16 immunohistochemical testing by local or central analysis, was
required for patients with oropharyngeal cancer. Tumors were defined
as HPV positive if diffuse staining was present in at least 70% of tumor
cells.

Statistical analyses

The current analyses are based on a September 2017 data cutoff,
representing a minimum follow-up of 24.2months. Efficacy analyses
were conducted in all randomized patients (intent-to-treat [ITT] po-
pulation), and safety analyses were conducted in all treated patients.

OS and PFS were assessed using the Kaplan-Meier method, and HRs
and corresponding 2-sided 95% CIs were estimated using a Cox pro-
portional hazards model. A generalization of the Brookmeyer and
Crowley method was used to compute CIs for median survival times,
and a 2-sided Cochran-Mantel-Haenszel test was used to compute the
odds ratio and associated CIs for tumor response.

Results

Patients

Baseline characteristics of the 361 randomized patients have been
described previously [8]. Compared with the primary analysis [8],
baseline tumor PD-L1 expression and HPV status were quantifiable in
15 and 8 additional patients, respectively (Table 1). At the time of this

Table 1
Baseline tumor PD-L1 expression and HPV status.

Patients, n (%) Nivolumab (n=240) IC (n= 121)

Tumor PD-L1 expression
Non-expressors (< 1%) 76 (31.7) 40 (33.1)
Expressors (≥1%) 96 (40.0) 63 (52.1)
Not quantifiable 68 (28.3) 18 (14.9)

Tumor HPV status
Positive 64 (26.7) 29 (24.0)
Negative 56 (23.3) 37 (30.6)
Unknown/not reported 120 (50.0) 55 (45.5)

IC, investigator’s choice; HPV, human papillomavirus; PD-L1, programmed
death ligand 1.

R.L. Ferris et al. 2UDO�2QFRORJ\�������������²��

��

expressors and non-expressors at 18 (24.0% and 26.2%, respectively),
24 (18.5% and 20.7%), and 30 (13.7% and 11.2%) months (Fig. 2).
Median PFS for nivolumab was similar across PD-L1 subgroups and was
not differentiated from IC in either subgroup, 2.1 (95% CI 2.0–3.4)
months and 2.0 (95% CI 1.9–2.1) months in PD-L1 expressors and non-
expressors, respectively, in the nivolumab arm, and 2.0 (95% CI
1.9–3.1) months and 2.7 (95% CI 2.0–4.6) months in PD-L1 expressors
and non-expressors in the IC arm. The HR for PFS was 0.59 (95% CI
0.41–0.84) in PD-L1 expressors and 1.13 (95% CI 0.75–1.71) in PD-L1
non-expressors. Nivolumab improved ORR compared with IC in PD-L1
expressors; ORR was similar across treatment arms in PD-L1 non-ex-
pressors (Supplementary Table 3). Complete responses were observed
across PD-L1 expressors (n=2), non-expressors (n=2), and PD-L1
non-quantifiable (n=3).

OS benefit with nivolumab was observed in both patients with HPV-
positive and HPV-negative tumors, and benefit was maintained with
long-term (2-year) follow-up (Fig. 3). Nivolumab demonstrated ap-
proximately 40% reduction in the risk of death compared with IC in
both the HPV-positive subgroup (HR=0.60 [95% CI 0.37–0.97]) as
well as the HPV-negative subgroup (HR=0.59 [95% CI 0.38–0.92]).
Nivolumab improved ORR compared with IC in patients with HPV-

positive tumors; ORR was similar across treatment arms in patients with
HPV-negative tumors (Supplementary Table 3).

Overall survival was further analyzed in subgroups defined ac-
cording to both tumor HPV status and PD-L1 expression
(Supplementary Fig. 4). Nivolumab prolonged median OS vs IC in each
of the 4 subgroups, with the greatest benefit (HR=0.39 [95% CI
0.18–0.81]) found among PD-L1 expressors with HPV-positive tumors.
The results of this analysis should be interpreted with caution, as
sample sizes and power were limited.

Safety

Among all treated patients (n=347), nivolumab demonstrated a
favorable safety profile compared with IC with long-term follow-up.
The safety profile remained manageable and consistent with previous
analyses [8,10], with fewer grade 3–4 TRAEs in the nivolumab arm
compared with the IC arm (Table 3). Most grade 3–4 TRAEs occurred
within the first 6 months of initiating treatment; 19.5%, 2.5%, and 1.7%
of patients in the nivolumab arm experienced grade 3–4 TRAEs within
the first 6 months, between 6 and 12months, and at or after 12months
of initiating study treatment, respectively. There were 6 patients with
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a b s t r a c t

Objectives: To assess efficacy and safety of nivolumab versus investigator’s choice of therapy (IC) in Asian
patients with platinum-refractory recurrent or metastatic squamous cell carcinoma of the head and neck
(SCCHN).
Materials and methods: Thirty-four patients from Japan, Taiwan, Hong Kong, and Korea received nivolu-
mab 3 mg/kg (n = 23) every 2 weeks or IC (n = 11), as part of a global trial (n = 361), until intolerable tox-
icity or disease progression. The primary endpoint was overall survival (OS).
Results: Median OS was 9.5 months (95% confidence interval [CI] 9.1–NR) with nivolumab and
6.2 months (95% CI 2.6–NR) with IC. Seven (30.4%) patients receiving nivolumab and six (54.5%) receiving
IC died. The hazard ratio (HR) for risk of death (nivolumab vs. IC) was 0.50 (95% CI 0.17–1.48). Median
progression-free survival was 1.9 months (95% CI 1.6–7.5) with nivolumab and 1.8 months (95% CI
0.4–6.1) with IC (HR 0.57 [95% CI 0.25–1.33]). Objective response rates (complete + partial responses)
were 26.1% (6/23 patients; 95% CI 10.2–48.4) for nivolumab and 0% (0/11 patients; 95% CI 0.0–28.5)
for IC. Sixteen (69.6%) nivolumab-treated patients and 10 (90.9%) patients receiving IC had a
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rate; OS, overall survival; PD-1, programmed death-1; PD-L1, programmed death ligand; PFS, progression-free survival; PRO, patient-reported outcomes; RECIST, Response
Evaluation Criteria in Solid Tumors; R/M, recurrent or metastatic; SCCHN, squamous cell carcinoma of the head and neck.
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Additional or exploratory endpoints were time to response,
associations between PD-L1 expression and OS, safety, and quality
of life.

Biomarker analysis

Biomarker analysis was conducted as described previously [30].
Briefly, tumor HPV status, assessed using p16 immunohistochem-
ical testing, was conducted in pretreatment tumor specimens from
patients with oropharyngeal cancer. This was considered positive if
diffuse staining was present in at least 70% of the tumor cells [31].
Tumor PD-L1 membrane expression was evaluated centrally using
immunohistochemical testing (Agilent Technologies Santa Clara,
CA, USA) using a rabbit antihuman PD-L1 antibody (clone 28–8,
Epitomics, Cambridge, MA, USA) and was scored at prespecified
expression levels, including levels of !1%, !5%, and !10% of at
least 100 evaluable tumor cells [32].

Patient-reported outcomes

Patient-reported outcomes (PROs) were assessed using Euro-
pean Organization for Research and Treatment of Cancer (EORTC)
questionnaires as described previously [30]; namely, the EORTC
Quality of Life Questionnaire–Core 30 module (QLQ-C30), head-
and-neck-specific module (QLQ-H&N35) and the European Quality

of Life Five Dimension Three Level Scale (EQ-5D-3L) questionnaire
and visual analogue scale.

Ethics and study oversight

This study was carried out according to Good Clinical Practice
guidelines, the laws and regulatory requirements of all participat-
ing countries, and the ethical principles that have their origin in
the Declaration of Helsinki. All patients, or their legally acceptable
representatives, provided informed consent prior to entering the
study. The protocol, amendments, and patient informed consent
were approved by the Institutional Review Board/Independent
Ethics Committee at each site prior to study commencement.

Statistical methods

The statistical methodology has been previously described [30].
Demographics and other baseline characteristics, as well as effi-
cacy, were analyzed in the intent-to-treat population. Dosing and
safety were analyzed in patients who received at least one dose
of treatment. OS and PFS were estimated using the Kaplan–Meier
method and compared using log-rank tests stratified by prior
cetuximab treatment (yes/no), as reported in the IVRS. Cox
proportional-hazards models (stratified by prior cetuximab treat-
ment) were used to estimate hazard ratios (HRs) and calculate

Table 1
Baseline characteristics of patients in the global, Asian, and Japanese populations.

Global [30]a Asian Japanese
Nivolumab
(N = 240)

Investigator’s choice
(N = 121)

Nivolumab
(N = 23)

Investigator’s choice
(N = 11)

Nivolumab
(N = 18)

Investigator’s choice
(N = 9)

Age
Median (range), years 59.0 (29–83) 61.0 (28–78) 59.0 (30–72) 62.0 (32–74) 61.0 (30–72) 62.0 (32–74)
!75, n (%) 12 (5.0) 6 (5.0) 0 (0.0) 0 (0.0) 0 0
Male sex, n (%) 197 (82.1) 103 (85.1) 21 (91.3) 10 (90.9) 17 (94.4) 8 (88.9)

Smoking or tobacco use, n (%)
Current or former 191 (79.6) 85 (70.2) 22 (95.7) 10 (90.9) 18 (100.0) 8 (88.9)
Never 39 (16.2) 31 (25.6) 1 (4.3) 1 (9.1) 0 1 (11.1)
Unknown 10 (4.2) 5 (4.1) 0 0 0 0

ECOG performance-status score, n (%)
0 49 (20.4) 23 (19.0) 4 (17.4) 1 (9.1) 2 (11.1) 1 (11.1)
1 189 (78.8) 94 (77.7) 19 (82.6) 10 (90.9) 16 (88.9) 8 (88.9)
Site of primary tumor, n (%)
Oral cavity 108 (45.0) 67 (55.4) 10 (43.5) 6 (54.5) 7 (38.9) 6 (66.7)
Pharynx 92 (38.3) 36 (29.8) 13 (56.5) 5 (45.5) 11 (61.1) 3 (33.3)
Larynx 34 (14.2) 15 (12.4) 0 0 0 0
Otherb 6 (2.5) 3 (2.5) 0 0 0 0

Previous lines of systemic cancer therapy, n (%)
1 106 (44.2) 58 (47.9) 12 (52.2) 6 (54.5) 8 (44.4) 5 (55.6)
2 80 (33.3) 45 (37.2) 5 (21.7) 3 (27.3) 5 (27.8) 2 (22.2)
!3 54 (22.5) 18 (14.9) 6 (26.1) 2 (18.2) 5 (27.8) 2 (22.2)

Context of previous systemic therapy regimen, n (%)c

Adjuvant therapy 37 (15.4) 21 (17.4) 3 (13.0) 2 (18.2) 0 1 (11.1)
Neoadjuvant therapy 17 (7.1) 16 (13.2) 4 (17.4) 4 (36.4) 3 (16.7) 2 (22.2)
Primary disease 173 (72.1) 83 (68.6) 19 (82.6) 8 (72.7) 17 (94.4) 8 (88.9)
Metastatic disease 112 (46.7) 59 (48.8) 9 (39.1) 4 (36.4) 8 (44.4) 3 (33.3)
Previous receipt of cetuximab, n (%) 150 (62.5) 72 (59.5) 13 (56.5) 9 (81.8) 13 (72.2) 9 (100.0)
Previous radiotherapy, n (%) 216 (90.0) 114 (94.2) 20 (87.0) 8 (72.7) 16 (88.9) 6 (66.7)

Investigator’s choice, n (%)
Cetuximab – 15 (12.4) – 1 (9.1) – 0
Methotrexate – 52 (43.0) – 8 (72.7) – 8 (88.9)
Docetaxel – 54 (44.6) – 2 (18.2) – 1 (11.1)
PD-L1 status, n (%)
!1% 88 (36.7) 61 (50.4) 13 (56.5) 8 (72.7) 9 (50.0) 7 (77.8)
<1% 73 (30.4) 38 (31.4) 8 (34.8) 3 (27.3) 7 (38.9) 2 (22.2)
Not tested or not quantifiable 79 (32.9) 22 (18.2) 2 (8.7) 0 (0.0) 2 (11.1) 0

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PD-L1, programmed death ligand 1.
a Global population includes Asian patients.
b The ‘‘Other” category included patients with a tumor in more than one of the categories (i.e., larynx, oral cavity, or pharynx).
c Some patients may have had prior systemic therapy in more than one context.
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Oral cavity 108 (45.0) 67 (55.4) 10 (43.5) 6 (54.5) 7 (38.9) 6 (66.7)
Pharynx 92 (38.3) 36 (29.8) 13 (56.5) 5 (45.5) 11 (61.1) 3 (33.3)
Larynx 34 (14.2) 15 (12.4) 0 0 0 0
Otherb 6 (2.5) 3 (2.5) 0 0 0 0

Previous lines of systemic cancer therapy, n (%)
1 106 (44.2) 58 (47.9) 12 (52.2) 6 (54.5) 8 (44.4) 5 (55.6)
2 80 (33.3) 45 (37.2) 5 (21.7) 3 (27.3) 5 (27.8) 2 (22.2)
!3 54 (22.5) 18 (14.9) 6 (26.1) 2 (18.2) 5 (27.8) 2 (22.2)

Context of previous systemic therapy regimen, n (%)c

Adjuvant therapy 37 (15.4) 21 (17.4) 3 (13.0) 2 (18.2) 0 1 (11.1)
Neoadjuvant therapy 17 (7.1) 16 (13.2) 4 (17.4) 4 (36.4) 3 (16.7) 2 (22.2)
Primary disease 173 (72.1) 83 (68.6) 19 (82.6) 8 (72.7) 17 (94.4) 8 (88.9)
Metastatic disease 112 (46.7) 59 (48.8) 9 (39.1) 4 (36.4) 8 (44.4) 3 (33.3)
Previous receipt of cetuximab, n (%) 150 (62.5) 72 (59.5) 13 (56.5) 9 (81.8) 13 (72.2) 9 (100.0)
Previous radiotherapy, n (%) 216 (90.0) 114 (94.2) 20 (87.0) 8 (72.7) 16 (88.9) 6 (66.7)

Investigator’s choice, n (%)
Cetuximab – 15 (12.4) – 1 (9.1) – 0
Methotrexate – 52 (43.0) – 8 (72.7) – 8 (88.9)
Docetaxel – 54 (44.6) – 2 (18.2) – 1 (11.1)
PD-L1 status, n (%)
!1% 88 (36.7) 61 (50.4) 13 (56.5) 8 (72.7) 9 (50.0) 7 (77.8)
<1% 73 (30.4) 38 (31.4) 8 (34.8) 3 (27.3) 7 (38.9) 2 (22.2)
Not tested or not quantifiable 79 (32.9) 22 (18.2) 2 (8.7) 0 (0.0) 2 (11.1) 0

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PD-L1, programmed death ligand 1.
a Global population includes Asian patients.
b The ‘‘Other” category included patients with a tumor in more than one of the categories (i.e., larynx, oral cavity, or pharynx).
c Some patients may have had prior systemic therapy in more than one context.
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a b s t r a c t

Objectives: To assess efficacy and safety of nivolumab versus investigator’s choice of therapy (IC) in Asian
patients with platinum-refractory recurrent or metastatic squamous cell carcinoma of the head and neck
(SCCHN).
Materials and methods: Thirty-four patients from Japan, Taiwan, Hong Kong, and Korea received nivolu-
mab 3 mg/kg (n = 23) every 2 weeks or IC (n = 11), as part of a global trial (n = 361), until intolerable tox-
icity or disease progression. The primary endpoint was overall survival (OS).
Results: Median OS was 9.5 months (95% confidence interval [CI] 9.1–NR) with nivolumab and
6.2 months (95% CI 2.6–NR) with IC. Seven (30.4%) patients receiving nivolumab and six (54.5%) receiving
IC died. The hazard ratio (HR) for risk of death (nivolumab vs. IC) was 0.50 (95% CI 0.17–1.48). Median
progression-free survival was 1.9 months (95% CI 1.6–7.5) with nivolumab and 1.8 months (95% CI
0.4–6.1) with IC (HR 0.57 [95% CI 0.25–1.33]). Objective response rates (complete + partial responses)
were 26.1% (6/23 patients; 95% CI 10.2–48.4) for nivolumab and 0% (0/11 patients; 95% CI 0.0–28.5)
for IC. Sixteen (69.6%) nivolumab-treated patients and 10 (90.9%) patients receiving IC had a

http://dx.doi.org/10.1016/j.oraloncology.2017.07.023
1368-8375/! 2017 The Authors. 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/).

