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Immune-modulating antibodies  
in head and neck cancer:  
past, present, and future

P. Szturz MD, PhD1, J. B. Vermorken MD, PhD2

SUMMARY
Squamous cell carcinoma of the head and neck (SCCHN) has recently expanded the growing range of onco-
logic diseases successfully treated with immune-modulating agents. With the origins dating back to the nine-
teenth century, the concept of immunotherapy was repeatedly revisited and refined but also rejected and 
criticized. Currently, its armamentarium comprises tumour-specific antibodies, cancer vaccines, cytokines, 
adoptive T-cell transfer, and immune-modulating antibodies. Among these approaches it has been the latter 
one drawing major attention from healthcare professionals. Nivolumab and pembrolizumab are monoclonal 
immunoglobulins directed against programmed cell death protein-1 (PD-1), an immune-checkpoint negatively 
regulating T-cells. In second-line recurrent and/or metastatic SCCHN, two phase III studies demonstrated 
meaningful clinical benefit achieved by these drugs, dubbed checkpoint inhibitors, compared with standard 
monotherapy (methotrexate, docetaxel, or cetuximab). In the CheckMate-141 trial, nivolumab significantly 
improved median overall survival (OS) from 5.1 to 7.5 months. A similar benefit achieved by pembrolizumab in 
KEYNOTE-040 fell short of statistical significance (8.4 vs. 6.9 months), probably due to post-study immu-
ne-checkpoint therapy leading to a better-than-expected survival in the control arm. However, the classical 
outcome measures do not fully capture the exceptional activity of these agents. Apart from low frequency of 
severe adverse events (13% vs. 35% with standard therapy), these antibodies can induce durable tumour 
responses and retain activity even after several previous chemotherapy lines. With their advent in first-line 
palliative regimens and protocols for locally advanced disease, further progress is expected.Reliable predic-
tive biomarkers are urgently needed, and several candidates are being evaluated. Among them, tumour muta-
tional burden and gut microbiota offer an innovative approach to biomarker-enrichment strategy.
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LOOKING BACK AT THE PAST DECADES
Big things have small beginnings. In the case of immu-
notherapy, the beginnings were scattered across centu-
ries. It took some luck and a lot of effort to accomplish 
the individual steps and to fit them together as pieces 
of a jigsaw puzzle. In fact, the revolutionary discovery 
of vaccination against smallpox (variola major) by Ed-
ward Jenner in 1796 was preceded by a report of John 

Fewster on the protective efficacy of cowpox infection 
already 30 years earlier. Of note, the long-lasting histo-
ry of purposeful inoculation with variola minor virus 
should be credited to the Ottoman Empire and proba-
bly also to ancient China, which were thus the first to 
manipulate the human immune system.1 The implica-
tion of immune reactions in cancer biology was pointed 
out in the second half of the nineteenth century. At 
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that time, Rudolf Virchow observed immune infiltrates 
in neoplastic tissues, linking the origin of cancer to 
sites of chronic inflammation.2 Moving from preventive 
measures and laboratory observations, William B. Coley 
merits to be referred to as the forefather of modern im-
munotherapy. More than one hundred years ago, his 
experimental attempts with injections of non-infec-
tious bacterial admixtures of Streptococcus pyogenes and 
Serratia marcescens yielded a 10% remission rate in pa-
tients with inoperable sarcomas, but were not adopted 
by others.3 During that period, a pioneering insight 
into the pathophysiology was provided by Paul Ehrlich. 
He suggested the existence of specific receptors bind-
ing various antigens, which later evolved into his theo-
ry of tumours being recognised by the immune sys-
tem.4 The era of the two world wars did not favour 
research in this domain, and it was not until the late 
1950s that further progress was made.

In 1957, Isaacs and Lindenmann announced the discov-
ery of interferon.5 Simultaneously, inspired by Ehrlich’s 
work and murine tumour transplantation models, 
Thomas and Burnet proposed the hypothesis of immu-
nosurveillance, where lymphocytes act as sentinels in 
protecting against transformed cells.6 In 1959, the first 
cancer vaccine study was published. In a cohort of 114 
advanced gynaecological cancer cases, the disease con-
trol rate (response or stabilization) reached a provoca-
tive 22%, which unfortunately went rather unnoticed.7 
The encouraging momentum in immunotherapy 
slowed down, when the theory of immunosurveillance 
was questioned by preclinical findings in athymic nude 
mice. In the 1974 work of Osias Stutman, athymic 
mouse models exhibited no increased susceptibility to 
chemically induced or spontaneous carcinogenesis 
compared with immunocompetent mice.8 Neverthe-
less, this setback was compensated by a growth in the 
field of cell biology providing a number of important 
discoveries such as clarification of the cellular response 
in adaptive immunity in 1967, description of dendritic 
cells in 1973, and characterisation of natural killer cells 
in 1975, which all later helped to conceptualize some 
of the key principles of immunotherapy.1

