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Abstract: Immunotherapy has dramatically changed the treatment landscape for  
patients with cancer. Programmed death–ligand 1/programmed death-1 checkpoint 
inhibitors have been in the forefront of this clinical revolution. Currently, there are 6 
US Food and Drug Administration-approved checkpoint inhibitors for approximately 
18 different histologic types of cancer. Lung cancer and head and neck squamous 
cell carcinoma (HNSCC) are 2 diseases that have led the way in the development 
of immunotherapy. Atezolizumab, durvalumab, nivolumab, and pembrolizumab are 
all currently used as part of standard-of-care treatment for different stages of lung 
cancer. Similarly, nivolumab and pembrolizumab have US regulatory approval as 
treatment for advanced metastatic HNSCC. This is significant because lung cancer 
represents the most common and most fatal cancer globally, and HNSCC is the sixth 
most common. Currently, most of the approvals for the use of immunotherapy agents 
are for patients diagnosed in the metastatic setting. However, research is ongoing to 
evaluate these drugs in earlier stage disease. There is plausible biological rationale 
to expect that pharmacologic activation of the immune system will be effective for 
early-stage and smaller tumors. In addition, selecting patients who are more likely to 
respond to immunotherapy and understanding why resistance develops are crucial 
areas of ongoing research. The objective of this review was to provide an overview 
of the current immune landscape and future directions in lung cancer and HNSCC.  
CA Cancer J Clin 2020;0:1-13. © 2020 American Cancer Society. 

Keywords: hypopharyngeal neoplasms, laryngeal neoplasms, lung neoplasms, 
medical oncology

Introduction
The function of the programmed death-1 (PD-1) system is to provide negative feed-
back to prevent overactivation of T cells, thereby maintaining homeostatic control 
and preventing autoimmunity.1 Developing tumors take advantage of this and other 
inhibitory immune mechanisms to escape immune destruction. Checkpoint block-
ade by monoclonal antibodies inactivate this inhibitory signaling pathway, function-
ally reinvigorating a hobbled T-cell immune response to the tumor. Importantly, 
autoreactive T cells can be unleashed, leading to inflammation in normal tissues, 
termed immune-related adverse events (irAEs).2 One way the immune system may 
recognize tumor cells is through neoantigens, which are peptides expressed by major 
histocompatibility complex (MHC) molecules on the cell surface that result from 
DNA damage. Smoking-related mutations are associated with tumor mutational 
burden (TMB) and response to checkpoint blockade and, as such, may underlie 
some of the responses to PD-1 pathway blockade in both lung cancer and head and 
neck cancer.3 In addition, some head and neck cancers are virally mediated, such 
as the human papillomavirus (HPV)–induced oropharyngeal carcinomas, and thus 
provide a basis for a better understanding of virally triggered immune-oncology 
mechanisms.
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Non–Small Cell Lung Cancer: Advanced/
Metastatic Disease
Immunotherapy is widely used in the care of patients 
with non–small cell lung cancer (NSCLC), and multiple 
standard-of-care (SOC) regimens are approved in locally 
advanced and metastatic disease (Table 1).4  The earliest 
studies of immunotherapy in NSCLC evaluated single-
agent PD-(L)1 blockade in previously treated, advanced 
NSCLC and showed improved efficacy over standard 
chemotherapy with docetaxel. Thus nivolumab, pembroli-
zumab, and atezolizumab were approved based on re-
sults of the CheckMate 017 (ClinicalTrials.gov identifier 
NCT16420054), CheckMate 057 (ClinicalTrials.gov iden-
tifier NCT01673867), KEYNOTE-010 (ClinicalTrials.
gov identifier NCT01905657), and OAK (ClinicalTrials.
gov identifier NCT02008227) trials, respectively.5-8  The 
hazard ratio (HR) for overall survival (OS) for the check-
point inhibitor, compared with chemotherapy, ranged 
from 0.59 to 0.73 in these trials. Importantly, this signifi-
cant improvement in OS came with notable reductions in 
toxicity; serious or life-threatening adverse events (grade 3 
or higher according to the Common Terminology Criteria 
for Adverse Events) ranged from 7% to 15% with the 
checkpoint inhibitor versus 35% to 55% with docetaxel.5-8  
These regimens were rapidly adopted into standard clini-
cal practice and thus launched the era of immunotherapy 
for lung cancer and the attendant management challenges 
related to immune-mediated toxicities.9,10  