Abbreviations: AE, adverse event; CI, confidence interval; ECOG, Eastern cooperative oncology group; EORTC, European Organization for Research and Treatment of
Cancer; HPV, human papilloma virus; HR, hazard ratio; IC, investigator’s choice of therapy; IVRS, interactive voice response system; NR, not reached; ORR, objective response
rate; OS, overall survival; PD-1, programmed death-1; PD-L1, programmed death ligand; PFS, progression-free survival; PRO, patient-reported outcomes; RECIST, Response
Evaluation Criteria in Solid Tumors; R/M, recurrent or metastatic; SCCHN, squamous cell carcinoma of the head and neck.
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corresponding confidence intervals (CIs). CIs for median survival
times were calculated using a generalization of the Brookmeyer
and Crowley method. CIs for survival at specific time points were
calculated using the Borgan and Liestøl method [33].

CIs were calculated at 95% with the exception of the HR for
death in the OS analysis, where a 97.73% CI was used. An estimate
of the difference in ORR between treatment arms, and a corre-
sponding two-sided 95% CI, were computed using the Cochran–M
antel–Haenszel method of weighting, adjusting for the stratifica-
tion factor. Prespecified analyses were performed to assess the
treatment effect according to PD-L1 expression status and a post
hoc analysis of treatment effect in PD-L1 expression subgroups
(!1% vs. <1%). These analyses were exploratory and descriptive
and no adjustment for multiple comparisons was made.

For PROs, a score change of 10 in the QLQ-C30 and QLQ-H&N35
was regarded as clinically meaningful. Analysis of covariance was
used to compare mean score changes between groups, with a sep-
arate analysis for each PRO. Adjusted mean changes were assessed
at weeks 9 and 15 for the overall population and for the nivolumab
group in Asian patients; changes were not estimated in the Asian
subgroup receiving IC owing to the small sample size. Although
95% CIs are presented, they do not allow for comparisons between
the Asian subgroup and overall population of nivolumab-treated
patients.

A required sample size of 360 for the overall population was
calculated as follows. At least 278 OS events (deaths) were
required to ensure that a two-sided, a = 0.05 level, sequential
log-rank test procedure, with a preplanned interim analysis after
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Fig. 1. Overall survival in the total population (A) and in the subgroup of Asian patients (B); and progression-free survival in the total population (C) and in the subgroup of
Asian patients (D). (A) and (C) reproduced with permission from N Engl J Med [30].
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prolongation with a more favorable safety profile compared with
IC in a global Phase III study [30]. Although the number of enrolled
patients from Asian countries was limited in this study, the sub-
group analysis reported here showed that nivolumab provided a
survival and treatment advantage over IC in Asian patients, consis-
tent with the global population.

When OS and PFS in the Asian population receiving nivolumab
were compared with global results, median PFS was similar in both

groups while OS appeared better in the Asian population in this
subgroup analysis. Possible factors that might have affected the
difference in therapeutic response between the two groups include
PD-L1 status, and the presence or absence of subsequent therapy or
HPV infection. The percentage of patients with PD-L1 !1% (among
those with quantifiable expression) was 55% for the global popula-
tion and 62% for the Asian population; nivolumab provided a sur-
vival benefit over IC regardless of PD-L1 expression in both the
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Fig. 3. Adjusted mean changes from baseline in patient-reported outcomes at weeks 9 and 15. Physical, role, and social functioning were assessed using the European
Organization for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire–Core 30 module (QLQ-C30). Pain, sensory problems, and social-contact problems
were assessed using the EORTC head-and-neck-specific module QLQ-H&N35. Data for the overall population are republished with permission from N Engl J Med [30].

Table 4
Incidence of treatment-related AEs occurring in !10% of patients in any group, and of select treatment-related AEs by category, in the global and Asian populations.

Global [30]a Asian

Nivolumab (N = 236) Investigator’s Choice
(N = 111)

Nivolumab (N = 23) Investigator’s Choice
(N = 11)

Any grade Grade 3–4 Any grade Grade 3–4 Any grade Grade 3–4 Any grade Grade 3–4

Treatment-related AEs in !10% of patients, n (%)
Any event 139b (58.9) 31 (13.1) 86c (77.5) 39 (35.1) 16 (69.6) 2 (8.7) 10 (90.9) 3 (27.3)
Fatigue 33 (14.0) 5 (2.1) 19 (17.1) 3 (2.7) 4 (17.4) 0 0 0
Nausea 20 (8.5) 0 23 (20.7) 1 (0.9) 2 (8.7) 0 3 (27.3) 0
Rash 18 (7.6) 0 5 (4.5) 1 (0.9) 4 (17.4) 0 0 0
Decreased appetite 17 (7.2) 0 8 (7.2) 0 5 (21.7) 0 3 (27.3) 0
Pruritus 17 (7.2) 0 0 0 4 (17.4) 0 0 0
Diarrhea 16 (6.8) 0 15 (13.5) 2 (1.8) 1 (4.3) 0 2 (18.2) 0
Anemia 12 (5.1) 3 (1.3) 18 (16.2) 5 (4.5) 0 0 2 (18.2) 2 (18.2)
Asthenia 10 (4.2) 1 (0.4) 16 (14.4) 2 (1.8) 0 0 0 0
Stomatitis 5 (2.1) 1 (0.4) 10 (9.0) 3 (2.7) 1 (4.3) 0 3 (27.3) 0
Mucosal inflammation 3 (1.3) 0 14 (12.6) 2 (1.8) 0 0 0 0
Alopecia 0 0 14 (12.6) 3 (2.7) 0 0 0 0
Epistaxis 0 0 3 (2.7) 0 0 0 2 (18.2) 0

Treatment-related select AEs, n (%)
Skin 37 (15.7) 0 14 (12.6) 2 (1.8) 10 (43.5) 0 1 (9.1) 0
Endocrine 18 (7.6) 1 (0.4) 1 (0.9) 0 2 (8.7) 0 0 0
Gastrointestinal 16 (6.8) 0 16 (14.4) 2 (1.8) 1 (4.3) 0 2 (18.2) 0
Hepatic 5 (2.1) 2 (0.8) 4 (3.6) 1 (0.9) 0 0 0 0
Pulmonary 5 (2.1) 2 (0.8) 1 (0.9) 0 0 0 0 0
Hypersensitivity/infusion reaction 3 (1.3) 0 2 (1.8) 1 (0.9) 0 0 1 (9.1) 0
Renal 1 (0.4) 0 2 (1.8) 1 (0.9) 0 0 0 0

Includes events reported between first dose and 30 days after last dose of study therapy.
a Global population includes Asian patients.
b Data include one patient with a Grade 5 event of hypercalcemia and one patient with Grade 3 pneumonitis who subsequently died.
c Data include one patient with a Grade 5 event of lung infection.
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Phase II, randomized, open-label study of
durvalumab (MEDI4736) or tremelimumab
monotherapy, or durvalumab + tremelimumab, in
patients with recurrent or metastatic (R/M)
squamous cell carcinoma of the head and neck
(SCCHN): CONDOR
Jill Gilbert1*, Christophe Le Tourneau2, Hisham Mehanna3, Jerome Fayette4, Trishna Goswami5, Ugochi Emeribe5,
Anthony Jarkowski III5, Giovanni Melillo5, Lilian L Siu6

From 30th Annual Meeting and Associated Programs of the Society for Immunotherapy of Cancer (SITC 2015)
National Harbor, MD, USA. 4-8 November 2015

Background
First-line palliative treatment for patients with R/M
SCCHN includes platinum-based chemotherapy. There
are no standard second-line options upon relapse and
median survival is limited. In SCCHN, tumors create a
highly immunosuppressive environment and evade
immune detection by exploiting inhibitory immune
checkpoints such as the programmed cell death ligand-1
(PD-L1)/programmed cell death-1 (PD-1) axis, making
immunotherapy an attractive option to study in this dis-
ease. Durvalumab (MEDI4736) is a selective, high affi-
nity human IgG1 mAb that blocks PD-L1 binding to
PD-1 (IC50 0.1 nM) and CD80 (IC50 0.04 nM) that has
shown promising antitumor activity in the SCCHN
cohort of a Phase I/II study (NCT01693562). Tremeli-
mumab is a selective human IgG2 mAb inhibitor of
cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4)
that has been combined with durvalumab in a Phase Ib
study in patients with NSCLC (NCT02000947), with
encouraging clinical activity and a manageable safety
profile. While anti-PD-1/PD-L1 monotherapy may be
associated with greater clinical benefit in patients with PD-
L1+ tumors, combination therapy has clinical activity in
both PD-L1+ and PD-L1– patients in several solid tumors,
enhancing the antitumor activity of anti-PD-1/PD-L1

agents in patients with PD-L1– tumors. The PD-L1 and
CTLA-4 pathways are non-redundant and preclinical
data indicate targeting both may induce synergistic antitu-
mor effects. Here we describe the CONDOR study
(NCT02319044), a Phase II study to determine the efficacy
and safety of durvalumab monotherapy, tremelimumab
monotherapy, and their combination in PD-L1– R/M
SCCHN patients who have failed prior platinumtherapy.

Methods
This is a randomized, open-label, multicenter, global,
Phase II study in immunotherapy-naïve patients with PD-
L1– R/M SCCHN who have progressed during or after
treatment with a platinum-containing regimen for R/M
disease. Patients with tumoral PD-L1 expression below a
pre-specified cut-off level of < 25% tumor cells with mem-
brane staining, as determined by an immunohistochemis-
try assay, are deemed PD-L1–. Patients (N=240) will be
randomized 1:1:2 to receive durvalumab (10 mg/kg IV)
monotherapy; tremelimumab (10 mg/kg IV) monotherapy;
or durvalumab (20 mg/kg IV) plus tremelimumab (1 mg/
kg IV) combination therapy for up to 12 months (Figure
1). Stratification factors include human papillomavirus
(HPV) and smoking history. The primary endpoint is
objective response rate (ORR; RECIST v1.1), based on
independent central review. Secondary endpoints will
further assess disease control rate, duration of response,1Vanderbilt University, Nashville, TN, USA
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progression-free survival, and overall survival; safety
(CTCAE v4.03) and tolerability; and health-related quality
of life. Exploratory outcomes include pharmacokinetics,
immunogenicity, and potential biomarkers of response to
treatment. Recruitment is ongoing.
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LONG-TERM SAFETY AND CLINICAL 
OUTCOMES OF ATEZOLIZUMAB IN 
HEAD AND NECK CANCER: 
PHASE IA TRIAL RESULTS 
Rastislav Bahleda,1 Fadi S. Braiteh,2 Ani S. Balmanoukian,3 Irene Braña,4 F. Stephen Hodi,5
Lawrence Garbo,6 Indrani Sarkar,7 Luciana Molinero,7 Carol O’Hear,7 Xiaodong Shen,7
Marcella Fassò,7 A. Dimitrios Colevas8

1Gustave Roussy, Villejuif, France; 2Comprehensive Cancer Centers of Nevada, Las Vegas, NV; 3The Angeles Clinic,  
Los Angeles, CA; 4Vall d’Hebron Institute of Oncology, Barcelona, Spain; 5Dana-Farber Cancer Institute, Boston, MA; 
6NY Oncology, Albany, NY; 7Genentech, South San Francisco, CA; 8Stanford Cancer Institute, Stanford, CA

Response to Atezolizumab by PD-L1 Expression and HPV Status

a Patients with nasopharyngeal cancer who were excluded from the analysis of response by HPV status.
b Patients with no post-baseline tumor measurements are excluded.
IC2/3 = PD-L1 expression of ≥ 5% on IC; IC0/1 = PD-L1 expression of < 5% on IC.
HPV, human papilloma virus; PD-L1, programmed death-ligand 1; SLD, sum of longest diameters.
Data cutoff: December 31, 2016. Bahleda R, et al. Atezolizumab in HNC.11

• Patients with HNC were initially enrolled non-selectively (n = 10)

• Once PD-L1 was identified as a potential biomarker, patients were 
selected by PD-L1 status (n = 22) 

• HPV status was assessed by PCR

• Treatment with atezolizumab was administered IV q3w at 
15 or 20 mg/kg or 1200-mg fixed dose

• Treatment with atezolizumab was initially for 16 cycles or up to 1 year 
• After a protocol amendment, patients were treated until loss of 

clinical benefit

• The primary endpoint of this study was safety
• Key secondary endpoints: ORR, DOR and PFS per RECIST v1.1 and OS

a Prior checkpoint inhibitor immunotherapy was not permitted. 
b Other tumor cohorts include melanoma, non-small cell lung cancer, small cell lung cancer, 
urothelial bladder cancer, triple-negative breast cancer, renal cell carcinoma, glioblastoma and others.
HNC, head and neck cancer; HPV, human papilloma virus; PCR, polymerase chain reaction; 
PD-L1, programmed death-ligand 1; q3w, every 3 weeks.
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• As of December 31, 2016, 32 patients were evaluable for safety and efficacy
• Minimum follow-up of 14 months

a PCR evaluation for HPV strains was performed for all enrolled patients. Of the 4 strains centrally tested 
(HPV16, HPV18, HPV6 and HPV11), reactivity was observed only with HPV16.
b Four patients with nasopharyngeal cancer were excluded from the HPV status analysis (n = 28).
ECOG PS, Eastern Cooperative Oncology Group performance status; HNC, head and neck cancer; 
HPV, human papilloma virus; IC, tumor-infiltrating immune cells; PCR, polymerase chain reaction.

Baseline Characteristics of Patients With HNC

Bahleda R, et al. Atezolizumab in HNC.6

Baseline Characteristics All Patients
(N = 32)

Median age (range), years 62 (32-78)
Male, n (%) 27 (84%)

ECOG PS, n (%)
0
1

11 (34%)
21 (66%)

Tobacco use history, n (%)
Never
Current/previous

11 (34%)
21 (66%)

Prior lines of therapy, n (%)
0
1
≥ 2

4 (13%)
11 (34%)
17 (53%)

Baseline Characteristics All Patients
(N = 32)

Site of primary tumor, n (%)
Oral cavity
Oropharynx
Hypopharynx
Larynx
Nasopharynx

7 (22%)
18 (56%)
1 (3%)
2 (6%)
4 (13%)

Baseline HPV16 statusa,b, n (%)
Positive
Negative
Unknown

13 (46%)
12 (43%)
3 (11%)

PD-L1 IC subgroups, n (%)
IC0/1 (< 5% PD-L1 expression on IC)
IC2/3 (≥ 5% PD-L1 expression on IC)

7 (22%)
25 (78%)

• No Grade 5 treatment-related AEs were observed

a One treatment-related AE leading to treatment withdrawal was Grade 3 colitis.
HNC, head and neck cancer. 
Data cutoff: December 31, 2016.