Since the late 1970s, hematopoietic stemcell transplan-
tation has become an accepted treatment option for 
selected haematological malignancies.9 Subsequently, 
several multifunctional cytokines (e.g., interleukin-2, 
interferon-α) entered clinical testing, new data on tu-
mour-associated antigens appeared, and adoptive T-cell 

transfer was used for the first time.6,10 In 1997, ritux-
imab expanded the therapeutic portfolio available to 
treat lymphoma, followed by the arrival of other tu-
mour-specific monoclonal antibodies finding success 
in different malignant diseases.11,12 It was not until the 
turn of the century that more light was cast on the ex-
periments with athymic nude mice contradicting the 
hypothesis of immunosurveillance almost 30 years ear-
lier. The seminal paper of Shankaran et al. showed that 
deeply immunocompromised mice, this time lacking 
the recombination activating gene-2 (RAG2), indeed, 
experienced a higher incidence of sarcomas.13 More-
over, it became clear that the complex interplay be-
tween cancer and immunity cannot be sufficiently ex-
plained by a mere failure of immunosurveillance 
leading to immune evasion and tumour formation. In 
fact, the immune system is capable not only of prevent-
ing but also promoting the growth of neoplastic tissue. 
In this regard, immune pressure exerted on cancer 
cells selects those, which have reduced immunogenici-
ty and are therefore prone to escape immune-mediated 
eradiation. Such tumours can thrive even in immuno-
competent hosts. This dynamic interaction between 
the immune system and cancer cells has been referred 
to as cancer immune editing, comprising the following 
three phases: tumour elimination, equilibrium, and tu-
mour escape to clinically overt disease.1,6,13

For many years, all these individual discoveries were 
eagerly waiting to get translated into a powerful yet 
gentle anti-cancer modality. Until 2010, the medical 
community either viewed therapeutic attempts at the 
immune system with suspicion, or their toxicity was an 
issue, or the therapy intent was purely palliative, or the 
limited single-agent activity necessitated various com-
bination protocols. This held true despite several inno-
vative approaches including the topical immune-re-
sponse modulator imiquimod and vaccination against 
human papillomavirus (HPV)-16 oncoproteins, both 
used in vulvar intraepithelial neoplasia, and sipuleu-
cel-T, a vaccine based on autologous dendritic cells, 
which reduced the risk of death in metastatic castra-
tion-resistant prostate cancer and became the first ther-
apeutic cancer vaccine to be approved by the United 
States Food and Drug Administration (FDA).10,14 
However, the real challenge of translational medicine 
was how to effectively counteract tumour evasion strat-
egies. The human organism disposes of a two-step pro-
tection system to prevent cancer outgrowth. Cancer is 
a genetic disease, therefore the deoxyribonucleic acid 
(DNA) repair mechanisms represent the first-line barri-
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er blocking malignant transformation. At the next stage 
of defence, the immune system acts as a safety net 
eliminating already transformed cells. From this per-
spective, a specifically targeted remedy could actually 
be considered a causal therapy, bringing the terms 
“treating” and “curing” even closer together (Figure 1). 
At present, we know that an oncologic disease employs 
several strategies to avoid immune-recognition and de-
struction as summarized in Table 1.15-17 A new chapter 
of medicine began to unfold when we realized how to 
harness one of them.

THE AGE OF NEW HOPES
The inception of recent practice-changing medical 
breakthroughs can be traced back to the mid-1990s 
when Jim Allison and colleagues revealed the critical role 
of cytotoxic T-lymphocyte antigen-4 (CTLA-4) in nega-
tive regulation of T-cells and showed that its blockade 
results in a compelling anti-cancer activity.18,19 After-
wards, it took less than a decade for the first phase III 
trial to start enrolling patients. When in 2010 the re-

sults were published, it was beyond any doubt that a 
serious attempt at causative anticancer treatment was 
finally made. Among 676 patients with unresectable or 
metastatic melanoma, Hodi et al. demonstrated a 3.5 
month improvement in median OS with the CTLA-4 
inhibitor ipilimumab, compared with a glycoprotein 
100 peptide vaccine.20 This discovery led to a dramatic 
expansion of a whole new array of targeted therapies 
that have been rewriting paradigms across different 
cancer diagnoses. Two recent novelties will probably 
have an even deeper impact on the medical oncology 
practice. On May 23, 2017, the inhibitor of the pro-
grammed cell death protein-1 (PD-1) pembrolizumab 
became the first-ever anti-cancer drug approved for mi-
crosatellite instability-high (MSI-H) or mismatch repair 
deficient (dMMR) solid tumours, irrespective of prima-
ry tumour location.21 The second revolutionary update 
is the approval of tisagenlecleucel, a novel chimeric an-
tigen receptor T-cell therapy, for relapsed or refractory 
B-cell precursor acute lymphoblastic leukaemia and 
large B-cell lymphoma. This agent has drawn attention 