The proven efficacy of immunotherapy in the postfront-
line setting and the recognition that PD-L1 expression 
could serve as a predictive biomarker to identify likely re-
sponders facilitated the frontline testing of these agents.11  
Treatment with PD-(L)1 blockade has now become 
firmly established as an initial therapy, starting with the 
KEYNOTE-024 (NCT02142738) study in which pa-
tients with high expression of PD-L1, tumor proportion 
scores (TPS) >50% and without targetable alterations in 
the epidermal growth factor receptor (EGFR) or anaplastic 
lymphoma kinase (ALK) genes were randomized to receive 
either pembrolizumab or platinum doublet chemotherapy. 12   
The median progression-free survival (PFS) was signifi-
cantly longer in the group treated with pembrolizumab 
than in the group treated with standard platinum dou-
blet chemotherapy (10.3 vs 6 months; HR, 0.50 [95% CI, 
0.37-0.68; P < .001]). With more mature data from longer 
term follow-up, the median OS for the pembrolizumab 
group was 30 months compared with 14.2 months for the 
chemotherapy group (HR, 0.49; 95% CI, 0.34-0.69).13  
Single-agent pembrolizumab remains a preferred regimen 
in patients with metastatic NSCLC and high PD-L1 ex-
pression, now with an unprecedented 5-year OS rate of 

25% in patients who were previously treated and 29.6% 
in treatment-naive patients reported from the phase 1 
KEYNOTE-001 study.14  For those patients who may not 
tolerate chemotherapy and have at least 1% PD-L1 ex-
pression, single-agent pembrolizumab may be considered 
based on KEYNOTE-042 (ClinicalTrials.gov identifier 
NCT02220894), although the benefit of this approach 
was largely driven by patients with high levels of PD-L1 
expression.15  Conversely, patients with a high symptom 
burden or evidence of rapidly progressive disease may be 
treated with combination chemoimmunotherapy, as dis-
cussed below.

Next followed the development of frontline chemoim-
munotherapy options for patients with advanced NSCLC 
regardless of PD-L1 expression. KEYNOTE-189 
(ClinicalTrials.gov identifier NCT02578680) studied 
previously untreated patients with non-EGFR–driven 
or ALK-driven, nonsquamous NSCLC and random-
ized patients to receive either platinum and pemetrexed 
plus pembrolizumab or placebo.16  Although the study 
allowed for cross-over to pembrolizumab monotherapy 
from the placebo arm, the 12-month OS was still sig-
nificantly improved for the pembrolizumab-containing 
arm, with an HR for death of 0.49 (95% CI, 0.38-0.64; 
P  <  .001). Impower150 (ClinicalTrials.gov identifier 
NCT02366143) was the second study of chemoimmu-
notherapy that compared the addition of atezolizumab to 
bevacizumab, carboplatin, and paclitaxel in patients with 
nonsquamous NSCLC regardless of mutation status.17  
Patients were not allowed prior chemotherapy, but a sub-
set of patients with EGFR mutations or ALK transloca-
tions was included who already had progressed on targeted 
therapy. The primary endpoints of PFS in the wild-type 
group without EGFR-targetable or ALK-targetable al-
terations, as well as median OS in the entire wild-type 
population, were both in favor of the atezolizumab arm 
(median PFS, 8.3 vs 6.8 months; HR, 0.62 [95% CI, 0.52-
0.74; P < .001]); the median OS was longer in the group 
that received combined atezolizumab, bevacizumab, car-
boplatin, and paclitaxel at 19.2 months than that in the 
group that received combined bevacizumab, carboplatin, 
and paclitaxel at 14.7 months (HR for death, 0.78; 95% 
CI, 0.64-0.96 [P = .02]).17  

The importance of identifying targetable driver muta-
tions before immunotherapy-based regimens in patients 
with newly diagnosed nonsquamous NSCLC cannot be 
overemphasized because of both toxicity and efficacy con-
cerns. This is especially true of EGFR-mutated NSCLC. 
In a retrospective study, patients with EGFR-mutant 
NSCLC who were treated with PD-L1 blockade within 
3 months before osimertinib, a third-generation EGFR  
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tyrosine kinase inhibitor (TKI), had a risk of serious irAEs 
of 24% (95% CI, 10%-45%), whereas no patients (0%) 
who were treated with osimertinib before PD(L)-1 ther-
apy had severe irAEs (95% CI, 0%-14%).18  The rate of 
interstitial pneumonitis was of particular concern because 
it was the defining toxicity in 4 of 6 patients with grade 3 
or higher irAEs, all of whom required hospitalization. Two 
combination trials of osimertinib plus durvalumab were 
terminated before full accrual because of an increased rate 
of interstitial lung disease seen in 13 of 38 patients (38%) 
who received the combination compared with an inci-
dence of 2% to 3% seen in those who received osimertinib 
monotherapy.19,20  Along with an increased risk of toxic-
ity was the lack of efficacy with this strategy. In a phase 
2 study of single-agent pembrolizumab in TKI-naive  
patients with PD-L1–positive (>1%) and EGFR-mutant 
NSCLC, single-agent pembrolizumab produced no  
objective responses.21  The impact of these small studies 
on practice has been profound such that, for patients with 
lung adenocarcinoma and pending molecular studies, the 
preferred option is to wait until their full molecular profile 
is available.22  If pressed to initiate treatment because of 
disease burden and or symptoms, we advise temporarily 
withholding immunotherapy from the regimen. This is 
to ensure adequate safety for the patient should the need 
arise to transition to targeted therapy for an EGFR muta-
tion or an ALK translocation. Immunotherapy-containing 
regimens remain an option for patients who develop TKI 
resistance, with careful attention to irAEs. Further study 
of salvage systemic therapies, including immunotherapy, 
are needed for when targeted options are exhausted, as 
currently available data are limited to subset analysis of 
the IMpower150 trial.17  