Safety Summary in HNC Cohort

Bahleda R, et al. Atezolizumab in HNC.7

Adverse Event (AE) Summary All Patients
(N = 32)

Median treatment duration (range), months 3.4 (0-30.5)
Total patients with, %

Treatment-related AEs
Treatment-related Grade 3-4 AEs
Serious treatment-related AEs
Treatment-related AEs leading to withdrawal from treatmenta

66%
13%
9%
3%

Bahleda R, et al. ESMO 2017

• HPV status did not appear to be associated with response to atezolizumab

a Three HPV-positive patients and 2 HPV-negative patients (5 patients in “All Patients”) had missing or unevaluable best response.
b PCR evaluation for HPV strains was performed in all enrolled patients. Of the 4 strains centrally tested (HPV16, HPV18, HPV6 and
HPV11), reactivity was observed only with HPV16.
c Due to the change in the enrollment criteria, “All Patients” results are not interpretable. 
d Four patients with nasopharyngeal cancer were excluded from the analysis population.
HPV, human papilloma virus; ORR, objective response rate.
Data cutoff: December 31, 2016

Response to Atezolizumab by HPV Status

Bahleda R, et al. Atezolizumab in HNC.10

Response (95% CI), % HPV16 Positiveb

(n = 13)
HPV16 Negative

(n = 12)
HPV Unknown

(n = 3)
All Patientsc,d

(n = 28)
ORRa 15% (2, 45) 17% (2, 48) 67% (9, 99) 21% (8, 41)

Complete response 0% (0, 25) 0% (0, 26) 0% (0, 71) 0% (0, 12)

Partial response 15% (2, 45) 17% (2, 48) 67% (9, 99) 21% (8, 41)

Stable disease 23% (5, 54) 17% (2, 48) 0% (0, 71) 18% (6, 37)

Progressive disease 38% (14, 68) 50% (21, 79) 33% (1, 91) 43% (24, 63)
Response to Atezolizumab by PD-L1 Expression and HPV Status

a Patients with nasopharyngeal cancer who were excluded from the analysis of response by HPV status.
b Patients with no post-baseline tumor measurements are excluded.
IC2/3 = PD-L1 expression of ≥ 5% on IC; IC0/1 = PD-L1 expression of < 5% on IC.
HPV, human papilloma virus; PD-L1, programmed death-ligand 1; SLD, sum of longest diameters.
Data cutoff: December 31, 2016. Bahleda R, et al. Atezolizumab in HNC.11

• Response to atezolizumab was observed 
in the “All patients” population and across 
PD-L1 expression subgroups

• A numerically higher ORR was observed 
in the IC2/3 subgroup

• The DCR (CR + PR + SD ≥ 24 weeks) 
was 31% in all patients

• 28% in the IC2/3 subgroup
• 43% in the IC0/1 subgroup

a Due to the change in the enrollment criteria, “All Patients” results are not interpretable.
IC2/3 = PD-L1 expression of ≥ 5% on IC; IC0/1 = PD-L1 expression of < 5% on IC.
CR, complete response; DCR, disease control rate; IC, tumor-infiltrating immune cells; 
PR, partial response; RECIST, Response Evaluation Criteria In Solid Tumors; SD, stable disease.
Data cutoff: December 31, 2016.

Response to Atezolizumab per RECIST v1.1

Bahleda R, et al. Atezolizumab in HNC.9
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• Median PFS and OS were 2.6 and 6.0 months, respectively, in all patients with HNC treated 
with atezolizumab

• The 1-, 2- and 3-year OS rates in all atezolizumab-treated patients were 36%, 21% and 12%, respectively

a Due to the change in the enrollment criteria, “All patients” results are not interpretable.
HNC, head and neck cancer; IC, tumor-infiltrating immune cells; NE, not evaluable.
Data cutoff: December 31, 2016

Progression-Free Survival and Overall Survival

Bahleda R, et al. Atezolizumab in HNC.13

Progression-Free Survival Overall Survival
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• The 1-, 2- and 3-year OS rates in all atezolizumab-treated patients were 36%, 21% and 12%, respectively

a Due to the change in the enrollment criteria, “All patients” results are not interpretable.
HNC, head and neck cancer; IC, tumor-infiltrating immune cells; NE, not evaluable.
Data cutoff: December 31, 2016
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Predictive correlates of response to the anti-PD-L1
antibody MPDL3280A in cancer patients
Roy S. Herbst1, Jean-Charles Soria2, Marcin Kowanetz3, Gregg D. Fine3, Omid Hamid4, Michael S. Gordon5, Jeffery A. Sosman6,
David F. McDermott7, John D. Powderly8, Scott N. Gettinger1, Holbrook E. K. Kohrt9, Leora Horn10, Donald P. Lawrence11,
Sandra Rost3, Maya Leabman3, Yuanyuan Xiao3, Ahmad Mokatrin3, Hartmut Koeppen3, Priti S. Hegde3, Ira Mellman3,
Daniel S. Chen3 & F. Stephen Hodi12

The development of human cancer is a multistep process character-
ized by the accumulation of genetic and epigenetic alterations that
drive or reflect tumour progression. These changes distinguish can-
cer cells from their normal counterparts, allowing tumours to be re-
cognized as foreign by the immune system1–4. However, tumours are
rarely rejected spontaneously, reflecting their ability to maintain an
immunosuppressive microenvironment5. Programmed death-ligand
1 (PD-L1; also called B7-H1 or CD274), which is expressed on many
cancer and immune cells, plays an important part in blocking the
‘cancer immunity cycle’ by binding programmed death-1 (PD-1) and
B7.1 (CD80), both of which are negative regulators of T-lymphocyte
activation. Binding of PD-L1 to its receptors suppresses T-cell mi-
gration, proliferation and secretion of cytotoxic mediators, and re-
stricts tumour cell killing6–10. The PD-L1–PD-1 axis protects the host
from overactive T-effector cells not only in cancer but also during
microbial infections11. Blocking PD-L1 should therefore enhance anti-
cancer immunity, but little is known about predictive factors of ef-
ficacy. This study was designed to evaluate the safety, activity and
biomarkers of PD-L1 inhibition using the engineered humanized
antibody MPDL3280A. Here we show that across multiple cancer
types, responses (as evaluated by Response Evaluation Criteria in Solid
Tumours, version 1.1) were observed in patients with tumours expres-
sing high levels of PD-L1, especially when PD-L1 was expressed by
tumour-infiltrating immune cells. Furthermore, responses were asso-
ciated with T-helper type 1 (TH1) gene expression, CTLA4 express-
ion and the absence of fractalkine (CX3CL1) in baseline tumour
specimens. Together, these data suggest that MPDL3280A is most
effective in patients in which pre-existing immunity is suppressed by
PD-L1, and is re-invigorated on antibody treatment.

Pre-clinical studies demonstrated that anti-PD-L1 treatment of mice
bearing implanted syngeneic tumours could lead to tumour regression
and the induction of protective immune memory in the setting of re-
challenge with tumour cells (Genentech, unpublished data). However,
most mouse models constitutively express PD-L1 (ref. 12), which is not
consistent with human tumours. Additionally, only a few syngeneic mod-
els (notably the MC38 colon carcinoma model) were responsive to anti-
PD-L1 as a single agent (Genentech, unpublished data). Therefore, a
detailed analysis of PD-L1 expression in human tumours and its asso-
ciation with clinical benefit was required.

PD-L1 in human cancers was investigated using an anti-PD-L1 immu-
nohistochemistry (IHC) antibody optimized for staining of formalin-fixed
paraffin-embedded tissue samples. Staining of pre-treatment specimens
submitted for our clinical study demonstrated expression across a range
of cancers (Fig. 1a). PD-L1 staining was observed on tumour cells, as well
as on tumour-infiltrating immune cells (Fig. 1b), with PD-L1-positive

tumour-infiltrating immune cells being more common than PD-L1-
positive tumour cells. PD-L1-positive tumour-infiltrating immune cells
included myeloid cells (macrophages, dendritic cells) and T cells; B cells
were negative for PD-L1 (Fig. 1c).

We developed a high-affinity human monoclonal immunoglobulin-G1
(IgG1) antibody for clinical use that specifically binds to PD-L1 (MPDL-
3280A; binding affinity Kd (dissociation constant) 5 0.4 nM) and pre-
vents its interaction with PD-1 and B7.1. However, the antibody would
leave intact the interaction of PD-1 with its alternative ligand PD-L2 (also
called B7-DC or CD273), which is thought to have a key role in main-
taining peripheral tolerance, particularly in the lung13,14. MPDL3280A
was engineered with a crystallizable fragment (Fc) domain modification
eliminating antibody-dependent cellular cytotoxicity at clinically rele-
vant doses, preventing depletion of activated T cells15,16 (see Methods).

Patients were treated with MPDL3280A, and pre-treatment and on-
treatment tumour specimens were characterized from available samples.
A total of 277 patients with advanced incurable cancer received MPDL-
3280A intravenously every 3 weeks (q3w; Extended Data Fig. 1a, b and
Extended Data Table 1; see Methods). Mean single-dose MPDL3280A
pharmacokinetics were consistent with a typical IgG1 at doses $1 mg kg21,
with a mean terminal serum half-life of ,3 weeks (Extended Data Fig. 1c).
Overall, treatment was well tolerated up to the maximum administered
dose of 20 mg kg21 q3w (Table 1).

Most adverse events (AEs) did not require medical treatment. The
most common treatment-related AE was fatigue (Table 1), which often
occurred with low-grade fever during the first treatment cycle. Pyrexia
was reported in ,21% of patients; it most commonly occurred during
cycle 1 and was uncommon during subsequent cycles (Extended Data
Fig. 2a). Additionally, an ,2-fold increase in activated proliferating CD81

T cells (CD81HLA-DR1Ki-671) and a trend of increased circulating
interferon (IFN)-cwere observed by the end of the first cycle (Extended
Data Fig. 2b, c).

Treatment-related grade 3–4 AEs were observed in 35 patients (13%)
and immune-related grade 3–4 AEs were observed in 3 patients (1%)
(see Methods for further information regarding AE grades). No cases
of grades 3–5 pneumonitis were seen.

The impact of PD-L1 inhibition on metastatic lesions was evaluated
per Response Evaluation Criteria in Solid Tumours, version 1.1 (RECIST
v1.1). In the 175 efficacy-evaluable patients (with demographic and base-
line characteristics similar to those in all patients), confirmed responses
(complete and partial responses) were observed in 32 of 175 (18%), 11
of 53 (21%), 11 of 43 (26%), 7 of 56 (13%) and 3 of 23 (13%) of patients
with all tumour types, non-small cell lung cancer (NSCLC), melanoma,
renal cell carcinoma and other tumours (including colorectal cancer, gas-
tric cancer, and head and neck squamous cell carcinoma), respectively.

1Yale Comprehensive Cancer Center, Yale School of Medicine, 333 Cedar Street, WWW221, New Haven, Connecticut 06520, USA. 2Gustave Roussy South-Paris University, 114 Rue Edouard Vaillant, 94805
Villefuij, Cedex, France. 3Genentech, Inc., 1 DNA Way, South San Francisco, California 94080, USA. 4The Angeles Clinic and Research Institute, 11818 Wilshire Blvd, Los Angeles, California 90025, USA.
5Pinnacle Oncology Hematology, 9055 E Del Camino Dr 100, Scottsdale, Arizona 85258, USA. 6Vanderbilt-Ingram Cancer Center, 2220 Pierce Avenue, Nashville, Tennessee 37212, USA. 7Beth Israel
Deaconess Medical Center, 330 Brookline Avenue, Shapiro 9, Boston, Massachusetts 02215, USA. 8Carolina BioOncology Institute, 9801 W. Kincey Ave, Suite 145, Huntersville, North Carolina 28078, USA.
9Stanford University,CCSR BldgRoom 1110,Stanford, California94305,USA. 10Vanderbilt-Ingram CancerCenter, 1301MedicalCenterDr, Suite 1710,Nashville, Tennessee37212,USA. 11Massachusetts
General Hospital, 55 Fruit Street, YAW 9E, Boston, Massachusetts 02114, USA. 12Dana-Farber/Brigham and Women’s Cancer Center, 450 Brookline Avenue, Boston, Massachusetts 02215, USA.
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Four more patients had unconfirmed responses (Table 2, Fig. 2 and Ex-
tended Data Fig. 3a). Responses could also be rapid and durable (Fig. 2b
and Extended Data Fig. 3a), with shrinking or resolving palpable lesions
detected within days in some responders and nearly all responders (es-
pecially patients with NSCLC) continuing to respond and staying on
study. In addition, RECIST may not accurately describe the full spectrum

of responses observed because some patients who had a best response
of progressive disease per RECIST went on to develop durable tumour
shrinkage or prolonged stable disease (pseudoprogression)17. The med-
ian progression-free survival of all patients was 18 weeks. We also per-
formed an exploratory analysis of patients with NSCLC and detected a
potential trend of former/current smokers responding better to MPDL-
3280A versus never smokers (11 of 26 (42%) versus 1 of 10 (10%), re-
spectively; P 5 0.4229 using a Fisher exact test; see the accompanying
paper (ref. 18) for further discussion).

There appears to be an association between response and the expres-
sion of PD-L1 in pre-treatment samples (Fig. 3 and Extended Data Figs 3
and 4). The association of response to MPDL3280A treatment and
tumour-infiltrating immune cell PD-L1 expression reached statistical
significance (NSCLC, P 5 0.015 (Fig. 3a and Extended Data Fig. 4a); all
tumours, P 5 0.007 (Fig. 3b, c and Extended Data Fig. 4b)), while the as-
sociation with tumour cell PD-L1 expression did not (NSCLC, P 5 0.920
(Extended Data Fig. 4c); all tumours, P 5 0.079 (Extended Data Fig. 4d)).

Indication n Percentage of PD-L1 positive (IC) Percentage of PD-L1 positive (TC)

NSCLC 184 26 24 
RCC 88 25 10 
Melanoma 58 36 5 
HNSCC 101 28 19 
Gastric cancer 141 18 5 
CRC 77 35 1 
Pancreatic cancer 83 12 4 

a PD-L1 prevalence determined with a Genentech/Roche anti-PD-L1 IHC assay

b

PD-L1 negative

c PD-L1/CD163 PD-L1/CD11c

PD-L1/CD3 PD-L1/CK

PD-L1 positive (IC) PD-L1 positive (TC) PD-L1 positive (TC and IC)

Figure 1 | Programmed death-ligand 1 (PD-L1) prevalence and expression.
a, PD-L1 prevalence by immunohistochemistry (IHC) in samples collected for
PCD4989g. PD-L1 positivity was defined as $5% of tumour-infiltrating
immune cells (ICs) or tumour cells (TCs) staining for PD-L1 by IHC.
b, Representative images of PD-L1 by IHC (brown) in tumours from patients
with non-small cell lung cancer (NSCLC). The PD-L1-negative image is at
203 magnification, other images at 403 magnification. c, Co-localization
of PD-L1 with selected tumour-infiltrating immune cell and tumour cell
markers by immunofluorescence in NSCLC and melanoma tumours. PD-L1
staining in red; markers of tumour-infiltrating immune cells and tumour
cells in green; and DAPI staining in blue. Areas of overlap are indicated with
white arrowheads. All four images are at 403 resolution. Markers of tumour-
infiltrating immune cells: CD163 (macrophages), CD11c (dendritic cells)
and CD3 (T cells). Marker of tumour cells: cytokeratin (CK). CRC, colorectal
cancer; HNSCC, head and neck squamous cell carcinoma; NSCLC, non-small
cell lung cancer; RCC, renal cell carcinoma.