TABLE 1. Mechanisms of immune escape in cancer.15-17

Strategy Mechanism Specification

A.  Reduced recognition by the 
immune system

1.  Reduced antigen processing and 
presentation

Downregulation or mutation of HLA 
class molecules

B.  Increased resistance or survival of 
cancer cells

1.  Increased proliferation Increased expression of STAT3

2.  Decreased apoptosis Increased expression of STAT3 or 
BCL-2

C.  Immunosuppressive 
microenvironment

1.  Tumour-permissive cytokine profile Increase of immunosuppressive 
cytokines: TGF-β, IL-6
Decrease of stimulatory cytokines: 
IL-2, IFN-γ

2.   Expression of immunoregulatory 
molecules

Production of IDO

3. Cellular immune escape Tregs, M2 macrophages, MDSCs

4.  Anergic T-cells
4a.  by increase of co-inhibitory 

receptors
4b.  by decrease of co-stimulatory 

receptors

CTLA-4, PD-1, TIM-3, LAG-3

CD137, OX40

HLA, human leukocyte antigen; STAT3; signal transducer and activator of transcription 3; BCL-2, B-cell lymphoma 2; 
TGF-β, transforming growth factor-beta; IL, interleukin; IFN-γ, interferon-gamma; IDO, indoleamine 2,3-dioxygenase; 
Tregs, regulatory T-cells; MDSC, myeloid-derived suppressor cells; CTLA-4, cytotoxic T-lymphocyte antigen-4; PD-1, 
programmed cell death protein-1; TIM-3, T-cell immunoglobulin mucin protein-3; LAG-3, lymphocyte-activation gene-3
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not only because of its spectacular efficacy, but also 
due to its not less astonishing price tag of $475,000 for 
a single, one-time infusion.22,23

The current perception of immunotherapy relies on a 
classification into several subgroups including tu-
mour-specific antibodies (e.g., cetuximab), cancer vac-
cines (sipuleucel-T), cytokines (e.g., interleukin-2), 
adoptive T-cell transfer (e.g., tisagenlecleucel), im-
mune-modulating antibodies and other immunomodu-
lators (e.g., imiquimod). In routine practice, the terms 
immunotherapy and immune-modulating antibodies 

have often been used interchangeably, although it is ev-
ident that the situation is much more complex. Im-
mune-modulating antibodies demonstrated efficacy 
where conventional therapies failed, and its success 
brought about a renaissance of cancer immunotherapy 
eight years ago. These antibodies can be further divid-
ed into two classes, i.e., drugs blocking negative regu-
latory pathways in effector lymphocytes, which encom-
pass CTLA-4 signalling and co-inhibitory pathways 
(see below), and drugs enhancing co-stimulatory sig-
nals. Referring to the latter category, agonistic mono-
clonal antibodies against OX-40 (MEDI0562) and 

FIGURE 1. Simplified model illustrating the current portfolio of systemic anti-cancer drugs with respect to the two-step pro-

tection system against cancer consisting of the deoxyribonucleic acid (DNA) repair mechanisms and the immune system. 

While cytotoxic chemotherapy and targeted drugs against tumour antigens represent, in principle, palliative modalities, mod-

ern immunotherapy with immune-checkpoint inhibitors offers a possibility of causal interference with tumour outgrowth.

APC, antigen-presenting cell; PD-1, programmed cell death protein-1; PD-L1, programmed cell death ligand-1; MoAb, monoclonal antibody 

against tumour antigens; TKIs, tyrosine kinase inhibitors; MMR, DNA mismatch repair; EGFR, HER2, HER3, HER4, MET, IGF1R, and VEGFR, 

targetable cell surface receptors; RAS, RAF, MEK, ERK, PI3K, AKT, mTOR, JAK, STAT3, SRC, PLC, PKC, NF-κB, components of down-

stream signalling pathways.

Figure includes modified templates from Servier Medical Art.
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CD137 (urelumab, utomilumab) or a small molecule 
toll-like receptor 8 agonist (motolimod) have already 
entered early clinical development, among others in 
head and neck cancer.24

Following the 2010 report on the CTLA-4 inhibitor 
 ipilimumab, the co-inhibitory pathways, also dubbed 
immune checkpoints, quickly moved into the spot-
light. The signal transduction pathway initiated by the 
PD-1 receptor binding its ligand, PD-L1, became ex-
tensively studied in different tumour types including 

squamous cell carcinoma of the head and neck 
(SCCHN). Expression of PD-1 was documented on the 
surface of activated T- and B-lymphocytes and myeloid 
elements. The ligands PD-L1 (CD274/B7-H1) and PD-
L2 (CD273/B7-DC) are transmembrane proteins trans-
mitting negative signals down regulating T-lymphocyte 
activation. Under physiological condition, normal cells 
expressing PD-1 help modulate the duration and activ-
ity of T-cells to prevent autoimmune reactions. Cancer 
cells may escape immune recognition by an increased 
expression of PD-L1 and PD-L2. Alternatively, a 

TABLE 2. Ongoing large phase III trials with monoclonal antibodies against PD-1 (pembrolizumab, nivolum-
ab), PD-L1 (avelumab, durvalumab), and CTLA-4 (ipilimumab) in squamous cell carcinoma of the head and 
neck cancer as of July 2018 (according to ClinicalTrials.gov).

