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A B S T R A C T

Background: Head and neck squamous cell carcinoma (HNSCC) is the sixth most frequent malignancy world-
wide. Immunotherapy with checkpoint inhibitors such as anti-CTLA-4 anti-PD-l and anti-PD-L1 has shown
promising results in treating patients with recurrent/metastatic HNSCC. We aimed to systematically review the
literature on immunotherapy with checkpoint inhibitors as treatment for advanced HNSCC.
Methods: PubMed, EMBASE, Google Scholar, and the Cochrane Library were systematically searched with the
purpose of identifying all studies addressing the effects of checkpoint inhibitors as treatment for HNSCC in
human clinical trials. We assessed effects of the treatment with checkpoint inhibitors on overall survival (OS),
progression-free survival (PFS), HPV-status, PD-L1-status, and adverse events.
Results: We identified eight studies (n= 1431 patients) with an OS ranging from 7.5 to 14.9 months in PD-1
checkpoint inhibition. Two studies (n=541 patients) observed a significantly (p= 0.01) and (p= 0.007)
longer OS with checkpoint inhibition compared to standard-treatment, platinum-based chemotherapy (7.5
versus 5.1 months and 14.9months versus 10.7 months). Two studies (n=411 patients) found an increased OS
associated with PD-L1-postive patients compared to PD-L1-negative patients. The eight studies have hetero-
genous design with only three being randomized.
Conclusion: Few clinical trials have investigated the treatment with checkpoint inhibition for HNSCC. Solely,
two randomized studies comprising 240 patients treated with nivolumab (anti-PD-L) and 301 patients treated
with pembrolizumab (anti-PD-L) showed a significantly prolonged survival in patients with recurrent/metastatic
HNSCC compared with standard-treatment. There is a further need for randomized clinical trials investigating a
putative role of checkpoint inhibition in the treatment of advanced HNSCC.

Introduction

Head and neck cancer is the sixth most frequent malignancy
worldwide, with more than 650,000 reported cases annually [1] and
with a continued increase in incidence [2]. The far majority of head and
neck cancers are squamous cell carcinomas (HNSCC) accounting for
more than 90% of the cancers located in the upper aerodigestive tract
[3]. Several standard treatment modalities for HNSCC exist including
surgery, chemotherapy, radiation-therapy, and epidermal growth factor
receptor inhibitor (Cetuximab) [4]. Despite the development in che-
motherapy, targeted radiotherapy, and surgery the estimated 5-year
survival of HNSCC remains approximately 50% [5]. A potentially new
therapeutic option in the treatment of HNSCC is immunotherapy tar-
geting checkpoint inhibitors, such as cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) or programmed cell death protein 1 (PD-1) [6]. The
basic principle of immunotherapy is to activate and allow the

endogenous immune system to attack the tumor cells.
PD-1 and CTLA-4 downregulate and inhibit T-cells by binding with

its ligands programmed death-ligand 1 (PD-L1)/programmed death-li-
gand 2 (PD-L2) or CD80/CD86. Unlike the ligands of CTLA-4, which are
only expressed on antigen presenting cell (APC), PD-1’s ligands are
more widely expressed on leukocytes, nonlymphoid tissues, and some
tumors including HNSCC [7]. Under normal conditions the immune
system uses the inhibitory checkpoint pathways with CTLA-4 and PD-1
to regulate targeted activation and immune response against pathogens,
while preventing the immune system from attacking itself and inducing
autoimmune activity. Tumor cells take advantage of these pathways to
create an immunosuppressive microenvironment in which they can
hide themselves from the immune system [8]. Some tumors including
HNSCC have showed an increased expression of PD-L1, the ligands for
PD-1, which is thought to help create the immunosuppressive micro-
environment around the tumor [9]. Blockage of the immunosuppressive
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effect of PD-1, PD-L1, and CTLA-4 has shown promising results as an-
titumor immunity, allowing T-cells to be upregulated and attack tumor
cells, leading to a potentially reduction of the tumor. This has been seen
in the treatment of solid tumors including HNSCC [10].

This study systematically evaluated the literature on the effects of
checkpoint inhibitors on HNSCC patients. We aimed to clarify the po-
tential benefits and harms in the use of immunotherapy targeting
checkpoint inhibitors in patients with advanced HNSCC.

Materials and methods

This systematic review was conducted with reference to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [11].

Systematic literature search and eligibility criteria

One author (MG) systematically searched PubMed, Clinicaltrials.
gov, Cochrane Library, Embase, and Google Scholar for articles in
English published between 1980 and 2018. The search was updated on
May the 25th 2018, with a final revision on December the 15th 2018.