Table 1 | Adverse events
Treatment-related AEs (n 5 277) AEs regardless of attribution (n 5 277)

Events ($4% of patients) Any grade (n (%)) Grade 3–4 (n (%)) Events ($5% of patients) Any grade (n (%)) Grade 3–4 (n (%))

Any AE 194 (70.0) 35 (12.6) Any AE 263 (94.9) 108 (39.0)
Fatigue 67 (24.2) 5 (1.8) Fatigue 100 (36.1) 9 (3.2)
Decreased appetite 33 (11.9) – Nausea 69 (24.9) 2 (0.7)
Nausea 32 (11.6) 1 (0.4) Dyspnoea 66 (23.8) 11 (4.0)
Pyrexia 32 (11.6) 2 Decreased appetite 64 (23.1) –
Diarrhoea 29 (10.5) 2 Cough 60 (21.7) –
Rash 29 (10.5) 2 Diarrhoea 60 (21.7) –
Pruritus 23 (8.3) 2 Pyrexia 57 (20.6) –
Arthralgia 22 (7.9) 2 Constipation 55 (19.9) –
Headache 21 (7.6) 1 (0.4) Headache 49 (17.7) –
Chills 19 (6.9) 2 Vomiting 46 (16.6) –
Influenza-like illness 16 (5.8) 1 (0.4) Anaemia 44 (15.9) 10 (3.6)
Asthenia 15 (5.4) 2 (0.7) Insomnia 43 (15.5) –
Dyspnea 15 (5.4) 2 (0.7) Back pain 42 (15.2) 4 (1.4)
Pain 15 (5.4) 1 (0.4) Arthralgia 41 (14.8) –
Myalgia 13 (4.7) 2 Rash 40 (14.4) –
Anaemia 12 (4.3) 2 (0.7) Asthenia 34 (12.3) 4 (1.4)
Dry skin 12 (4.3) 2 Pruritus 33 (11.9) –
Night sweats 12 (4.3) 2 Chills 31 (11.2) –
Vomiting 11 (4.0) 1 (0.4) Upper respiratory tract infection 30 (10.8) –
Other grade 3–4 AEs, $2 patients Anxiety 20 (7.2) –
ALT increased 6 (2.2) 3 (1.1) Influenza-like illness 20 (7.2) –
AST increased 4 (1.4) 3 (1.1) Nasal congestion 20 (7.2) –
Hypoxia 4 (1.4) 3 (1.1) Urinary tract infection 20 (7.2) 3 (1.1)
Hyperglycaemia 4 (1.4) 2 (0.7) Dehydration 19 (6.9) 4 (1.4)
Hyponatraemia 4 (1.4) 2 (0.7) Hyperglycaemia 19 (6.9) 7 (2.5)
Cardiac tamponade 2 (0.7) 2 (0.7) Myalgia 19 (6.9) –
Hypophosphataemia 2 (0.7) 2 (0.7) Night sweats 19 (6.9) –
Tumour lysis syndrome 2 (0.7) 2 (0.7) Productive cough 19 (6.9) –

Dry skin 16 (5.8) –
Dry mouth 14 (5.1) –
Hypoxia 14 (5.1) 6 (2.2)
Weight decreased 14 (5.1) –

AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Extended Data Figure 4 | Antitumour activity of MPDL3280A by PD-L1
immunohistochemistry (IHC) status. a, The overall objective response rate
(ORR; best response of complete response (CR) and partial response (PR)),
stable disease (SD) as the best response rate and progressive disease (PD) as the
best response rate for patients with non-small cell lung cancer (NSCLC)
who received MPDL3280A by PD-L1 IHC (tumour-infiltrating immune cell
(IC)) status. Overall, 53 patients with NSCLC were evaluated: 6 patients had an
IHC (IC) score of 3; 7 patients had a score of 2; 13 patients had a score of 1; and
20 patients had a score of 0. Seven patients had an unknown IHC status
(data not shown). Patients with no post-first dose assessment were not
estimable and not plotted (1 in IHC 1 and 1 in IHC 2), but were included in the
denominator for purposes of calculating ORR. Using a logistic regression
model, PD-L1 by IHC (IC) was significantly associated with response to
MPDL3280A (P 5 0.015). b, The ORR, SD as best response rate, and PD as best
response rate for patients with all tumour types who received MPDL3280A by
PD-L1 IHC (IC) status. Patients with no post-first dose assessment were
not estimable (NE) and not plotted (1 in IHC 0, 2 in IHC 1, 1 in IHC 2 and 1 in
IHC 3), but were included in the denominator for purposes of calculating
ORR. Using a logistic regression model, PD-L1 by IHC (IC) was significantly
associated with response to MPDL3280A (P 5 0.007). c, The ORR, SD as best
response rate, and PD as best response rate for patients with NSCLC who

received MPDL3280A by PD-L1 IHC (TC) status. Overall, 53 patients with
NSCLC were evaluated: 8 patients had an IHC score of 3; 1 patient had a score
of 2; 3 patients had a score of 1; and 34 patients had a score of 0. Seven patients
had an unknown IHC status (data not shown). Patients with no post-first
dose assessment were not estimable and not plotted (2 in IHC 0), but were
included in the denominator for purposes of calculating ORR. All responses
were confirmed except for in 1 patient. Using a logistic regression model,
PD-L1 by IHC (TC) did not meet statistical significance for association with
response (P 5 0.920). d, The ORR and SD and PD best response rates for
patients with all tumour types who received MPDL3280A by PD-L1 IHC (TC)
status. Overall, 175 patients with all tumour types were evaluated: 15 patients
had an IHC score of 3; 3 patients had a score of 2; 11 patients had a score
of 1; and 121 patients had a score of 0; 25 patients had an unknown IHC status
(data not shown). Patients with no post-first dose assessment were not
estimable and not plotted (3 in IHC 0, 1 in IHC 1 and 1 in IHC 3), but were
included in the denominator for purposes of calculating ORR. All responses
were confirmed except for in 1 patient with NSCLC, 1 patient with RCC
and 2 patients with melanoma. Using a logistic regression model, PD-L1 by
IHC (TC) did not meet statistical significance for the association with
response (P 5 0.079).
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Extended Data Figure 4 | Antitumour activity of MPDL3280A by PD-L1
immunohistochemistry (IHC) status. a, The overall objective response rate
(ORR; best response of complete response (CR) and partial response (PR)),
stable disease (SD) as the best response rate and progressive disease (PD) as the
best response rate for patients with non-small cell lung cancer (NSCLC)
who received MPDL3280A by PD-L1 IHC (tumour-infiltrating immune cell
(IC)) status. Overall, 53 patients with NSCLC were evaluated: 6 patients had an
IHC (IC) score of 3; 7 patients had a score of 2; 13 patients had a score of 1; and
20 patients had a score of 0. Seven patients had an unknown IHC status
(data not shown). Patients with no post-first dose assessment were not
estimable and not plotted (1 in IHC 1 and 1 in IHC 2), but were included in the
denominator for purposes of calculating ORR. Using a logistic regression
model, PD-L1 by IHC (IC) was significantly associated with response to
MPDL3280A (P 5 0.015). b, The ORR, SD as best response rate, and PD as best
response rate for patients with all tumour types who received MPDL3280A by
PD-L1 IHC (IC) status. Patients with no post-first dose assessment were
not estimable (NE) and not plotted (1 in IHC 0, 2 in IHC 1, 1 in IHC 2 and 1 in
IHC 3), but were included in the denominator for purposes of calculating
ORR. Using a logistic regression model, PD-L1 by IHC (IC) was significantly
associated with response to MPDL3280A (P 5 0.007). c, The ORR, SD as best
response rate, and PD as best response rate for patients with NSCLC who

received MPDL3280A by PD-L1 IHC (TC) status. Overall, 53 patients with
NSCLC were evaluated: 8 patients had an IHC score of 3; 1 patient had a score
of 2; 3 patients had a score of 1; and 34 patients had a score of 0. Seven patients
had an unknown IHC status (data not shown). Patients with no post-first
dose assessment were not estimable and not plotted (2 in IHC 0), but were
included in the denominator for purposes of calculating ORR. All responses
were confirmed except for in 1 patient. Using a logistic regression model,
PD-L1 by IHC (TC) did not meet statistical significance for association with
response (P 5 0.920). d, The ORR and SD and PD best response rates for
patients with all tumour types who received MPDL3280A by PD-L1 IHC (TC)
status. Overall, 175 patients with all tumour types were evaluated: 15 patients
had an IHC score of 3; 3 patients had a score of 2; 11 patients had a score
of 1; and 121 patients had a score of 0; 25 patients had an unknown IHC status
(data not shown). Patients with no post-first dose assessment were not
estimable and not plotted (3 in IHC 0, 1 in IHC 1 and 1 in IHC 3), but were
included in the denominator for purposes of calculating ORR. All responses
were confirmed except for in 1 patient with NSCLC, 1 patient with RCC
and 2 patients with melanoma. Using a logistic regression model, PD-L1 by
IHC (TC) did not meet statistical significance for the association with
response (P 5 0.079).
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Four more patients had unconfirmed responses (Table 2, Fig. 2 and Ex-
tended Data Fig. 3a). Responses could also be rapid and durable (Fig. 2b
and Extended Data Fig. 3a), with shrinking or resolving palpable lesions
detected within days in some responders and nearly all responders (es-
pecially patients with NSCLC) continuing to respond and staying on
study. In addition, RECIST may not accurately describe the full spectrum

of responses observed because some patients who had a best response
of progressive disease per RECIST went on to develop durable tumour
shrinkage or prolonged stable disease (pseudoprogression)17. The med-
ian progression-free survival of all patients was 18 weeks. We also per-
formed an exploratory analysis of patients with NSCLC and detected a
potential trend of former/current smokers responding better to MPDL-
3280A versus never smokers (11 of 26 (42%) versus 1 of 10 (10%), re-
spectively; P 5 0.4229 using a Fisher exact test; see the accompanying
paper (ref. 18) for further discussion).

There appears to be an association between response and the expres-
sion of PD-L1 in pre-treatment samples (Fig. 3 and Extended Data Figs 3
and 4). The association of response to MPDL3280A treatment and
tumour-infiltrating immune cell PD-L1 expression reached statistical
significance (NSCLC, P 5 0.015 (Fig. 3a and Extended Data Fig. 4a); all
tumours, P 5 0.007 (Fig. 3b, c and Extended Data Fig. 4b)), while the as-
sociation with tumour cell PD-L1 expression did not (NSCLC, P 5 0.920
(Extended Data Fig. 4c); all tumours, P 5 0.079 (Extended Data Fig. 4d)).

Indication n Percentage of PD-L1 positive (IC) Percentage of PD-L1 positive (TC)

NSCLC 184 26 24 
RCC 88 25 10 
Melanoma 58 36 5 
HNSCC 101 28 19 
Gastric cancer 141 18 5 
CRC 77 35 1 
Pancreatic cancer 83 12 4 

a PD-L1 prevalence determined with a Genentech/Roche anti-PD-L1 IHC assay

b

PD-L1 negative

c PD-L1/CD163 PD-L1/CD11c

PD-L1/CD3 PD-L1/CK

PD-L1 positive (IC) PD-L1 positive (TC) PD-L1 positive (TC and IC)

Figure 1 | Programmed death-ligand 1 (PD-L1) prevalence and expression.
a, PD-L1 prevalence by immunohistochemistry (IHC) in samples collected for
PCD4989g. PD-L1 positivity was defined as $5% of tumour-infiltrating
immune cells (ICs) or tumour cells (TCs) staining for PD-L1 by IHC.
b, Representative images of PD-L1 by IHC (brown) in tumours from patients
with non-small cell lung cancer (NSCLC). The PD-L1-negative image is at
203 magnification, other images at 403 magnification. c, Co-localization
of PD-L1 with selected tumour-infiltrating immune cell and tumour cell
markers by immunofluorescence in NSCLC and melanoma tumours. PD-L1
staining in red; markers of tumour-infiltrating immune cells and tumour
cells in green; and DAPI staining in blue. Areas of overlap are indicated with
white arrowheads. All four images are at 403 resolution. Markers of tumour-
infiltrating immune cells: CD163 (macrophages), CD11c (dendritic cells)
and CD3 (T cells). Marker of tumour cells: cytokeratin (CK). CRC, colorectal
cancer; HNSCC, head and neck squamous cell carcinoma; NSCLC, non-small
cell lung cancer; RCC, renal cell carcinoma.

Table 1 | Adverse events
Treatment-related AEs (n 5 277) AEs regardless of attribution (n 5 277)

Events ($4% of patients) Any grade (n (%)) Grade 3–4 (n (%)) Events ($5% of patients) Any grade (n (%)) Grade 3–4 (n (%))

Any AE 194 (70.0) 35 (12.6) Any AE 263 (94.9) 108 (39.0)
Fatigue 67 (24.2) 5 (1.8) Fatigue 100 (36.1) 9 (3.2)
Decreased appetite 33 (11.9) – Nausea 69 (24.9) 2 (0.7)
Nausea 32 (11.6) 1 (0.4) Dyspnoea 66 (23.8) 11 (4.0)
Pyrexia 32 (11.6) 2 Decreased appetite 64 (23.1) –
Diarrhoea 29 (10.5) 2 Cough 60 (21.7) –
Rash 29 (10.5) 2 Diarrhoea 60 (21.7) –
Pruritus 23 (8.3) 2 Pyrexia 57 (20.6) –
Arthralgia 22 (7.9) 2 Constipation 55 (19.9) –
Headache 21 (7.6) 1 (0.4) Headache 49 (17.7) –
Chills 19 (6.9) 2 Vomiting 46 (16.6) –
Influenza-like illness 16 (5.8) 1 (0.4) Anaemia 44 (15.9) 10 (3.6)
Asthenia 15 (5.4) 2 (0.7) Insomnia 43 (15.5) –
Dyspnea 15 (5.4) 2 (0.7) Back pain 42 (15.2) 4 (1.4)
Pain 15 (5.4) 1 (0.4) Arthralgia 41 (14.8) –
Myalgia 13 (4.7) 2 Rash 40 (14.4) –
Anaemia 12 (4.3) 2 (0.7) Asthenia 34 (12.3) 4 (1.4)
Dry skin 12 (4.3) 2 Pruritus 33 (11.9) –
Night sweats 12 (4.3) 2 Chills 31 (11.2) –
Vomiting 11 (4.0) 1 (0.4) Upper respiratory tract infection 30 (10.8) –
Other grade 3–4 AEs, $2 patients Anxiety 20 (7.2) –
ALT increased 6 (2.2) 3 (1.1) Influenza-like illness 20 (7.2) –
AST increased 4 (1.4) 3 (1.1) Nasal congestion 20 (7.2) –
Hypoxia 4 (1.4) 3 (1.1) Urinary tract infection 20 (7.2) 3 (1.1)
Hyperglycaemia 4 (1.4) 2 (0.7) Dehydration 19 (6.9) 4 (1.4)
Hyponatraemia 4 (1.4) 2 (0.7) Hyperglycaemia 19 (6.9) 7 (2.5)
Cardiac tamponade 2 (0.7) 2 (0.7) Myalgia 19 (6.9) –
Hypophosphataemia 2 (0.7) 2 (0.7) Night sweats 19 (6.9) –
Tumour lysis syndrome 2 (0.7) 2 (0.7) Productive cough 19 (6.9) –

Dry skin 16 (5.8) –
Dry mouth 14 (5.1) –
Hypoxia 14 (5.1) 6 (2.2)
Weight decreased 14 (5.1) –

AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Abstract
Background No predictive biomarker of immune checkpoint inhibitors in head and neck squamous cell carcinoma (HNSCC) 
has been well established. The impact of programmed death-ligand 1 (PD-L1) expression, CD8+ tumor-infiltrating lympho-
cytes (TILs), and p16 status in HNSCC is unclear and may vary according to ethnicity.
Methods HNSCC patients treated between 2007 and 2013 were reviewed. Archival tissues were retrieved for PD-L1, CD8+ 
TILs, and p16 analyses. PD-L1 expression was evaluated by using the validated SP142 assay on the VENTANA platform. 
CD8+ TILs were defined by using semiquantitative scoring.
Results A total of 203 patients were analyzed. PD-L1 expression was observed in 80% of patients and was significantly 
associated with older age (P < 0.001). A high CD8+ TIL score (≥ 6) was significantly associated with never-smoking 
(P = 0.020), oral cavity cancer (P < 0.001), and stage M0 at presentation (P = 0.025). The p16 status was positive in 12% of 
patients. Patients with a high TIL score had a significantly longer OS (P = 0.032). Patients with PD-L1 expression of 1–49% 
and ≥ 50% were associated with a significantly shorter OS compared with those with PD-L1 < 1% (P = 0.027 and P = 0.011, 
respectively). Multivariate analysis showed that PD-L1 ≥ 50% was significantly associated with a poor OS. (HR 2.98 [95% 
CI 1.2–7.39]; P = 0.019.)
Conclusions A high prevalence of PD-L1 expression was observed in HNSCC using the validated SP142 assay. PD-L1 
expression was associated with older age, while highly PD-L1 expression (≥ 50%) was an independent prognostic factor for 
poor OS in anti-PD1/PD-L1 untreated HNSCC patients.

Keywords Programmed death ligand-1 · CD8+ tumor infiltrating lymphocytes · P16 · Human papillomavirus · Head and 
neck squamous cell carcinoma

Introduction

During recent years, cancer immunotherapy has developed 
rapidly for many types of malignancy. Moreover, the iden-
tification of immune checkpoint inhibitors has changed the 
standard of care for some deadly cancers such as melanoma, 
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� Currently pembrolizumab and nivolumab have been approved for treatment of 
2L platinum failure R/M HNSCC.

� 1L Pembrolizumab alone prolonged OS in R/M HNSCC patients with CPS >20 
when compared to EXTREME regimen.