Trial Clinical setting Actual or esti-
mated enrolment

Regimen (treatment arms A-D) Primary com-
pletion date

REACH LA, definitive 688 A: Cisplatin + RT
B, C: Cetuximab + avelumab + RT
D: Cetuximab + RT

10/2019

KEYNOTE-412 LA, definitive 780 A: Pembrolizumab + cisplatin + RT
B: Placebo + cisplatin + RT

04/2021

JAVELIN Head and 
Neck 100

LA, definitive 640 A: Avelumab + cisplatin + RT
B: Placebo + cisplatin + RT

04/2021

NIVOPOSTOP LA, adjuvant 484 A: Cisplatin + RT
B: Cisplatin + RT + nivolumab

12/2021

NCT03349710 LA, definitive 1046 A: Nivolumab + cetuximab + RT
B: Placebo + cetuximab + RT
C: Nivolumab + cisplatin + RT
D: Placebo + cisplatin + RT

11/2022

KESTREL R/M,
1st line

823 A: Durvalumab
B: Durvalumab + tremelimumab
C: PFE

12/2018

KEYNOTE-048 R/M,
1st line

825 A: Pembrolizumab
B: Pembrolizumab + PF
C: PFE

12/2018

CheckMate-651 R/M,
1st line

930 A: Nivolumab + ipilimumab
B: PFE

04/2020

CheckMate-141 R/M,
2nd line

361 A: Nivolumab
B: SoC

11/2015

KEYNOTE-040 R/M,
2nd line

495 A: Pembrolizumab
B: SoC

05/2017

EAGLE R/M,
2nd line

736 A: Durvalumab
B: Durvalumab + tremelimumab
C: SoC

11/2018

PD-1, programmed cell death protein-1; PD-L1, programmed cell death ligand-1; CTLA-4, cytotoxic T-lymphocyte 
antigen-4; LA, locoregionally advanced; R/M, recurrent and/or metastatic; RT, radiotherapy; PFE, platinum/5-fluorouracil/
cetuximab regimen according to the EXTREME trial; SoC, standard of care (e.g., methotrexate)
ainhibitor of indoleamine 2,3-dioxygenase-1 (IDO1)
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high-fraction of CTLA-4 or PD-1 positive T-cells in the 
microenvironment may have the same impact.16

In SCCHN, several immune checkpoint inhibitors 
have already progressed to advanced clinical testing 
in locoregionally advanced and recurrent and/or met-
astatic (R/M) settings (Table 2). Pembrolizumab (MK-
3475) and nivolumab (ONO-4538) are monoclonal 
antibodies of the immunoglobulin G4 type with a 
high affinity for PD-1. Durvalumab (MEDI4736), 
atezolizumab (MPDL3280A), and avelumab (MS-
B0010718C) block PD-L1. Until present, final or pre-
liminary results of the phase 1 KEYNOTE-012 trial 
with pembrolizumab, the phase 2 KEYNOTE-055 
trial with pembrolizumab, the phase 2 HAWK trial 
with durvalumab, and a phase 1 trial with atezoli-
zumab were published in peer-reviewed journals or 
presented at international conferences.25-28 In addi-
tion, data from two large phase III studies were re-
ported. Both evaluated PD-1 inhibitors, nivolumab 
and pembrolizumab, and had overlapping designs. In 
the section below we will concentrate on these two 
trials highlighting their similarities and differences 
(Table 3).2

CHECKMATE-141 VERSUS KEYNOTE-040
At the 2016 annual meeting of the American Associa-
tion for Cancer Research (AACR), the investigators of 
the randomized global CheckMate-141 phase III trial 
declared nivolumab to become the first drug ever to im-
prove survival in patients with platinum refractory 
R/M-SCCHN.31 As published later in The New England 
Journal of Medicine, the study evaluated the efficacy 
and safety of nivolumab at a dose of 3 mg/kg intrave-
nously every two weeks versus weekly intravenous sin-
gle-agent chemotherapy (methotrexate 40-60 mg/m2, 
docetaxel 30-40 mg/2) or cetuximab (400 mg/m2 once, 
then 250 mg/m2).29 A recent report updated the find-
ings after a minimum follow-up of 11.4 months, and 
another conference abstract provided efficacy and safety 
data by age.32,33 Presented at the 2017 European Society 
for Medical Oncology congress, the KEYNOTE-040 tri-
al randomized R/M-SCCHN patients to receive either 
pembrolizumab 200 mg every 3 weeks or the same 
standard-of-care medication as in CheckMate-141 with 
the exception of docetaxel which was administered ev-
ery 3 weeks at a dose of 75 mg/m2.34 An update on 
quality-of-life aspects was given at the 2018 congress of 