We included studies assessing the effect of checkpoint inhibitors as
immunotherapy treatment for HNSCC in human clinical trials, regard-
less of the publication date. We included studies using the checkpoint
inhibitors anti-CTLA-4, anti-PD-1, and anti-PD-L1 as treatment for
squamous cell carcinoma located in the upper aerodigestive tract in-
cluding the oral cavity, oropharynx, nasopharynx, hypopharynx, sino-
nasal cavity and larynx. Studies assessing the effect of immunotherapy
with checkpoint inhibitors in combinations with either radiation
therapy or chemotherapy were excluded.

The following keywords were used when searching PubMed and
Embase: Immunotherapy and Head and neck cancer or HNC or head
and neck squamous cell carcinoma or HNSCC or squamous cell carci-
noma or SCC or SCCHN and oral cavity or nasal cavity or pharynx or
nasopharynx or oropharynx or hypopharynx or sinonasal and CTLA-4
or PD-1 or PD-L1 or checkpoint inhibitors or checkpoint blockade or
checkpoint molecules or Nivolumab or Pembrolizumab or Ipilimumab
or Durvalumab or Atezolizumab. In Cochrane Library keywords sear-
ched were: Head and Neck cancer and Immunotherapy or CTLA-4 or
PD-1. In Google Scholar keywords searched were: Head and neck
cancer and PD-1 or CTLA-4 or PD-L1. In Clinicaltrials.org the search
was performed with the keywords: “Head and neck cancer and PD-1”
and “head and neck cancer and CTLA-4”

The following data were extracted from the included studies: Study
design, study participants, focus of interest, statistic test, median age of
participants, pretreatment, drug, antibody, dose, adverse events, death
related to treatment, overall response rate (ORR), overall survival (OS),
progression-free survival (PFS), HPV-Status, OS or PFS stratified on
HPV-status, PD-L1- Status, OS or PFS stratified on PD-L1-status and
cancer locations.

Results

The electronic literature search generated 670 potentially eligible
studies of which four studies met the inclusion criteria. Four additional
study was found through reference list (Fig. 1).

Eight clinical trials (n= 1431 patients) evaluated the safety and
effects of checkpoint inhibitors as a treatment for HNSCC (Table 1 and
2). All clinical trials included patients that had been diagnosed with
recurrent HNSCC and whose previous standard treatment had failed, or
primary HNSCC with metastatic spreading expect one trial using
checkpoint inhibitors as a first-line systemic therapy for HNSCC [12].
Cancers were located in the oral cavity, oropharynx, hypopharynx,
larynx, pharynx, or other regions in the head and neck (Table 3).

Six studies [12–17] evaluated the use of PD-1 antibodies, one study,
Hanna G. et al. [18] included patients treated with both anti-PD-1 and

anti-PD-L1 and Siu L. et al. evaluated PD-L1 and CTL-4 antibodies in a
combination arm and as monotherapy arms (Table 4).

In three of eight studies the design comprised a prospective, single-
arm, multicenter, open-label, clinical trials [13,15,16]. One study was
conducted as a 3-year retrospective observational cohort study [18].
The remaining studies were prospective randomized clinical trials
[12,14,17,19].

PFS and OS after checkpoint inhibition of HNSCC

Six of the included studies (n=737 patients) evaluated the PFS in
patients treated with a PD-1 antibody [13–17]. The PFS measured in the
studies ranged from 2.0months [14,15,17] to 2.1 months [13,16]. Siu
LL. et al. also evaluated the PFS of an PD-L1, CLTA-4 antibody and a
combination of PD-L1/CTLA-4 with a PFS of 1.9months, 1.9months
and 2.0 months, respectively [19].

Seven studies (n=1164 patients) [12–18] investigated the OS after
treatment with PD-1 checkpoint inhibitors, the OS varied from
7.5 months to 14.9months [12,14]. One study evaluated the OS of an
PD-L1, CLTA-4 antibody, and a combination of PD-L1/CTLA-4 with a
OS of 6.0 months, 5.5months and 7.6months, respectively [19].

One of the randomized studies [14] with 240 patients, found no
significant difference (p=0.32) regarding PFS between the group
(n= 240) of patients treated with checkpoint inhibitors and the group
receiving standard treatment. However, a significantly (p= 0.01)
longer OS was observed in the checkpoint inhibitor group with an OS of
7.5 months, versus the standard-treatment group with an OS of
5.1 months [14]. Burtness B. et al. also found a significant difference in
the OS (p=0.0007) between checkpoint inhibition (14.9months) and
standard-treatment (10.7months) [12].