� Durvalumab, atezolizumab, and avelumab had an anti-tumor activity in 
HNSCC in early phase clinical development.

� Future studies of I/O combination with anti-CTLA4 (ipilimumab, 
tremelimumab) are underway.

� Each I/O drug uses different anti-PDL1 assay and cut-off to determine PD-L1 
status. 

� Currently, no clearly effective biomarker of I/O drugs have been established.

� Cost/benefit should be considered.
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Background: Successful application of programmed death 1 (PD1) checkpoint inhibitors in the clinic may ultimately benefit
from appropriate patient selection based upon predictive biomarkers. Molecular characterization of circulating tumor cells (CTC)
is crucial for the investigation of molecular-targeted therapies while predictive biomarkers for response to PD1 checkpoint
inhibitors are lacking. We sought to assess whether overexpression of PD-L1 in CTCs could be detected at baseline and at differ-
ent timepoints during treatment in a prospective cohort of head and neck squamous cell carcinoma (HNSCC) patients and used
to predict clinical outcome after treatment with curative intent.

Patients and methods: We developed a highly sensitive, specific and robust RT-qPCR assay for PD-L1 mRNA expression in
EpCAM(þ) CTCs. In a prospective cohort of 113 locally advanced HNSCC patients treated with curative intent we evaluated PD-L1
expression in the EpCAM(þ) CTC fraction at baseline, after 2 cycles of induction chemotherapy (week 6) and at the end of
concurrent chemoradiotherapy (week 15).

Results: PD-L1 overexpression was found in 24/94 (25.5%) patients at baseline, 8/34 (23.5%) after induction chemotherapy and
12/54 (22.2%) patients at the end of treatment. Patients with CTCs overexpressing PD-L1 at end of treatment had shorter
progression-free survival (P¼ 0.001) and overall survival (P< 0.001). Multivariate analysis revealed that PD-L1 overexpression at
end of treatment was independent prognostic factor for progression-free survival and overall survival. The absence of PD-L1
overexpression at the end of treatment was strongly associated with complete response with an odds ratio¼ 16.00 (95%
CI¼ 2.76–92.72, P¼ 0.002).

Conclusions: We demonstrate that detection of CTCs overexpressing PD-L1 is feasible and may provide important prognostic
information in HNSCC. Our results suggest that adjuvant PD1 inhibitors deserve evaluation in HNSCC patients in whom PD-L1(þ)

CTCs are detected at the end of curative treatment.

Key words: circulating tumor cells, PD-L1, liquid biopsy, head and neck squamous cell carcinoma, cancer immunotherapy,
checkpoint inhibitors
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tube, 98 tumor cells were detected in the CellSearchTM but only
12/98 (12.2%) of these cells were PD-L1 positive. When 50
SCC47 cells were spiked, 59 tumor cells were enumerated and 13/
59 (22.0%) out of these cells were PD-L1 positive, while when 10
SCC47 cells were spiked, 11 tumor cells were counted and 2/11
(18.2%) cells were PD-L1 positive. No tumor cells were detected
in control blood samples (healthy individuals).

Discussion

We developed and evaluated an RT-qPCR assay for PD-L1
mRNA transcripts and applied it to evaluate PD-L1 overexpres-
sion in the EpCAM(þ) CTC fraction, isolated from peripheral
blood of HNSCC patients.

Many groups including ours have verified the importance of
using molecular assays for CTC molecular characterization [19,
20, 23–33]. We have already shown that molecular assays based
on real-time PCR carried out in nucleic acids material (RNA or

genomic DNA) isolated from the EpCAM(þ) CTC fraction can
give valuable information for the molecular characterization of
CTC at the gene expression [19, 20], DNA methylation [24–26]
and DNA mutation level [27]. It is clear that in this approach
we are not verifying the presence of CTCs by imaging
through immunofluorescence, but through the genetic material
isolated from the EpCAM(þ)fraction. This approach has been
extensively and successfully used also for the molecular
characterization of EpCAM(þ) CTCs in breast and ovarian
cancer patients by other research groups [28–30]. Direct com-
parison studies of our system with this commercially available
test have shown satisfactory correlations when the same sam-
ples were analyzed by both methodologies [31]. In the present
study, we sought to determine the prognostic significance of
PD-L1 overexpression in the EpCAM(þ) CTC fraction at base-
line and at the end of definitive treatment in locally advanced
HNSCC. The use of chemotherapy as adjuvant/consolidation
treatment has not yielded survival improvement in HNSCC
[33–35].
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Figure 2. Kaplan–Meier estimates of (A) PFS for HNSCC patients at baseline with or without PD-L1 overexpression (P¼ 0.761), (B) OS for
HNSCC patients at baseline with or without PD-L1 overexpression (P¼ 0.235), (C) PFS for HNSCC patients at the end of the treatment with or
without PD-L1 overexpression (P¼ 0.011) and (D) OS for HNSCC patients at the end of the treatment with or without PD-L1 overexpression
(P¼ 0.004).
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Background: Targeting the immune checkpoint pathway has demonstrated antitumor cytotoxicity in treatment-refractory
head and neck squamous cell carcinoma (HNSC). To understand the molecular mechanisms underpinning its antitumor
response, we characterized the immune landscape of HNSC by their tumor and stromal compartments to identify novel
immune molecular subgroups.

Patients and methods: A training cohort of 522 HNSC samples from the Cancer Genome Atlas profiled by RNA sequencing
was analyzed. We separated gene expression patterns from tumor, stromal, and immune cell gene using a non-negative matrix
factorization algorithm. We correlated the expression patterns with a set of immune-related gene signatures, potential immune
biomarkers, and clinicopathological features. Six independent datasets containing 838 HNSC samples were used for validation.

Results: Approximately 40% of HNSCs in the cohort (211/522) were identified to show enriched inflammatory response,
enhanced cytolytic activity, and active interferon-c signaling (all, P< 0.001). We named this new molecular class of tumors the
Immune Class. Then we found it contained two distinct microenvironment-based subtypes, characterized by markers of active
or exhausted immune response. The Exhausted Immune Class was characterized by enrichment of activated stroma and anti-
inflammatory M2 macrophage signatures, WNT/transforming growth factor-b signaling pathway activation and poor survival
(all, P< 0.05). An enriched proinflammatory M1 macrophage signature, enhanced cytolytic activity, abundant tumor-infiltrating
lymphocytes, high human papillomavirus (HPV) infection, and favorable prognosis were associated with Active Immune Class
(all, P< 0.05). The robustness of these immune molecular subgroups was verified in the validation cohorts, and Active Immune
Class showed potential response to programmed cell death-1 blockade (P¼ 0.01).
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expression of the proinflammatory M1 macrophage signature
(P< 0.001), although signatures relating to the immune enrich-
ment score and IFN signaling did not differ between the sub-
groups. We therefore coined these two clusters Exhausted and
Active Immune Classes, respectively. Analysis of class compari-
son is shown in supplementary Table S5, available at Annals of
Oncology online. GSEA confirmed the driver role of the WNT/
TGF-b signaling pathways, as well as enrichment of epithelial–
mesenchymal transition-, angiogenesis-, and metastasis-related
pathways in the Exhausted subtype (supplementary Table S6,
available at Annals of Oncology online).

We next sought to integrate these immune molecular
subgroups with the four HNSC molecular classes. We detected
a significantly lower proportion of Immune Class within the
basal and classical subtypes compared with the mesenchymal

and atypical subtypes (18% and 10% versus 58% and 63%,
P< 0.001; supplementary Figure S5A, available at Annals of
Oncology online). We also observed a higher frequency of
Active Immune Class in the atypical molecular subtypes (61%),
while the mesenchymal type of tumors harbored a higher
proportion of the Exhausted Immune Class (42%) (P< 0.001).
For the integration with the six pan-cancer immune subtypes,
we found that about 99% of HNSC patients belong to the
wound healing (25%) or IFN-c dominant (74%) subtypes,
while other subtypes only account for 1% of HNSC samples
(supplementary Figure S5B, available at Annals of Oncology on-
line). The pan-cancer IFN-c dominant subtype may benefit
from immunotherapy, and as expected, a significant higher
proportion of Active Immune Class (35%) were shown in
this subtype.

Figure 1. Identification of head and neck squamous cell carcinoma (HNSC) immune molecular subgroups. (A) Consensus-clustered heat map
of HNSC samples (TCGA dataset, n¼ 522) using exemplar genes of the non-negative matrix factorization (NMF) immune factor and refined by
Random Forest; 211/522 (40%) samples were classified into Immune Class. (B) Nearest Template Prediction (NTP) using a signature capturing
activated stroma identified two distinct immune response subtypes: Exhausted (56/211, 27%; purple bar) and Active (155/211, 73%; blue bar). In
the heat map, high and low single-sample gene set enrichment scores are represented in red and blue, respectively. Positive prediction of acti-
vated stroma signature as per NTP is indicated in red and its absence is in grey. IFN, interferon; TLS, tertiary lymphoid structure.
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analyses, immune molecular subgroups was retained as independ-

ent prognostic factor for OS (P¼ 0.04) and was marginally signifi-

cant for DFS (P¼ 0.05) (supplementary Table S7, available at

Annals of Oncology online). A relatively higher area under the curve

was shown for immune molecular subgroups versus IFN signature

(supplementary Figure S8, available at Annals of Oncology online).

Validation of the novel immune molecular
subgroups

The presence of Immune Class was further evaluated in six add-
itional datasets (n¼ 838 HNSC samples) using the 115 gene-
expression based immune classifier (supplementary Table S3,
available at Annals of Oncology online). Similar to our training
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Figure 2. Kaplan–Meier survival analysis according to immune molecular subgroups. Kaplan–Meier plots of overall survival (A, C, E) and dis-
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Safety and Antitumor Activity of Pembrolizumab in Patients
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Carcinoma: Results of the KEYNOTE-028 Study
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A B S T R A C T

Purpose
To establish the safety profile and antitumor activity of the anti–programmed death 1 receptor
monoclonal antibody, pembrolizumab, in patients with recurrent or metastatic nasopharyngeal
carcinoma (RM-NPC) that expressed programmed death-ligand 1 (PD-L1).

Patients and Methods
KEYNOTE-028 (NCT02054806) is a nonrandomized, multicohort, phase Ib trial of pembrolizumab in
patients with PD-L1–positive advanced solid tumors. Key eligibility criteria for the NPC cohort in-
cluded unresectable or metastatic disease, failure on prior standard therapy, and PD-L1 expression
in 1% or more of tumor cells or tumor-infiltrating lymphocytes. Patients received pembrolizumab
10 mg/kg every 2 weeks up to 2 years or until disease progression or unacceptable toxicity. Primary
end point was objective response rate (ORR) per investigator review. Tumor response was assessed
according to Response Evaluation Criteria in Solid Tumors (RECIST; version 1.1) every 8 weeks for
the first 6 months and every 12 weeks thereafter.

Results
Twenty-seven patients received pembrolizumab. Median age was 52.0 years (range, 18 to 68 years);
92.6% received prior therapies for RM-NPC; 70.4% had received three or more therapies. Partial
response and stable disease were observed in seven and 14 patients, respectively, for an ORR of
25.9% (95%CI, 11.1 to 46.3) over amedian follow-up of 20months. ORRby central reviewwas similar
(26.3%). Drug-related adverse events that occurred in 15% or more of patients included rash (25.9%),
pruritus (25.9%), pain (22.2%), hypothyroidism (18.5%), and fatigue (18.5%). Grade $ 3 drug-related
adverse events occurred in eight patients (29.6%), and there was one drug-related death (sepsis). As
of the data cutoff (June 20, 2016), two patients remained on pembrolizumab treatment.

Conclusion
Pembrolizumab demonstrated antitumor activity and amanageable safety profile in patientswith RM-NPC.

J Clin Oncol 35. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Worldwide, nasopharyngeal carcinoma (NPC) is
rare but has a distinct geographic distribution,
with a predominance in Southeast Asia.1,2 In
Southeast Asia, the predominant histologic sub-
types are nonkeratinizing differentiated or un-
differentiated carcinoma (WHO classes II and
III), with a crude incidence of 4.3 per 100,000
persons per year.2,3 The squamous cell carcinoma
subtype (WHO class I) is more common in
Western populations, with a crude incidence of
less than 1% per 100,000 persons per year.2,3 The

incidence and mortality rate of NPC have de-
creased in several endemic areas, possibly as a re-
sult of lifestyle changes.4,5 Nevertheless, NPC
remains an important cause of death from cancer,
with a global incidence of mortality of approx-
imately 50,000 cases per year.3,6

Standard-of-care treatment for recurrent or
metastatic (RM) NPC is composed of platinum-
containing multiagent chemotherapy7; however,
there are no standard treatment options beyond
the first-line setting for patients with platinum-
refractory RM-NPC. Despite numerous clinical
trials, development of new systemic therapies for
RM-NPC has stagnated in the past 20 years. Phase
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A B S T R A C T

Purpose
To establish the safety profile and antitumor activity of the anti–programmed death 1 receptor
monoclonal antibody, pembrolizumab, in patients with recurrent or metastatic nasopharyngeal
carcinoma (RM-NPC) that expressed programmed death-ligand 1 (PD-L1).

Patients and Methods
KEYNOTE-028 (NCT02054806) is a nonrandomized, multicohort, phase Ib trial of pembrolizumab in
patients with PD-L1–positive advanced solid tumors. Key eligibility criteria for the NPC cohort in-
cluded unresectable or metastatic disease, failure on prior standard therapy, and PD-L1 expression
in 1% or more of tumor cells or tumor-infiltrating lymphocytes. Patients received pembrolizumab
10 mg/kg every 2 weeks up to 2 years or until disease progression or unacceptable toxicity. Primary
end point was objective response rate (ORR) per investigator review. Tumor response was assessed
according to Response Evaluation Criteria in Solid Tumors (RECIST; version 1.1) every 8 weeks for
the first 6 months and every 12 weeks thereafter.

Results
Twenty-seven patients received pembrolizumab. Median age was 52.0 years (range, 18 to 68 years);
92.6% received prior therapies for RM-NPC; 70.4% had received three or more therapies. Partial
response and stable disease were observed in seven and 14 patients, respectively, for an ORR of
25.9% (95%CI, 11.1 to 46.3) over amedian follow-up of 20months. ORRby central reviewwas similar
(26.3%). Drug-related adverse events that occurred in 15% or more of patients included rash (25.9%),
pruritus (25.9%), pain (22.2%), hypothyroidism (18.5%), and fatigue (18.5%). Grade $ 3 drug-related
adverse events occurred in eight patients (29.6%), and there was one drug-related death (sepsis). As
of the data cutoff (June 20, 2016), two patients remained on pembrolizumab treatment.

Conclusion
Pembrolizumab demonstrated antitumor activity and amanageable safety profile in patientswith RM-NPC.
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RESULTS

Patient Baseline Characteristics
Of 47 screened patients with NPC, 44 were evaluable for PD-

L1. PD-L1 positivity was found in 41 (93.2%) of 44 patients (Fig 1);
14 patients did not meet enrollment criteria and 27 were treated
with pembrolizumab. The number of patients who were enrolled
exceeded the planned maximum of 22 to ensure that the cohort
contained at least 22 patients with confirmed measurable disease
per RECIST v1.1 on the basis of central radiology review. Patient
baseline characteristics are listed in Table 1. All patients had re-
ceived prior therapy, most (92.6%) for recurrent or metastatic
disease, and 19 (70.4%) had received at least three prior lines of
therapy for advanced disease.

At the June 20, 2016 cutoff, three of 27 patients had completed
the 2-year pembrolizumab treatment and two remained on study;
22 had discontinued primarily as a result of progressive disease
(13; 48.1%). Other reasons for discontinuation were AEs (five
patients; 18.5%), physician decision (two patients; 7.4%), and
patient withdrawal (two patients; 7.4%).