TABLE 3. Comparison between CheckMate-141 and KEYNOTE-040 phase III trials in second-line recurrent 
and/or metastatic squamous cell carcinoma of the head and neck.29,34

Parameter CheckMate-141 KEYNOTE-040

Inclusion period 06/2014 – 08/2015 12/2014 – 05/2016

Number of patients 361 495

Treatment arms A:  nivolumab A:  pembrolizumab

B:  methotrexate or docetaxel 
(weekly) or cetuximab

B:  methotrexate or docetaxel (three-
weekly) or cetuximab

Inclusion criteria regarding previous platinum 
treatment

progression within 6 months after 
platinum

progression within 3-6 months after 
platinum-based chemoradiation or
progression after 1st or 2nd line 
palliative platinum

Results obtained with immunotherapy (arm A):

Hazard ration for death 0.71; 95% CI, 0.55-0.90 0.82; 95% CI, 0.67-1.01

Overall survival [months]a 7.5 8.4

12-month overall survival 36% 37%

Progression-free survival [months]a 2.0 2.1

Time to response [months]a 2.1 4.5

Duration of response [months]a 9.7 18.4

Objective response rate 13% 15%

amedian
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the American Society of Clinical Oncology (ASCO).35

In both studies, OS was the primary objective. The key 
eligibility criteria were also similar: R/M-SCCHN of 
the oral cavity, pharynx, or larynx not amenable to lo-
cal therapy with curative intent, good Eastern Cooper-
ative Oncology Group (ECOG) performance status (0 
or 1), and no active brain metastases, autoimmune dis-
eases, systemic immunosuppression, or previous ad-
ministration of PD-1/PD-L1 or PD-L2 inhibitors. How-
ever, there were two important differences concerning 
the definition of prior platinum (carboplatin or cispla-
tin) failure and the number of prior chemotherapy 
lines, which both might have influenced the outcomes. 
In CheckMate-141, patients were enrolled only if they 
had disease progression within 6 months after plati-
num-based chemotherapy administered irrespective of 
clinical setting. In KEYNOTE-040, platinum failure 
was defined according to clinical setting. In R/M dis-
ease, disease progression had to occur during or some-
where after a platinum-containing regimen in the first 
or second line. In locally advanced disease (or in recur-
rent SCCHN amenable to chemoradiotherapy with cu-
rative intent), recurrence or progression had to be con-
firmed within 3 to 6 months of previous multimodality 
treatment containing platinum. That is to say that pa-
tients treated with the CheckMate protocol might have 
had a more aggressive disease with faster progression 
and heavier pre-treatment.

The enrolment periods partly overlapped, extending 
from June 2014 to August 2015 and from December 
2014 to May 2016 in CheckMate-141 and KEY-
NOTE-040, respectively. In the former trial, patients 
were randomised in a 2:1 ratio to receive either nivolum-
ab (236 of 240 assigned) or a single-agent investigator’s 
choice (111 of 121 assigned), while the latter study 
equally allocated 495 patients to pembrolizumab (246 
of 247 assigned) or the same standard-of-care arm (234 
of 248 assigned). The majority of patients received 
nivolumab or pembrolizumab in the second line and 
about one third in the third line. As indicated above, 
the CheckMate-141 protocol allowed recruitment of pa-
tients pre-treated with further treatment lines, finally 
accounting for about 20% of the study population. 
Treatment-related adverse events occurred at markedly 
similar rates in both trials. All grade toxicities were re-
ported in 59% and 78% of patients in the nivolumab 
and control arms, respectively, and in 63% and 84% of 
patients in the pembrolizumab and control arms, re-
spectively. Analogously, severe acute side effects ap-