The effects of checkpoint inhibition regarding HPV- and PD-L1 status

Five studies (n=837 patients) analyzed the OS or the PFS stratified
according to HPV-status [13–15,17,18]. Three of the five studies in-
cluded more HPV-negative patients (n=244) compared to HPV-posi-
tive patients (n=110) [13,15,18]. Two (n= 366 patients) of the five
studies demonstrated a higher OS in HPV-positive patients compared to
HPV-negative patients (p= 0.02), with an OS of 9.1 months [14] and
11.0 months [18] in the HPV-positive group versus an OS in the HPV-
negative group of respectively 7.5months [14] and 7.0months [18].
Ferris R. et al.’s two year update reported an OS of 9.1 months in the
HPV-positive versus 7.7months in HPV-negative patients [17]. Seiwert
T. et al. [15] did not examine the OS in HPV- positive patients, but
found an OS of 8.0 months in HPV-negative patients. Furthermore,
Seiwert T. et al. [15] reported that HPV-positive patients had a two
months longer PFS compared to HPV-negative patients (4 months in
HPV-positive patients versus 2months in HPV-negative patients). One
study [13] found no difference in OS and PFS between the two HPV
subgroups (OS= 8.0months and PFS=2.1months regardless of HPV-
status).

Five studies (n=978 patients) analyzed the OS or PFS of the PD-L1
subgroups [13–15,17,19] (Table 2). Three studies, Bauml J. et al. [13]
and Ferris et al. [14,17], found an increased OS in PD-L1-positive pa-
tients compared to PD-L1-negative. Bauml J. et al. reported a 4%
greater 6-months PFS in PD-L1-positive patients compared to PD-L1-
negative patients [13].

Adverse events related to checkpoint inhibitor treatment

All eight studies investigated the safety of their clinical trials re-
garding adverse events related to treatment. In six studies (n= 1004
patients) [13–17,19] the most common grade of adverse events were
graded as 1 and 2 assessed according to the Common Terminology
Criteria for Adverse Events, version 4.0 [21]. Ferris R. et al. ’s. two year
update (n= 240 patients) found a higher reported treatment related
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adverse events of grade 1 or 2 with 146 patients compared to 36 pa-
tients of grade 3 or higher [17]. Two studies (n=427 patients) only
presented the number of patients with adverse events graded 3 or
higher [12,18]. The most common adverse event in six of the included
studies (n=1004 patients) was fatigue (14.05%) followed by nausea
(6.57%) [13–17,19]. The most common adverse events grade 3 or
higher reported by Hanna G. et al. [18] were gastrointestinal, hepatic or
pancreatic inflammation.

Four studies (n= 524 patients) had patients drop-out due to treat-
ment-related adverse events, with a 4% (n=7 patients) dropout in
[13], 8.3% (n=5 patients) in [15], 3.8% (n=1) in [16], and 4.8%
(n=12 patients) in [19].

One study (n= 240 patients) [14] compared the adverse events
found in a group of patients treated with checkpoint inhibitor to a
standard treatment group. The study found that the rates of treatment-
related adverse events of any grade were similar in the two groups.
However, the checkpoint inhibitor group had fewer reported cases of
grade 3 and 4 adverse events compared to the standard-treatment
group, with 13.1% of patients in the checkpoint inhibitor group versus
35.1% of patients in the standard treatment group. The two-year update
from Ferris R. et al. reported a larger amount of patients experiencing
adverse events of grade 3 and 4 in to the standard-treatment group with
36.9% compared to checkpoint inhibitor group with 15.3% [17].

Three studies reported treatment-related deaths; in Bauml et al. one
patient died of treatment-related pneumonitis [13], in Siu LL. et al. one
patient died of treatment-related grade 3 acute respiratory failure [19],
and Ferris. R et al. reported two treatment-related deaths caused by
pneumonitis and hypercalcemia [14,17].

Discussion

This study is the first systematic review to evaluate the effect of
immunotherapy with checkpoint inhibitors for HNSCC.

We found that treating recurrent/metastatic HNSCC patients with
PD-1 checkpoint inhibitors resulted in an OS ranging from 7.5 months
to 14.9months. There is a clear interval-difference of 7.4 months be-
tween the highest reported OS and the lowest. Furthermore, in patients

treated with a combination of PD-L1/CTLA-4 checkpoint inhibitors
resulted in an OS of 7.6 months. PD-L1 and CTLA-4 checkpoint in-
hibitors as separate monotherapy resulted in OS of 6.0 months and
5.5 months respectively. These differences in the results between the
studies could have been caused by the variations in treatment regimen,
drug, dose, and selection-bias. The study with the highest OS
(14.9 months) used a dose of 200mg anti-PD-1(pembrolizumab) every
3 weeks [12], while the study with the lowest OS (7.5 months) used a
dose of 3mg/kg anti-PD-1 (Nivolumab) every 2 weeks [14].