Safety
All patients experienced at least one AE—grades 3 to 5 in 15

cases (55.6%). Drug-related AEs occurred in 20 patients (74.1%),

with those that occurred in 15% ormore of patients as follows: rash
(25.9%), pruritus (25.9%), pain (22.2%), fatigue (18.5%), and
hypothyroidism (18.5%; Table 2). Grade $ 3 drug-related AEs
occurred in eight (29.6%) of 27 patients and included grade 3
pneumonitis (two patients); one each of proteinuria, anemia,
hepatitis, and facial pain; grade 4 hepatitis and increased blood

Nonevaluable
 Inadequate tumor sample (n = 3)

Excluded
No informed consent
Inadequate organ function
No measurable disease
ECOG PS ineligible
Previously received anti–PD-1,
 anti–PD-L1, and/or anti–PD-L2

(n = 4)
(n = 4)
(n = 3)
(n = 2)
(n = 1)

Patients screened for PD-L1
(N = 47)

Samples evaluable for PD-L1
(n = 44)

Patients positive for PD-L1
(n = 41)

Patients treated as of June 20, 2016
 Completed
 Discontinued
   Adverse event
   Physician decision
   Progressive disease
�On study treatment

(n = 27)
(n = 3)

(n = 22)
(n = 5)
(n = 2)

(n = 13)
(n = 2)

Fig 1. Screening of patients in the nasopharyngeal cohort of KEYNOTE-028.
ECOG PS, Eastern Cooperative Oncology Group performance status; PD-1, pro-
grammed death-1; PD-L1, programmed death-ligand 1; PD-L2, programmed death-
ligand 2.

Table 1. Baseline Demographics and Clinical Characteristics

Characteristic
Value

(N = 27)

Age, median (range), years 52 (18-68)
Sex
Male 21 (77.8)
Female 6 (22.2)

Race
Asian 17 (63.0)
White 6 (22.2)
Black or African American 2 (7.4)
American Indian or Alaskan native 1 (3.7)
Not specified 1 (3.7)

ECOG performance status
0 7 (25.9)
1 20 (74.1)

Histology at baseline
WHO class 1 6 (22.2)
WHO class II and III 18 (66.7)
Other 3 (11.1)

NPC histology
Nonkeratinizing differentiated 10 (37.0)
Undifferentiated 8 (29.6)
Keratinizing squamous cell 6 (22.2)
Unclassified 3 (11.1)

Location of metastases
Bone 16 (59.3)
Liver 14 (51.9)
Lung 14 (51.9)
Lymph node 13 (48.1)
Neck 7 (25.9)
Mediastinum 3 (11.1)
Chest 2 (7.4)
Head 2 (7.4)
Retroperitoneum 2 (7.4)
Pelvis 2 (7.4)
Other* 10 (37)

Prior adjuvant or neoadjuvant systemic therapy 8 (29.6)
Prior lines of therapy for advanced disease
0† 2 (7.4)
1 3 (11.1)
2 3 (11.1)
3 8 (29.6)
4 2 (7.4)
$ 5 9 (33.3)

Patients with prior therapies
Cisplatin 25 (92.6)
Fluorouracil 22 (81.5)
Gemcitabine 14 (51.9)
Carboplatin 11 (40.7)
Docetaxel 10 (37.0)
Cyclophosphamide 7 (25.9)
Paclitaxel 6 (22.2)
Capecitabine 5 (18.5)

NOTE. Data are given as No. (%) unless otherwise noted.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; NPC, nasopha-
ryngeal carcinoma.
*Other sites: brain, skin, spleen, axilla, inguinal region, kidney, ovary, perito-
neum, pleural cavity, and pericardium (n = 1 [3.7%] for each).
†Both patients had previously received adjuvant and/or neoadjuvant
chemotherapy.
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was included.28 The role of PD-L1 expression in inflammatory
and stromal cells was also supported by the results of trials of
anti–PD-1 and anti–PD-L1 therapy in HNSCC, gastric cancer,
bladder cancer, and NSCLC.28 ,37 -39

Despite significant (. 1%) PD-L1 expression in NPC,16-18 the
majority of patients with PD-L1–positive tumors in the current

study did not experience a response to pembrolizumab. A positive
correlation between PD-L1 expression and treatment efficacy has
been suggested in the study of nivolumab for recurrent, metastatic
nonkeratinizing NPC.26 In the current study, the limited sample
size makes it difficult to interpret inferences regarding a correlation
between PD-L1 expression and treatment response or survival. In

Table 3. Confirmed Antitumor Activity (full analysis set per investigator and central review, RECIST v1.1)

Response Evaluation Per Investigator Review (N = 27) Per Central Review (n = 19)

ORR (CR + PR), No.; % (95% CI) 7; 25.9 (11.1 to 46.3) 5; 26.3 (9.1 to 51.2)
CR, No.; % (95% CI) 0; 0 (0 to 12.8) 0; 0.0 (0.0 to 17.6)
PR, No.; % (95% CI) 7; 25.9 (11.1 to 46.3) 5; 26.3 (9.1 to 51.2)
SD, No.; % (95% CI) 14; 51.9 (31.9 to 71.3) 8; 42.1 (20.3 to 66.5)
PD, No.; % (95% CI) 6; 22.2 (8.6 to 42.3) 6; 31.6 (12.6 to 56.6)

DCR (CR + PR + SD $ 6 months), No.; % (95% CI) 10; 37.0 (19.4 to 57.6) 5; 26.3 (9.1 to 51.2)
DCR regardless of SD duration, No. (%) 21 (77.8) 13 (68.4)

Median DOR, No.; months (range) 7; 17.1 (4.8 to $ 22.1+) 5; 10.8 (1.0 to $ 20.9+)
Median duration of SD, No.; months (range) 14; 5.6 ($ 1.7+ to $ 12.9+) 8; 3.8 ($ 1.7+ to $ 5.6+)

Abbreviations: CR, complete response; DCR, disease control rate; DOR, duration of response; ORR, objective response rate; PFS, progression-free survival; PD,
progressive disease; PR, partial response; RECIST v1.1, Response Evaluation Criteria in Solid Tumors version 1.1; SD, stable disease.
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ORR 26%
addition to PDL-1 expression, it may be that the specific tumor
gene signature of inflammation, rather than PD-L1 status, per se,
predicts response to pembrolizumab.27,37 That theory may be
strengthened by future analysis of the gene signatures of tumor
samples of responders versus nonresponders from the current
NPC cohort. Other potential predictive biomarkers, such as the
mutation load of tumors, should also be explored.

With the promising antitumor activity of pembrolizumab in this
heavily pretreated population with RM-NPC, it is logical to explore
the efficacy of pembrolizumab in patients with earlier-stage disease.
Combination therapywith standard platinum-based chemotherapy in
the first-line setting should be considered, given the positive results
recently reported in patients with advanced, nonsquamous NSCLC.40

Pembrolizumab plus chemotherapy—carboplatin plus pemetrexed—
produced an ORR of 55% compared with 29% in the chemotherapy-
alone group. This approach is currently being tested in multiple
cancer types. A second approach is to test the efficacy of pem-
brolizumab as adjuvant therapy in high-risk groups after definitive
chemoradiotherapy. Finally, a randomized phase II study of pem-
brolizumab in patients with platinum-pretreated RM-NPC—
irrespective of PD-L1 status—is currently recruiting patients
(ClinicalTrials.gov NCT02611960) and will help to define the
efficacy of pembrolizumab in patients with PD-L1–negative NPC.

The safety profile of pembrolizumab observed in this
cohort is consistent with that reported elsewhere. For the
majority of patients, pembrolizumab toxicity is manageable
and does not limit treatment41; however, patients in the
current study might differ from those in other studies given
that, in the trials of patients with melanoma, NSCLC, and
HNSCC, for example, only 17%, 42%, and 37% of the

patients, respectively had received three or more lines of prior
therapy27,36,42 compared with most patients (70%) in the
current study. This suggests the presence of more advanced or
more treatment-resistant disease.

In conclusion, pembrolizumabmonotherapy has demonstrated
an acceptable safety profile and promising antitumor activity in
patients with PD-L1–positive RM-NPC for whom therapeutic
options are limited and who have a generally poor outcome.
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Fig 3. Survival outcomes in patients with programmed death-ligand 1–positive recurrent or metastatic nasopharyngeal carcinoma treated with pembrolizumab at
10 mg/kg every 2 weeks. (A) Progression-free survival by investigator review (PFS; n = 27). (B) Overall survival (OS; n = 27). NR, not reached.
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creatine phosphokinase level; and grade 5 sepsis. Drug-related dose
interruption occurred in six patients as a result of upper respiratory
tract congestion, cough, autoimmune hepatitis, and diplopia (all
grade 1); fatigue, arthritis, and herpes zoster (grade 2); and hepatitis
(grade 3). All events resolved. Immune-related AEs—irrespective of
association with treatment—were reported in 10 patients (37.0%)
and included hepatitis (including autoimmune hepatitis; four pa-
tients; 14.8%), hypothyroidism (two patients; 7.4%), and pneu-
monitis (two patients; 7.4%). Immune-related AEs that caused study
discontinuation were proteinuria, pneumonitis, and hepatitis (one
patient each) and increased blood creatine phosphokinase level (two
patients). All but one of these—increased blood creatine phos-
phokinase level—were thought to be drug related.

Antitumor Activity
Confirmed PRs—per investigator review—were documented

in seven patients (25.9%). There were no complete responses
(CRs) (Table 3). An additional 14 patients (51.9%) experienced
stable disease (SD), and six (22.2%) had progressive disease as
a best response. Approximately one third of patients experienced
long-lasting disease control (PR or SD for at least 6 months). One
additional patient experienced unconfirmed PR for an un-
confirmed plus confirmed ORR of 29.6% (95% CI, 13.8% to
50.2%). Central review of 19 cases (Table 3) indicated PR in five
patients (26.3%) and SD in eight patients (42.1%) for an ORR of
26.3% (95% CI, 9.1% to 51.2%). Decrease in target lesion
size—sum of the longest diameters—was observed in 18 patients
(66.7%; Fig 2A). These reductions were durable in the seven
patients with PR, with a median duration of 17.1 months (range,
4.8 to$ 22.1+months; Fig 2B). After a median follow-up duration
of 20 months (range, 2.2 to 26.8 months), median time to re-
sponse, DOR, and duration of SD were 1.9 months (range, 1.4 to
16.4 months), 17.1 months (range, 4.8 to $ 22.1+ months), and
5.6 months (range,$ 1.7+ to$ 12.9+ months), respectively. DOR

of the two patients who remained on treatment at the time of
analysis was $ 17.3+ and $ 22.1+ months (Fig 2C). Median PFS
by investigator review for all patients was 6.5 months (95% CI, 3.6
to 13.4), and the 6 and 12-month PFS rates were 50.0% and
33.4%, respectively (Fig 3). Median PFS by central review was 3.7
(2.1 to 13.4) months, and the 6-month and 12-month PFS rates
were 38.8% and 34.0%, respectively. Median OS and 6- and
12-month OS rates were 16.5 months (95% CI, 10.1 months to not
reached), 85.2%, and 63.0%, respectively (Fig 3).

Among the 27 PD-L1–positive patients who enrolled in this
cohort, 25 (92.5%)were PD-L1 positive in the tumor only, one (3.7%)
was positive in the tumor and stroma, and one (3.7%) was PD-L1
negative in the tumor but positive in the stroma. Tumor samples from
all seven patients with PRs had PD-L1 expression in the tumor only.

DISCUSSION

Prognosis for patients with RM-NPC—accounting for approxi-
mately 10% of all cases—is poor. Palliative chemotherapy, typically
with platinum-based combinations, remains the only treatment
option.7,16,24,25 The present study demonstrates that pembrolizumab
monotherapy has promising antitumor activity and a manageable
safety profile in patients with PD-L1–positive RM-NPC. The an-
titumor efficacy of anti–PD-1 therapy was also supported by a re-
cently reported study of nivolumab in nonkeratinizing, endemic
NPC (n = 43), with an ORR of 19%26

Previous clinical trials of anti–PD-1 therapy indicated a superior
response rate and survival in patients with virus-associated cancers,
such as HPV-infected HNSCC27,28 and Merkel cell carcinoma (pol-
yomavirus).29 For NPC, high plasma EBV DNA levels are a poor
prognostic factor,30 and the dynamic change of plasma EBV DNA
after chemotherapy or chemoradiotherapy correlates with treatment
efficacy.31,32 Such a correlation has also been observed in patients in
the current study.33 In the current trial, the status of pretreatment
plasma EBV DNA or EBV-encoded small RNA status was not reg-
ularly recorded, and because of limited sample size, it is unclear
whether histologically distinct subtypes of NPC—WHO class II and
III versus WHO class I—have different clinical outcomes with regard
to anti–PD-1 or other checkpoint inhibitor therapies. Future studies
with larger sample sizes andmore comprehensive virologic studies are
warranted to address the relationship between EBV infection and the
efficacy of checkpoint inhibitor therapy for NPC.

PD-L1 expression is the most extensively studied biomarker
with respect to predicting the efficacy of anti–PD-1 or anti–PD-L1
therapies. Immunohistochemical methods are commonly used, and
a trend toward more efficacy in tumors with a higher proportion of
PD-L1–positive cells has been observed34; however, many technical
issues, including the choice of antibody, source of tumors tested
(fresh v archival, primary vmetastatic tumors), cutoff values used to
define positivity, and variations in tissue processing,must be solved to
improve test validity.34 An intriguing issue is whether one should
consider staining in tumor cells alone or in tumor cells plus adjacent
immune cells to define PD-L1 positivity. In pembrolizumab trials for
melanoma and non–small-cell lung cancer (NSCLC), high PD-
L1 positivity in tumor cells was strongly correlated with tumor
response and survival35,36; however, such a correlation was
observed in HNSCC only when PD-L1 staining in immune cells

Table 2. Drug-Related Adverse Events, All Grades (occurring in $ 5% of
patients) and Grade 3-5 (occurring in . 0% of patients)

Treatment-Related Adverse Event (N = 27) All Grades Grade 3–5

All 20 (74.1) 8 (29.6)
Rash* 7 (25.9) —

Pruritus 7 (25.9) —

Pain† 6 (22.2) 1 (3.7)‡
Hypothyroidism§ 5 (18.5) —

Fatigue 5 (18.5) —

Hepatitis§ 3 (11.1) 2 (7.4)
Herpes zoster 3 (11.1) —

Pneumonitis§ 3 (11.1) 2 (7.4)
Myalgia 2 (7.4) —

Cough 2 (7.4) —

Diarrhea 2 (7.4) —

Anemia — 1 (3.7)
Sepsis — 1 (3.7)
Blood creatine phosphokinase level increased — 1 (3.7)
Proteinuria — 1 (3.7)

NOTE. Data are given as No. (%) unless otherwise noted.
*Includes macular (n = 1), maculopapular (n = 3), and nondescript (n = 3).
†Includes extremity (n = 1), jaw (n = 1), facial (n = 1), oropharyngeal (n = 1),
abdominal (n = 1), and nondescript (n = 1).
‡Facial pain.
§Adverse event of special interest.
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A B S T R A C T

Purpose
This multinational study evaluated the antitumor activity of nivolumab in nasopharyngeal carcinoma
(NPC). Tumor and plasma-based biomarkers were investigated in an exploratory analysis.

Patients and Methods
Patients with multiply pretreated recurrent or metastatic NPC were treated with nivolumab until
disease progression. The primary end point was objective response rate (ORR) and secondary end
points included survival and toxicity. The expression of programmed death-ligand 1 (PD-L1) and
human leukocyte antigens A and B in archived tumors and plasma clearance of Epstein-Barr virus
DNA were correlated with ORR and survival.

Results
A total of 44 patients were evaluated and the overall ORR was 20.5% (complete response, n = 1;
partial response, n = 8). Nine patients received nivolumab for. 12months (20%). The 1-year overall
survival rate was 59% (95%CI, 44.3% to 78.5%) and 1-year progression-free survival (PFS) rate was
19.3% (95% CI, 10.1% to 37.2%). There was no statistical correlation between ORR and the
biomarkers; however, a descriptive analysis showed that the proportion of patients who responded
was higher among those with PD-L1 positive tumors (. 1% expression) than those with PD-L1-
negative tumors. The loss of expression of one or both human leukocyte antigen class 1 proteins
was associated with better PFS than when both proteins were expressed (1-year PFS, 30.9% v
5.6%; log-rank P = .01). There was no association between survival and PD-L1 expression or plasma
Epstein-Barr virus DNA clearance. There was no unexpected toxicity to nivolumab.