peared in 13% and 35% in the nivolumab trial, respec-
tively, and in 12% and 35% in the pembrolizumab 
study. In the anti-PD-1 cohorts, fatigue (13-14%), nau-
sea (5-9%), rash (8%), and diarrhoea (7-8%) were the 
most common side effects of any grade. Apart from the 
skin reactions, adverse events with a potential immu-
nologic aetiology comprised endocrine (8-15%, pri-
marily hypothyroidism), gastrointestinal (colitis), he-
patic, pulmonary, infusion-related, and renal toxicities. 
There were two treatment-related deaths in the 
nivolumab arm (versus one in the respective standard 
arm) and four in the pembrolizumab arm (versus two 
in the respective standard arm).
After a median follow-up of 5.1 and 7.5 months, sub-
jects assigned to nivolumab and pembrolizumab had a 
30% (HR[97.73%CI], 0.70; 0.51-0.96; p=0.01) and 18% 
(HR[95%CI]: 0.82[0.67-1.01]; one-sided p=0.0316) re-
duction in the risk of death compared to their control 
arms, respectively. Correspondingly, the median OS 
was 7.5 vs. 5.1 months and 8.4 vs. 6.9 months in Check-
Mate-141 and 37% in KEYNOTE-040. At 12 months, 
the estimated OS among patients on one of the check-
point inhibitors was remarkably similar (36% in Check-
Mate-141 and KEYNOTE-040, respectively), while 
clearly more patients treated with a standard-of-care 
agent were alive in the latter trial (17% and 27%). When 
looking at the magnitude of the survival benefit accord-
ing to the chosen standard-of-care agent, docetaxel 
seemed to offer superior outcomes to methotrexate and 
cetuximab. This came to the forefront especially in 
KEYNOTE-040 where the hazard ratio for death with 
three-weekly docetaxel was 0.97 (95%CI: 0.73-1.30) 
relative to 0.82 (0.53-1.28) attained with weekly 
docetaxel in CheckMate-141.
Compared with the respective standard arms, the ob-
jective response rates (ORR) were in favour of nivolum-
ab (13% vs. 6%) and pembrolizumab (15% vs. 10%) 
which was in line with the number of complete re-
sponses being 6 vs. 1 and 4 vs. 1, respectively. Interest-
ingly, the median progression-free survival (PFS) was 
around 2 months irrespective of the assigned treatment 
strategy. Pembrolizumab induced long-lasting but de-
layed responses with median time to response and du-
ration of response of 4.5 and 18.4 months, respectively 
(vs. 2.2 and 5 months with a standard of care agent, 
respectively). In contrast, the median time to response 
in CheckMate-141 was comparable in both arms (about 
2 months), while the duration of response was better 
with nivolumab but still numerically inferior to the re-
sults obtained with pembrolizumab (median: 9.7 
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months vs. 4.0 months with a standard of care agent). 
Pre-planned biomarker analyses suggested that the ad-
vantageous effect on survival of the anti-PD-1 drugs 
was greater in PD-L1 positive tumours. The benefit of 
the experimental treatment was also noted when eval-
uating patient-reported quality-of-life measures, which 
were stable or slightly improved in contrast to the stan-
dard-of-care arm, where patients generally showed a 
decline. 
In summary, monoclonal antibodies with high affinity 
for PD-1 are well-tolerated drugs with beneficial effects 
against head and neck cancer. At the cost of infrequent, 
yet potentially fatal complications, they prolong OS 
and produce long-lasting but often delayed responses. 
The lack of a statistical significance in the KEY-
NOTE-040 survival analysis can be attributed to a bet-
ter-than-expected outcome in the control arm due to  
subsequent immune checkpoint therapy. In this study, 
another noteworthy observation is the survival analysis 
according to chronological age, which indicated the 
greatest benefit in patients of 65 years or more. This is 
something rare in oncology trials where geriatric evalu-
ation is not usually employed to select fit elderly pa-
tients, hence the results are commonly biased by differ-
ent aspects of frailty. Paradoxically, it may also be the 
case of KEYNOTE-040, because we might hypothesize 
that elderly patients receiving standard-of-care therapy 
might not have been fit enough to receive further treat-
ment lines (including immunotherapy). As such, the 
difference in survival between the experimental and a 
standard agent in this subgroup might merely reflect 
the real potential of pembrolizumab better and may 
not have anything to do with an exclusive efficacy in 
the aged population. In CheckMate-141, the efficacy of 
nivolumab, particularly in terms of response rate and 
milestone survival at 30 months, was maintained re-
gardless of age, although the improvement in median 
OS was less than 1 month in senior individuals. Final-
ly, it should be made clear that despite all these encour-
aging results, immune checkpoint inhibitors have lim-
ited efficacy in a substantial proportion of patients 
prompting a call for innovative, biomarker-enrichment 
strategies.

FUTURE CONSIDERATIONS
Although there is a flux of novel anti-cancer drugs, 
with some showing real benefit, there is also a down-
side to this. Cost-effectiveness analyses have ques-
tioned the real value of some of these new medicines, 
and this situation has even farther-reaching conse-

quences with a potential harmful impact on patient 
lives. As mentioned by Prasad et al., regulatory authori-
ties in some countries have shown a willingness to ap-
prove drugs and indications providing only a marginal 
level of clinical benefit. Given the escalated costs of 
new agents hitting the market, certain concerns have 
been raised that pharmaceutical companies may ulti-
mately pursue development of ineffective drugs to gen-
erate potentially profitable trials. The field of immuno-
therapy seems to be particularly vulnerable to this 
undesirable transformation of clinical research. The 
number of phase I to III trials with immune checkpoint 
inhibitors has already exceeded 1,500. However, a lim-
ited or even missing biological rationale and redundant 
study designs are rather suggestive of companies trying 
to maintain sufficient trial portfolio. This behaviour 
might increase the risk of missed opportunities for pa-
tients recruited to studies evaluating dubious or inert 
compounds.36,37 The complex nature of this issue pre-
vents any simple solution, and it has become clear that 
despite an enormous improvement in cancer care, 
many new challenges marked by economical, ethical, 
and biological dimensions remain unresolved. In this 
chapter, leaving such provocative assumptions aside, 
we will address several topics specific for modern im-
munotherapeutic approaches, which may have direct 
implications for future development in this area.