Ferris R. et al. [14] randomized trial found that the OS was sig-
nificantly (p=0.01) prolonged in patients treated with checkpoint
inhibitors compared to standard treatment in recurrent/metastatic
HNSCC patients. This is support by the two-year update from the same
group [17]. Similar results were found by the largest randomized trial
by Burtness B et al. [12] as the study reported a significantly
(p= 0.0007) prolonged OS in treated with checkpoint inhibitor com-
pared to standard treatment. It should be noted the study included
patients with no prior line of therapy [12].

Tringale KR. and Carroll KT. et al. [22] published a study on the
cost-effectiveness of checkpoint inhibition compared to standard
treatment in HNSCC patients. This study showed that the overall cost of
treatment increased with $117 800 (from $57 000 with standard
treatment to $174 800 with checkpoint inhibition) and concluded that
checkpoint inhibition at its current cost was not a cost-effective treat-
ment compared to standard therapy, even if it has an improved OS in
patients with recurrent/metastatic HNSCC.

Ferris R. et al. [14] and Hanna G. et al.’s [18] studies showed a
significantly improved OS based on nivolumab [14] and anti-PD-L/anti-
PD-L1 [18] in HPV-positive patients versus HPV-negative (p=0.02).
The improved OS in HPV-positive patients was not reported in all of the
included studies. Based on the published outcome, it is difficult to
conclude whether an association between HPV-positivity and better OS
exists, and if HPV-status can be used as a biomarker for the efficacy of
checkpoint inhibitors on HNSCC patients. There is a need for additional
clinical trials investigating the subject.

Most of the studies, investigating OS or PFS stratified on PD-L1-
status, found that HNSCC patients with PD-L1-postive tumors

Table 3
Overview of cancer types included in the studies.

Author
(Year)
[Reference]

Oropharynx cancer Hypopharynx cancer Oral cavity cancer Larynx cancer Pharynx cancer Other cancersa

Bauml J. et al.
(2017)
[13]

N=100 N=7 N=28 N=30 N=1 N=4

Ferris R. et al.
(2016)
[14]

No data No data N=108 N=34 N=92 N=6

Seiwert T. et al.
(2016)
[15]

N=16 N=1 N=11 N=2 No data N=30

Tahara M. et al.
(2018)
[16]

N=4 N=9 N=5 N=4 No data N=4

Hanna G. et al.
(2018)
[18]

N=56 No data N=26 N=14 No data N=28

Ferris R. et al.
(2018)
[17]

No data No data N=108 N=34 N=92 N=6

Burtness B. et al.
(2018)
[12]

No data No data No data No data No data No data

Siu L. et al.
(2018)
[19]

N=107 N=42 N==54 N=60 No data N=3

a Other cancer is a group we made which includes all other cancer locations.
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responded with greater antitumor activity compared to PD-L1- negative
tumors. PD-L1-positive HNSCC patients have an increased expression of
PD-L1 compared to PD-L1 negative patients, which could be an ex-
planation as to why PD-L1-positive tumors respond with greater anti-
tumor activity when treated with checkpoint inhibitors targeting PD-1.
When dealing with HNSCC, PD-L1-status could potentially function as a
biomarker, indicating which patients would have the best response to
immunotherapy-treatment with checkpoint inhibitors.

We found that most adverse events due to treatment with check-
point inhibitors were graded as 1 or 2 (n=493 patients; 77.2%) in-
different of drug or combination-therapy. When compared to standard
treatment Ferris R. et al. studies support that checkpoint inhibition is
associated with fewer toxic effects of grade 3 or 4 [14,17]. Furthermore,
long term survivors treated with checkpoint inhibitors reported better
quality of life in contrary to patients who received other palliative
treatment including cetuximab and chemotherapy [14].

In conclusion, data on checkpoint inhibition on HNSCC is still very
sparse. Checkpoint inhibition has showed antitumor activity. However,
only two randomized studies comprising 240 patients and 301 patients,
respectively, found a significantly prolonged survival in recurrent or
metastatic HNSCC [12,14]. The present literature suggests that check-
point inhibition showed greater antitumor activity in PD-L1-positive
HNSCC patients and resulted in fewer toxic adverse events when
compared with standard-treatment. There is especially a need for
achieving a higher level of evidence based on randomized clinical trials
to investigate the safety and efficiency of checkpoint inhibition as a
novel treatment modality for patients suffering from advanced or re-
current HNSCC.
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