Conclusion
Nivolumab has promising activity in NPC and the 1-year overall survival rate compares favorably with
historic data in similar populations. Additional evaluation in a randomized setting is warranted. The
biomarker results were hypothesis generating and validation in larger cohorts is needed.

J Clin Oncol 36:1412-1418. © 2018 by American Society of Clinical Oncology

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is endemic to
parts of Asia and North Africa, and is etiologically
associated with the Epstein-Barr virus (EBV).
Circulating fragments of EBV-derived DNA can
be detected in . 95% of patients with advanced
NPC and have been shown to closely reflect tu-
mor burden.1 This virus-associated cancer rep-
resents the archetypal “inflamed tumor,” which
often exhibits a dense lymphocytic infiltrate and
increased programmed death-ligand 1 (PD-L1)

expression.2 In a recent study on the whole-exome
sequencing (WES) and whole-genome sequencing
(WGS) of microdissected NPC primary tumors,
researchers found that the mutational load of NPC
may be higher than once reported.3,4 A third of
primary NPC tumors harbor major histocompati-
bility complex (MHC) class I gene aberrations, with
inactivating mutations and rearrangements in the
human leukocyte antigen (HLA) -A andHLA-B genes
being the most common, which invariably results in
the loss of HLA-A and HLA-B protein expression.4

Given these unique biologic characteristics of
NPC, this is, to our knowledge, the first completed
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biomarker analysis. The results of plasma EBV DNA clearance and
expression of PD-L1, HLA-A, and HLA-B are listed in Table 2, and
the prognostic value of these markers was investigated. There was
no statistical difference between patients with PD-L1–negative

versus PD-Ll–positive tumors (expressed in tumor or immune
cells) in terms of OS or PFS (Fig 1). In terms of correlation with
response, six of 18 patients (33%) with PD-L1–positive tumors
responded to nivolumab, whereas only three of 23 patients (13%)
with PD-L1–negative tumors responded, but this did not reach
statistical significance. The swimmer plot in Figure 2 illustrates the
PD-L1 status and duration of response in patients who received
nivolumab. In a descriptive summary of objective RRs and dif-
ferent levels of PD-L1 expression (Appendix Fig A3 and Appendix
Table A2), a higher proportion of patients with higher levels of PD-
L1–expressing tumors responded to nivolumab than those with
PD-L1–negative tumors.

Of the 41 samples that were of sufficient quality for de-
termining HLA expression, a statistical difference in PFS was
observed between patients with tumors showing loss of expression
of HLA-A and/or HLA-B (1-year PFS, 30.9% [95% CI, 16.2% to
59.1%]; median, 4.8 months [95% CI, 2.7 to 14 months]; log-rank
P = .01), and patients with tumors expressing both HLA-A and
HLA-B (1-year PFS, 5.6% [95% CI, 0.8% to 37.9%]; median PFS,
1.8 months [95% CI, 1.7 to 7.4 months]; Fig 3). A similar dif-
ference in OS was observed between patients with tumors
exhibiting loss of expression of HLA-A and/or HLA-B expression
(1-year OS, 75.7% [95% CI, 59.2% to 96.8%]; median OS was not
reached) and patients with tumors expressing both HLA proteins
(1-year OS, 33.8%; 95% CI, 15.5% to 73.7% median OS was 10.9
[9.7-NE]), though the difference was not statistically significant
(log-rank P = .08). There was no association between HLA ex-
pression and RR (HLA-A and HLA-B expressed, RR, 22.22%;
HLA-A and/or HLA-B loss, RR, 19.23%; Fisher P = 1.0).

Plasma EBV DNA was detectable in 97.8% of patients at
baseline (Table 2), which is consistent with the literature of
a detection rate. 96%.1 Patients with plasma EBV DNA clearance
above or below the median half-life (14.1 days) did not differ
statistically in terms of RR and survival. There was no statistical
difference in RR and survival between patients with a rising versus
falling trend of EBV DNA during the first month of nivolumab.

Table 1. Patient Characteristics

Characteristic Data (%)

No. of patients 45
Median age, years (range) 57.0 (37.0-76.0)
Sex
Male 35 (77.8)
Female 10 (22.7)

Race
Asian 37 (82.2)
African American 1 (2.2)
Native Hawaiian/other Pacific Islander 1 (2.2)
White 4 (8.9)
Unknown/not reported 2 (4.4)

ECOG PS
0 17 (37.8)
1 27 (60)
2 1 (2.2)

Histology (WHO)
Undifferentiated NPC 25 (55.6)
Poorly differentiated NPC 12 (26.6)
NPC (not otherwise specified) 8 (17.8)

Most common sites of recurrent disease
Lung 42 (95.5)
Liver 42 (95.5)
Bone 16 (36.4)
Lymph nodes 35 (79.5)
Nasopharynx 13 (29.5)

No. of prior lines of chemotherapy, median (range)
Median (range) 3 (1-9)
1-2 17 (38.6)
3-4 16 (36.4)
. 5 11 (25)

Response to the last line of chemotherapy before study
enrollment

Responders to nivolumab (n = 9):
CR or PR to last chemotherapy 3 (33.3)
SD or PD to last chemotherapy 6 (66.7)

Nonresponders to nivolumab (n = 35)
CR or PR to last chemotherapy 6 (17.1)
SD or PD to last chemotherapy 29 (82.9)

Prior radical radiotherapy*
Yes 37 (82.2)
No 8 (17.8)

No. of nivolumab cycles, median (range) 3 (1-24)
Follow-up for 44 evaluable patients
Progression 35 (79.5)
No progression 9 (20.5)
Alive 28 (63.6)
Dead 16 (36.4)

Reasons for withdrawal from study for the 44 evaluable
patients

Still receiving treatment 5 (11.1)
Adverse events/ toxicity 4 (10.3)
Intercurrent illness 1 (2.6)
Death 1 (2.6)
Disease progression 27 (69.2)
Patient refusal 3 (7.7)
Reasons not specified 3 (7.7)

Abbreviations: CR, complete response; ECOG PS, Eastern Cooperative Group
performance status; NPC, nasopharyngeal carcinoma; PR, partial response; SD,
stable disease.
*Data presented as No. (%) unless otherwise indicated. Data cut off at July 10,
2017.
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1414 © 2018 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Ma et al

Downloaded from ascopubs.org by Mahidol University on August 31, 2018 from 202.028.153.234
Copyright © 2018 American Society of Clinical Oncology. All rights reserved.

biomarker analysis. The results of plasma EBV DNA clearance and
expression of PD-L1, HLA-A, and HLA-B are listed in Table 2, and
the prognostic value of these markers was investigated. There was
no statistical difference between patients with PD-L1–negative

versus PD-Ll–positive tumors (expressed in tumor or immune
cells) in terms of OS or PFS (Fig 1). In terms of correlation with
response, six of 18 patients (33%) with PD-L1–positive tumors
responded to nivolumab, whereas only three of 23 patients (13%)
with PD-L1–negative tumors responded, but this did not reach
statistical significance. The swimmer plot in Figure 2 illustrates the
PD-L1 status and duration of response in patients who received
nivolumab. In a descriptive summary of objective RRs and dif-
ferent levels of PD-L1 expression (Appendix Fig A3 and Appendix
Table A2), a higher proportion of patients with higher levels of PD-
L1–expressing tumors responded to nivolumab than those with
PD-L1–negative tumors.

Of the 41 samples that were of sufficient quality for de-
termining HLA expression, a statistical difference in PFS was
observed between patients with tumors showing loss of expression
of HLA-A and/or HLA-B (1-year PFS, 30.9% [95% CI, 16.2% to
59.1%]; median, 4.8 months [95% CI, 2.7 to 14 months]; log-rank
P = .01), and patients with tumors expressing both HLA-A and
HLA-B (1-year PFS, 5.6% [95% CI, 0.8% to 37.9%]; median PFS,
1.8 months [95% CI, 1.7 to 7.4 months]; Fig 3). A similar dif-
ference in OS was observed between patients with tumors
exhibiting loss of expression of HLA-A and/or HLA-B expression
(1-year OS, 75.7% [95% CI, 59.2% to 96.8%]; median OS was not
reached) and patients with tumors expressing both HLA proteins
(1-year OS, 33.8%; 95% CI, 15.5% to 73.7% median OS was 10.9
[9.7-NE]), though the difference was not statistically significant
(log-rank P = .08). There was no association between HLA ex-
pression and RR (HLA-A and HLA-B expressed, RR, 22.22%;
HLA-A and/or HLA-B loss, RR, 19.23%; Fisher P = 1.0).

Plasma EBV DNA was detectable in 97.8% of patients at
baseline (Table 2), which is consistent with the literature of
a detection rate. 96%.1 Patients with plasma EBV DNA clearance
above or below the median half-life (14.1 days) did not differ
statistically in terms of RR and survival. There was no statistical
difference in RR and survival between patients with a rising versus
falling trend of EBV DNA during the first month of nivolumab.
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Most common sites of recurrent disease
Lung 42 (95.5)
Liver 42 (95.5)
Bone 16 (36.4)
Lymph nodes 35 (79.5)
Nasopharynx 13 (29.5)

No. of prior lines of chemotherapy, median (range)
Median (range) 3 (1-9)
1-2 17 (38.6)
3-4 16 (36.4)
. 5 11 (25)

Response to the last line of chemotherapy before study
enrollment

Responders to nivolumab (n = 9):
CR or PR to last chemotherapy 3 (33.3)
SD or PD to last chemotherapy 6 (66.7)

Nonresponders to nivolumab (n = 35)
CR or PR to last chemotherapy 6 (17.1)
SD or PD to last chemotherapy 29 (82.9)

Prior radical radiotherapy*
Yes 37 (82.2)
No 8 (17.8)

No. of nivolumab cycles, median (range) 3 (1-24)
Follow-up for 44 evaluable patients
Progression 35 (79.5)
No progression 9 (20.5)
Alive 28 (63.6)
Dead 16 (36.4)

Reasons for withdrawal from study for the 44 evaluable
patients

Still receiving treatment 5 (11.1)
Adverse events/ toxicity 4 (10.3)
Intercurrent illness 1 (2.6)
Death 1 (2.6)
Disease progression 27 (69.2)
Patient refusal 3 (7.7)
Reasons not specified 3 (7.7)

Abbreviations: CR, complete response; ECOG PS, Eastern Cooperative Group
performance status; NPC, nasopharyngeal carcinoma; PR, partial response; SD,
stable disease.
*Data presented as No. (%) unless otherwise indicated. Data cut off at July 10,
2017.
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biomarker analysis. The results of plasma EBV DNA clearance and
expression of PD-L1, HLA-A, and HLA-B are listed in Table 2, and
the prognostic value of these markers was investigated. There was
no statistical difference between patients with PD-L1–negative

versus PD-Ll–positive tumors (expressed in tumor or immune
cells) in terms of OS or PFS (Fig 1). In terms of correlation with
response, six of 18 patients (33%) with PD-L1–positive tumors
responded to nivolumab, whereas only three of 23 patients (13%)
with PD-L1–negative tumors responded, but this did not reach
statistical significance. The swimmer plot in Figure 2 illustrates the
PD-L1 status and duration of response in patients who received
nivolumab. In a descriptive summary of objective RRs and dif-
ferent levels of PD-L1 expression (Appendix Fig A3 and Appendix
Table A2), a higher proportion of patients with higher levels of PD-
L1–expressing tumors responded to nivolumab than those with
PD-L1–negative tumors.

Of the 41 samples that were of sufficient quality for de-
termining HLA expression, a statistical difference in PFS was
observed between patients with tumors showing loss of expression
of HLA-A and/or HLA-B (1-year PFS, 30.9% [95% CI, 16.2% to
59.1%]; median, 4.8 months [95% CI, 2.7 to 14 months]; log-rank
P = .01), and patients with tumors expressing both HLA-A and
HLA-B (1-year PFS, 5.6% [95% CI, 0.8% to 37.9%]; median PFS,
1.8 months [95% CI, 1.7 to 7.4 months]; Fig 3). A similar dif-
ference in OS was observed between patients with tumors
exhibiting loss of expression of HLA-A and/or HLA-B expression
(1-year OS, 75.7% [95% CI, 59.2% to 96.8%]; median OS was not
reached) and patients with tumors expressing both HLA proteins
(1-year OS, 33.8%; 95% CI, 15.5% to 73.7% median OS was 10.9
[9.7-NE]), though the difference was not statistically significant
(log-rank P = .08). There was no association between HLA ex-
pression and RR (HLA-A and HLA-B expressed, RR, 22.22%;
HLA-A and/or HLA-B loss, RR, 19.23%; Fisher P = 1.0).

Plasma EBV DNA was detectable in 97.8% of patients at
baseline (Table 2), which is consistent with the literature of
a detection rate. 96%.1 Patients with plasma EBV DNA clearance
above or below the median half-life (14.1 days) did not differ
statistically in terms of RR and survival. There was no statistical
difference in RR and survival between patients with a rising versus
falling trend of EBV DNA during the first month of nivolumab.

Table 1. Patient Characteristics

Characteristic Data (%)

No. of patients 45
Median age, years (range) 57.0 (37.0-76.0)
Sex
Male 35 (77.8)
Female 10 (22.7)

Race
Asian 37 (82.2)
African American 1 (2.2)
Native Hawaiian/other Pacific Islander 1 (2.2)
White 4 (8.9)
Unknown/not reported 2 (4.4)

ECOG PS
0 17 (37.8)
1 27 (60)
2 1 (2.2)

Histology (WHO)
Undifferentiated NPC 25 (55.6)
Poorly differentiated NPC 12 (26.6)
NPC (not otherwise specified) 8 (17.8)

Most common sites of recurrent disease
Lung 42 (95.5)
Liver 42 (95.5)
Bone 16 (36.4)
Lymph nodes 35 (79.5)
Nasopharynx 13 (29.5)

No. of prior lines of chemotherapy, median (range)
Median (range) 3 (1-9)
1-2 17 (38.6)
3-4 16 (36.4)
. 5 11 (25)

Response to the last line of chemotherapy before study
enrollment

Responders to nivolumab (n = 9):
CR or PR to last chemotherapy 3 (33.3)
SD or PD to last chemotherapy 6 (66.7)

Nonresponders to nivolumab (n = 35)
CR or PR to last chemotherapy 6 (17.1)
SD or PD to last chemotherapy 29 (82.9)

Prior radical radiotherapy*
Yes 37 (82.2)
No 8 (17.8)

No. of nivolumab cycles, median (range) 3 (1-24)
Follow-up for 44 evaluable patients
Progression 35 (79.5)
No progression 9 (20.5)
Alive 28 (63.6)
Dead 16 (36.4)

Reasons for withdrawal from study for the 44 evaluable
patients

Still receiving treatment 5 (11.1)
Adverse events/ toxicity 4 (10.3)
Intercurrent illness 1 (2.6)
Death 1 (2.6)
Disease progression 27 (69.2)
Patient refusal 3 (7.7)
Reasons not specified 3 (7.7)

Abbreviations: CR, complete response; ECOG PS, Eastern Cooperative Group
performance status; NPC, nasopharyngeal carcinoma; PR, partial response; SD,
stable disease.
*Data presented as No. (%) unless otherwise indicated. Data cut off at July 10,
2017. Ch
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Fig 1. Waterfall plot. Changes in sum of unidimensional tumor dimension from
baseline and Response Evaluation Criteria in Solid Tumors response in individual
patients. Partial response was defined as a $ 30% decline in tumor dimension.
Progressive disease was defined as a . 20% increase in tumor dimensions.
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DISCUSSION

To our knowledge, this is the first completed report on the clinical
activity and biomarker of response to nivolumab in patients with
recurrent and metastatic NPC. There was no statistical association
between PD-L1 expression in tumor cells or immune cells with
survival and response to nivolumab; however, there was a higher
proportion of patients with PD-L1–positive tumors who responded
to nivolumab numerically in a descriptive analysis. Intriguingly,
loss of HLA-A and HLA-B was associated with better survival
than in patients with HLA-A– and HLA-B–intact tumors.