Statistical considerations
It has turned out that some of the classical outcome 
measures like median OS and PFS may not fully cap-
ture the exceptional activity of immune checkpoint in-
hibitors. Unlike cytotoxic drugs (e.g., cisplatin) and 
tumour-specific antibodies (e.g., cetuximab), these 
drugs typically elicit delayed clinical effects with a pos-
sibility of durable off-treatment survival for a small pro-
portion of patients.38,39 Intriguing results were obtained 
in a long-term prospective follow-up of almost 2,000 
ipilimumab-treated patients with advanced melanoma. 
About 3 years after randomization, the OS curve start-
ed to plateau slightly above 20%, extending up to 10 
years at a rate slightly below 20%.40 In R/M-SCCHN, 
this seems to hold true also for nivolumab, although 
the available estimates do not reach beyond two years.32 
Another characteristic feature seen in Kaplan-Meier 
plots is a late separation of survival curves, starting sev-
eral months after randomization. This probably mirrors 
the time necessary to unlock the natural anticancer 
powers of the immune system and to translate them 
into clinical benefit.38,41
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Importantly, all the class-specific attributes have impli-
cations for study design, since they prolong study dura-
tion and necessitate introduction of intermediate clini-
cal endpoints including milestone survival assessed 
cross-sectionally at pre-specified time points (e.g., 1- 
and 2-year overall survival rates). However, it should be 
kept in mind that milestone analyses do not consider 
the totality of survival data. Thus, a combination of 
both approaches might pave the way for upcoming 
clinical trials.42 In addition, trialists will probably be 
confronted with profound conceptual changes in the 
near future heralded by doubts about the traditional 
stepwise approach to drug development from phase 1 
to phase 2 and later 3. This came to the forefront with 
the pembrolizumab KEYNOTE-001 study resulting in 
unprecedented regulatory approvals. Using multiple 
expansion cohorts, the investigators were finally able to 
enrol more than 1,200 patients.43,44

Activity considerations
Soon after immunotherapy onset, about 10% of pa-
tients with advanced melanoma experience a specific 
phenomenon called pseudoprogression. While resem-
bling true neoplastic growth, it merely reflects a tran-
sient immune cell infiltration of the tumour. The possi-
bility of its occurrence, not exceeding 1% in SCCHN, 
should always be weighed against the risk of futile com-
plications in the course of immunotherapy continued 
beyond progression as well as the risk of missed oppor-
tunities for a timely treatment switch.25,29,45 In clinical 
practice, findings from both radiological and physical 
examinations must be considered. While a deteriora-
tion of general status accompanied by ambiguous ra-
diological imaging portends a real progression, in case 
of sustained clinical benefit, tumour size increment 
should not automatically imply a change in patient 
management. In this respect, both CheckMate-141 and 
KEYNOTE-040 allowed treatment continuation after 

initial radiological progression conditioned upon stable 
clinical evaluation and a repeated imaging at at least 
4 weeks. This approach was adopted by the immune-re-
lated Response Criteria (irRC) replacing the conven-
tional Response Evaluation Criteria in Solid Tumours 
(RECIST) in this scenario. irRC should preferably be 
used in routine medical care as well.
This year’s annual ASCO meeting brought valuable 
new insights into the field of immunotherapy. After a 
median follow-up of almost four years, an updated re-
port of the KEYNOTE-006 trial confirmed the superi-
ority of pembrolizumab over ipilimumab in terms of 
long-term survival of melanoma patients. Interestingly, 
the plateau phase seemed to decline more steeply with 
the anti-PD-1 agent with 2- and 4-year OS rates of 55% 
and 44% in the pembrolizumab arm, and 43% and 
36% in the ipilimumab arm, respectively.46,47 This ob-
servation suggests that not all effects of immunothera-
py are easily transposable across the whole group of 
immune checkpoint inhibitors. Another consideration 
gaining more and more attention from practicing phy-
sicians is treatment choice beyond immunotherapy. 
Earlier data in non-small cell lung cancer (NSCLC) 
found higher response rates to single-agent chemother-
apy after immunotherapy exposure compared with his-
torical controls.48 A recent retrospective French study 
In SCCHN found an overall response to salvage che-
motherapy of 30% with 3 cases (4%) of complete re-
mission.49 Such outcomes are usually attained in the 
first-line setting and therefore warrant further explora-
tion.50 A logical question that now arises is whether 
re-challenge with immunotherapy also represents a vi-
able option. Watanabe and colleagues retrospectively an-
alysed re-administration of immune checkpoint inhibi-
tors in patients with NSCLC previously treated with 
immune checkpoint inhibitors and chemotherapy. Un-
like giving chemotherapy right after immunotherapy, a 
re-challenge with immunotherapy did not meet with 

KEY MESSAGES FOR CLINICAL PRACTICE

• Since 2010, immune checkpoint inhibitors have revolutionized cancer care.

• Head and neck carcinoma is a good candidate for this new generation of immunotherapy.

• Nivolumab and pembrolizumab are inhibitors of programmed cell death protein-1 (PD-1).

•  Both anti-PD-1 agents are well tolerated offering durable responses for about 20-30%, even heavily 

pre-treated patients. 

• Tumour mutational burden and gut microbiota represent promising new biomarkers.
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the same level of success. Among 14 patients, only one 
partial response was noted after receiving the same im-
mune-modulating agent (1 out of 8 cases), but not a 
different one (0 out of 6 cases).51

Patient selection considerations
In the field of immunotherapy, the key challenge for 
future research will be to identify long-term survivors 
and to develop more effective treatment protocols by 
investigating new drugs and testing combinations of 
different immunotherapies and combinations of immu-
notherapies with other systemic agents and modalities 
such as radiotherapy and surgery.5 At present, we know 
that in R/M-SCCHN, classic cytotoxic chemotherapy 
yields disease stabilisation in about 40%. This propor-
tion halves in patients receiving checkpoint inhibitors 
where the greatest benefit can be expected in those 
achieving an objective response.45 But who are these 
 patients? A promising candidate for a stratification fac-
tor might be the PD-L1 expression on tumour cells and 
in the microenvironment. However, a lack of measure-
ment standardization and still a vague definition of an 
optimal cut-off value have been hindering a successful 
translation of the PD-L1 marker into clinical practice as 
yet.29,53

It is compelling to say that the new era of immunother-
apy needs a new concept of biomarker selection. Maybe 
the time has come to abandon the traditional under-
standing of biomarkers as cell surface proteins or other 
similarly quantifiable molecules. We already discussed 
the revolutionary approval of pembrolizumab for 
MSI-H or dMMR tumours. Unfortunately, only a mi-
nority of patients qualify for such treatment and even if 
they do so, half of them will not respond.54 Recently, 
two novel approaches involving tumour mutational 
burden (TMB) and gut microbiota have been proposed. 
TMB reflects the total number of genomic alterations 
per coding area carried by cancer cells. In a phase III 
trial of stage IV or recurrent NSCLC patients treated 
with first-line nivolumab plus ipilimumab, the PFS  
was significantly longer than with chemotherapy in 
 patients having a high tumour mutational burden (i.e, 
at least 10 mutations per megabase), regardless of PD-1 
expression.53 Besides that, the gut microbiome emerged 
as an intriguing biomarker modulating response to an-
ti-PD-1 agents in malignant melanoma. A working 
group from the MD Anderson Cancer Center showed 
that patients with a gut microbiome characterised by a 
high diversity and abundance of Ruminococcaceae/Fae-
calibacterium, but not Bacteroidales, exhibit improved 

anti-tumour immune responses.55 From this perspec-
tive, a recently reported negative role of antibiotics al-
tering the microbiome composition in patients treated 
with immunotherapy merits further attention from cli-
nicians and trialists.56

CONCLUSIONS
Recurrent and/or metastatic disease is the most diffi-
cult to treat scenario in head and neck cancer. Here, 
only two molecularly targeted strategies have provided 
significantly longer median OS than their respective 
control arms. The epidermal growth factor receptor 
(EGFR) inhibitor cetuximab underwent prospective 
testing as an adjunct to the platinum/5-fluorouracil 
doublet in the first-line EXTREME trial (Erbitux in 
first-line treatment of recurrent or metastatic head and 
neck cancer).57 About ten years later, new immunother-
apeutic approaches emerged as detailed in this review 
article. The remarkable outcomes yielded by the two 
monoclonal antibodies with a high affinity for PD-1, 
nivolumab and pembrolizumab, are a practice-chang-
ing step forward in the management of platinum-re-
fractory disease. Data from trials performed in the 
locoregionally advanced and first-line palliative settings 
will follow and are eagerly awaited. The landscape of 
immunotherapy is continuously changing, and we are 
still learning how to master this powerful therapeutic 
tool. Preferably, the future development should not pri-
oritize efficacy at any price, but should represent a re-
sponsible investment into global healthcare within the 
intentions of a cost-effective approach.
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