The pattern of response observed in this study was consistent
with that reported with PD-1 inhibitors in other cancers (Fig 4).10

In the swimmer plot (Fig 2), some delayed responses (including
a CR) are seen beyond the first 4 months of treatment. Disease in
nearly all primary nonresponders progressed within the first
2 months of therapy, with a minority displaying a sharp increase
in tumor dimensions. The latter may well represent hyper-
progression, a newly reported pattern of response occurring in 9%
of patients undergoing treatment with immune-checkpoint in-
hibitors, but this cannot be confirmed without comparison with
tumor growth rate from prior therapy.11

Insights from studies of immune-checkpoint inhibitors have
now shown that survival milestones (eg, 1-year survival rates) can
better reflect the unique patterns of activity of these agents over
other end points such as median survival, because clinical trials of
PD-1 inhibitors often exhibit a late separation of survival curves
and durable SD without tumor shrinkage.10 The 1-year OS rate of
nivolumab (59%; 95% CI, 44.3% to 78.5%) compares favorably
with phase II studies of similar populations. In these studies, the
1-year OS rates were consistently reported at approximately 45%
to cytotoxic and noncytotoxic drugs.8,12-14 In a recently published
phase Ib study of 27 patients with a mixed background of

treatment-naı̈ve or pretreated squamous and nonsquamous NPC,
treatment with pembrolizumab resulted in an RR of 25.9% and
1-year OS of 63%.15 Compared with those in that phase Ib study,15

the patients in our study were all treatment refractory, nearly all
had detectable plasma EBV DNA at baseline, and . 80% had
nonkeratinizing NPC that was more reflective of endemic NPC.

There is significant variability in the literature on the prev-
alence and prognostic significance of PD-L1 expression in NPC,
probably because of the differences in the assays and scoring
methods used across studies.2,16-18 The predictive utility of PD-L1
expression could also depend on the differential expression in
immune cells versus tumor cells.19 Studies that had made such
a distinction found that PD-L1 was expressed in 24% to 33% of
tumor cells and 40% to 75% of immune cells.17,18 This study was
powered based on objective response to nivolumab but not bio-
marker end points; thus, the lack of statistical correlation with PD-
L1 expression could be due to the limited sample size. Interestingly,
as shown in Appendix Fig A3, a higher proportion of objective
responses was observed in patients with PD-L1–positive tumors
($ 1% expression) than those with PD-L1–negative tumors. In
Checkmate 141 (Nivolumab for Recurrent Squamous-Cell Carci-
noma of the Head and Neck), a numerically higher (but non-
statistical) benefit in survival was reported in patients with PD-
L1–positive tumors who received nivolumab than in those who
received chemotherapy.20 In the Pembrolizumab for patients with
PD-L1–Positive Advanced Gastric Cancer (Keynote 012) study,
patients with PD-L1–positive tumors had higher RR to pem-
brolizumab than those with PD-L1–negative tumors.21 Notably, the
complete responder in this study also possessed the highest level of
PD-L1 expression in the immune cells (Appendix Table A2). It is also
possible that the clinical significance of PD-L1 expression in NPC
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Fig 2. Swimmer plot. Duration of response and time to response in patients
receiving nivolumab. CR, complete response; PD, progressive disease; PR, partial
response.

Table 2. Biomarker Characteristics: Summary

Biomarker No. (%)

Plasma EBV DNA (n = 45)
Trend in cycle 1

Not detectable 1 (2.2)
Increasing 19 (42.2)
Decreasing 25 (55.6)

Plasma EBV DNA, median (range)
Baseline, copies/mL 6,438 (0-1.18 3 106)
Half-life, days 14.1 (4.0-994.3)

PD-L1 expression in tumor cells (n = 45)
Expressed , 1% 24 (53.3)
Expressed $ 1% 18 (40)
Unknown 3 (6.7)

PD-L1 expression in immune cells (n = 45)
Expressed , 1% 31 (68.9)
Expressed $ 1% 10 (22.2)
Unknown 4 (8.9)

HLA-A expression (n = 45)
Expressed 26 (57.8)
Loss 15 (33.3)
Unknown 4 (8.9)

HLA-B expression (n = 45)
Expressed 21 (46.7)
Loss 20 (44.4)
Unknown 4 (8.9)

Abbreviations: EBV, Epstein-Barr virus; HLA, human leukocyte antigen; PD-L1,
programmed death-ligand 1.
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may be contingent on the disease stage or other factors in the tumor
microenvironment that are yet to be identified, such as the intra-
tumor level of CD3+ cells.18 We used archived (as opposed to fresh)
tumor samples for the determination of PD-L1 expression, and tissue
fixation and storage may potentially undermine the detection of PD-
L1 protein, as reported in renal cell cancers.22 However, archived
tumors have been used effectively to determine the eligibility of
enrollment in some studies of PD-1 inhibitors in lung cancer.23

Genetic alterations in MHC class 1 genes are found in 30% of
NPC primary tumors and have been linked to inferior OS and
disease-free survival.4 Approximately 50% of these alterations were
gene rearrangements and inactivating mutations in HLA-A and

HLA-B genes, and this invariably would result in varying loss of the
respective protein expression in NPC tumors.4 In this study, HLA-A
and HLA-B expression did not predict response to nivolumab;
however, there was a statistical association between loss of expression
of HLA-A and/or HLA-B and PFS. This finding is intriguing in light
of the result of our WGS/WES study, in which patients with somatic
alterations of MHC class I genes had poorer outcomes.4 This dif-
ference could be partly explained by the differences in the patient’s
clinical stage and origin of the tumor specimens. The WGS/WES
study involved mainly the primary tumors of patients with non-
metastatic disease, whereas our study focused on recurrent and/or
metastatic NPC and using a mixture of archived primary and
metastatic tumors. The heterogeneity of HLA class 1 expression in
solid tumors was highlighted by Garrido et al,6 who described
a progressive transition of tumor cells from anMHC class 1–positive
“permissive” phase during early carcinogenesis, to a “nonpermissive”
phase in a later state, as typified by growing populations of MHC
class 1–negative cancer cells that have escaped T-cell killing. Thus,
the frequency of MHC class 1 downregulation could be higher in
metastatic than in primary tumors.24

In the literature, loss of HLA class 1 expression in solid tumors
has mostly been associated with poorer prognosis and a more
immune-suppressive microenvironment.6,25 However, the litera-
ture is lacking on the clinical significance of MHC class 1
downregulation in the tumors of patients undergoing anti-PD-1/
PD-L1 therapy.26,27 In melanoma, a nonstatistical association
between response to PD-L1 inhibitor and intact MHC-1 gene
expression has been found,28,29 whereas another study found an
association with increased HLA-A mRNA expression.26 Although
the presence of an intact MHC antigen–presenting machinery
may be a prerequisite for successful therapy with PD-1 inhibitors
in most cancers, some tumors, such as Hodgkin lymphoma, often
exhibit total loss of MHC class 1 expression in. 50% of patients
and are responsive to PD-1 inhibitors.30 In our study, the fa-
vorable prognostic significance of loss of HLA-A and/or HLA-B
may raise speculation about whether there could be alternative

3 6 9 12 15 18 21 240

20

40

60

80

100

HLAA expression:
     Median (95% CI)

Both expressed:
     95% CI, median PFS 10.94 months (7.59 to NA)

Loss of HLA−A or HLA−B:
     95% CI, NA (13.24 to NA)

Time Since Registration (months)

PF
S 

(%
)

No. at risk:

Both expressed: 20 17 14 9 4 1

Loss of HLA–A
and/or HLA–B: 24 22 19 15 12 8 4 1

Fig 3. Progression-free survival curves of patients with tumors expressing both
HLA-A and HLA-B (blue line), versus loss of HLA-A and/or HLA-B expression (gold
line). HLA, human leukocyte antigen; NA, not achieved; PFS, progression-free
survival.

0 5 10 15 20

−100

−50

0

50

100

Cycle

Ch
an

ge
 F

ro
m

 B
as

el
in

e 
in

 th
e 

Su
m

of
 th

e 
Lo

ng
es

t D
ia

m
et

er
 o

f T
ar

ge
t L

es
io

ns
 (%

)

+20% tumor
 increase

−30% tumor
 reduction

Nonresponder

CR/PR

Fig 4. Spider plot of changes in the sum of
unidimensional tumor measurements over time.
The dotted blue line represents responders
(according to Response Evaluation Criteria in
Solid Tumors); solid gold line represents non-
responders. CR, complete response; PR, partial
response.

1416 © 2018 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Ma et al

Downloaded from ascopubs.org by Mahidol University on August 31, 2018 from 202.028.153.234
Copyright © 2018 American Society of Clinical Oncology. All rights reserved.

DISCUSSION

To our knowledge, this is the first completed report on the clinical
activity and biomarker of response to nivolumab in patients with
recurrent and metastatic NPC. There was no statistical association
between PD-L1 expression in tumor cells or immune cells with
survival and response to nivolumab; however, there was a higher
proportion of patients with PD-L1–positive tumors who responded
to nivolumab numerically in a descriptive analysis. Intriguingly,
loss of HLA-A and HLA-B was associated with better survival
than in patients with HLA-A– and HLA-B–intact tumors.

The pattern of response observed in this study was consistent
with that reported with PD-1 inhibitors in other cancers (Fig 4).10

In the swimmer plot (Fig 2), some delayed responses (including
a CR) are seen beyond the first 4 months of treatment. Disease in
nearly all primary nonresponders progressed within the first
2 months of therapy, with a minority displaying a sharp increase
in tumor dimensions. The latter may well represent hyper-
progression, a newly reported pattern of response occurring in 9%
of patients undergoing treatment with immune-checkpoint in-
hibitors, but this cannot be confirmed without comparison with
tumor growth rate from prior therapy.11

Insights from studies of immune-checkpoint inhibitors have
now shown that survival milestones (eg, 1-year survival rates) can
better reflect the unique patterns of activity of these agents over
other end points such as median survival, because clinical trials of
PD-1 inhibitors often exhibit a late separation of survival curves
and durable SD without tumor shrinkage.10 The 1-year OS rate of
nivolumab (59%; 95% CI, 44.3% to 78.5%) compares favorably
with phase II studies of similar populations. In these studies, the
1-year OS rates were consistently reported at approximately 45%
to cytotoxic and noncytotoxic drugs.8,12-14 In a recently published
phase Ib study of 27 patients with a mixed background of

treatment-naı̈ve or pretreated squamous and nonsquamous NPC,
treatment with pembrolizumab resulted in an RR of 25.9% and
1-year OS of 63%.15 Compared with those in that phase Ib study,15

the patients in our study were all treatment refractory, nearly all
had detectable plasma EBV DNA at baseline, and . 80% had
nonkeratinizing NPC that was more reflective of endemic NPC.

There is significant variability in the literature on the prev-
alence and prognostic significance of PD-L1 expression in NPC,
probably because of the differences in the assays and scoring
methods used across studies.2,16-18 The predictive utility of PD-L1
expression could also depend on the differential expression in
immune cells versus tumor cells.19 Studies that had made such
a distinction found that PD-L1 was expressed in 24% to 33% of
tumor cells and 40% to 75% of immune cells.17,18 This study was
powered based on objective response to nivolumab but not bio-
marker end points; thus, the lack of statistical correlation with PD-
L1 expression could be due to the limited sample size. Interestingly,
as shown in Appendix Fig A3, a higher proportion of objective
responses was observed in patients with PD-L1–positive tumors
($ 1% expression) than those with PD-L1–negative tumors. In
Checkmate 141 (Nivolumab for Recurrent Squamous-Cell Carci-
noma of the Head and Neck), a numerically higher (but non-
statistical) benefit in survival was reported in patients with PD-
L1–positive tumors who received nivolumab than in those who
received chemotherapy.20 In the Pembrolizumab for patients with
PD-L1–Positive Advanced Gastric Cancer (Keynote 012) study,
patients with PD-L1–positive tumors had higher RR to pem-
brolizumab than those with PD-L1–negative tumors.21 Notably, the
complete responder in this study also possessed the highest level of
PD-L1 expression in the immune cells (Appendix Table A2). It is also
possible that the clinical significance of PD-L1 expression in NPC
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Fig 2. Swimmer plot. Duration of response and time to response in patients
receiving nivolumab. CR, complete response; PD, progressive disease; PR, partial
response.

Table 2. Biomarker Characteristics: Summary

Biomarker No. (%)

Plasma EBV DNA (n = 45)
Trend in cycle 1
Not detectable 1 (2.2)
Increasing 19 (42.2)
Decreasing 25 (55.6)

Plasma EBV DNA, median (range)
Baseline, copies/mL 6,438 (0-1.18 3 106)
Half-life, days 14.1 (4.0-994.3)

PD-L1 expression in tumor cells (n = 45)
Expressed , 1% 24 (53.3)
Expressed $ 1% 18 (40)
Unknown 3 (6.7)

PD-L1 expression in immune cells (n = 45)
Expressed , 1% 31 (68.9)
Expressed $ 1% 10 (22.2)
Unknown 4 (8.9)

HLA-A expression (n = 45)
Expressed 26 (57.8)
Loss 15 (33.3)
Unknown 4 (8.9)

HLA-B expression (n = 45)
Expressed 21 (46.7)
Loss 20 (44.4)
Unknown 4 (8.9)

Abbreviations: EBV, Epstein-Barr virus; HLA, human leukocyte antigen; PD-L1,
programmed death-ligand 1.
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may be contingent on the disease stage or other factors in the tumor
microenvironment that are yet to be identified, such as the intra-
tumor level of CD3+ cells.18 We used archived (as opposed to fresh)
tumor samples for the determination of PD-L1 expression, and tissue
fixation and storage may potentially undermine the detection of PD-
L1 protein, as reported in renal cell cancers.22 However, archived
tumors have been used effectively to determine the eligibility of
enrollment in some studies of PD-1 inhibitors in lung cancer.23

Genetic alterations in MHC class 1 genes are found in 30% of
NPC primary tumors and have been linked to inferior OS and
disease-free survival.4 Approximately 50% of these alterations were
gene rearrangements and inactivating mutations in HLA-A and

HLA-B genes, and this invariably would result in varying loss of the
respective protein expression in NPC tumors.4 In this study, HLA-A
and HLA-B expression did not predict response to nivolumab;
however, there was a statistical association between loss of expression
of HLA-A and/or HLA-B and PFS. This finding is intriguing in light
of the result of our WGS/WES study, in which patients with somatic
alterations of MHC class I genes had poorer outcomes.4 This dif-
ference could be partly explained by the differences in the patient’s
clinical stage and origin of the tumor specimens. The WGS/WES
study involved mainly the primary tumors of patients with non-
metastatic disease, whereas our study focused on recurrent and/or
metastatic NPC and using a mixture of archived primary and
metastatic tumors. The heterogeneity of HLA class 1 expression in
solid tumors was highlighted by Garrido et al,6 who described
a progressive transition of tumor cells from anMHC class 1–positive
“permissive” phase during early carcinogenesis, to a “nonpermissive”
phase in a later state, as typified by growing populations of MHC
class 1–negative cancer cells that have escaped T-cell killing. Thus,
the frequency of MHC class 1 downregulation could be higher in
metastatic than in primary tumors.24

In the literature, loss of HLA class 1 expression in solid tumors
has mostly been associated with poorer prognosis and a more
immune-suppressive microenvironment.6,25 However, the litera-
ture is lacking on the clinical significance of MHC class 1
downregulation in the tumors of patients undergoing anti-PD-1/
PD-L1 therapy.26,27 In melanoma, a nonstatistical association
between response to PD-L1 inhibitor and intact MHC-1 gene
expression has been found,28,29 whereas another study found an
association with increased HLA-A mRNA expression.26 Although
the presence of an intact MHC antigen–presenting machinery
may be a prerequisite for successful therapy with PD-1 inhibitors
in most cancers, some tumors, such as Hodgkin lymphoma, often
exhibit total loss of MHC class 1 expression in. 50% of patients
and are responsive to PD-1 inhibitors.30 In our study, the fa-
vorable prognostic significance of loss of HLA-A and/or HLA-B
may raise speculation about whether there could be alternative
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survival.
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� Pembrolizumab and nivolumab demonstrated clinical 
activity for R/M NPC, but not yet FDA approved.

� Several studies of immune checkpoint inhibitors in 
NPC are underway. 

� PD-L1 and biomarkers are not well established.
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