Immunotherapy similarly benefitted patients with 
advanced squamous NSCLC. In KEYNOTE-407 
(ClinicalTrials.gov identifier NCT02774535), patients 
were randomized to a chemotherapy backbone of car-
boplatin and investigator’s choice of either paclitaxel or 
nanoparticle-bound paclitaxel plus pembrolizumab or 
placebo.23  The median OS was 15.9 months with pem-
brolizumab plus chemotherapy versus 11.3 months with 
placebo plus chemotherapy (HR for death, 0.64; 95% CI, 
0.49-0.85 [P <  .001]). This combination is applicable to 
patients with both squamous and nonsquamous histolo-
gies regardless of PD-L1 expression status.

With multiple approved frontline regimens for  
patients with NSCLC, optimal sequencing of therapy 
is an open question in the field. Considering patients 
with high PD-L1 expression (>50%), proponents of sin-
gle-agent immunotherapy cite a good objective response 
rate (ORR) of 44.8%, coupled with low toxicity rates, with 
grade 3 through 5 adverse events seen in 26.6% of patients 
treated with pembrolizumab monotherapy.12  Conversely, 

combination chemotherapy-immunotherapy in the subset 
of patients with high PD-L1 levels in the KEYNOTE-189, 
KEYNOTE-407, and IMpower150 trials led to ORRs 
surpassing 60%. The addition of chemotherapy to immu-
notherapy may prevent both rapid progression and early 
crossing of the PFS curves, but the effect on long-term 
survival is unknown. Notably, increased toxicity was seen 
with the addition of chemotherapy to immunotherapy, 
with grade 3 through 5 adverse events in the range of 58% 
to 68% among the 3 aforementioned trials.16,17,23  It is  
important to emphasize that, whereas the rate of toxicity is 
higher with combined chemoimmunotherapy over single- 
agent immunotherapy, the overall safety and tolerability 
of chemoimmunotherapy are comparable to those of che-
motherapy alone. Therefore, the clinical consideration is 
whether or not a patient who has an adequate performance 
status to tolerate combined therapy truly requires imme-
diate chemoimmunotherapy for optimal disease control 
and improved efficacy rather than a sequential approach 
of single-agent immunotherapy followed by chemother-
apy at progression. The currently ongoing INSIGNA 
(ClinicalTrials.gov identifier NCT03793179) is a large, 
randomized, phase 3 clinical trial seeking to address the 
question of sequencing in patients with nonsquamous 
NSCLC and PD-L1 expression >1% with correlative 
immune biomarker analysis to understand which patients 
may benefit from each sequence of therapy.

Other approaches to combination therapy incorpo-
rating immunotherapy include strategies to limit chemo-
therapy exposure for the patient. Frontline nivolumab plus 
ipilimumab (a monoclonal antibody inhibiting CTLA-4)  
was compared with chemotherapy in the CheckMate 
227 trial (ClinicalTrials.gov identifier NCT02477826) 
and showed that this could be an option for patients who  
desire to avoid chemotherapy but are not optimal  
candidates for single-agent anti-PD1.24 Combination 
immunotherapy may also improve long-term OS over 
single-agent immunotherapy through enhanced immune 
activation, as has been seen in other malignancies.25,26  
The study enrolled patients with advanced, metastatic 
NSCLC stratified by PD-L1 expression ≥1% versus <1% 
and randomized 1:1:1 to nivolumab plus ipilimumab, 
nivolumab alone, or platinum doublet chemotherapy. An 
earlier report of the first coprimary endpoint of the study 
highlighted high TMB (≥10 mutations per megabase) as 
a biomarker predicting longer PFS with the use of com-
bination immunotherapy; however, this result did not 
persist in the OS analysis.27  In the second co-primary 
endpoint, across PD-L1 expression levels, the median OS 
was longer in the immunotherapy group than in the che-
motherapy group.24  Specifically, in patients with PD-L1 
expression ≥1%, the median OS was 17.1 months (95% 
CI, 15.0-20.1 months) with nivolumab plus ipilimumab 
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versus 14.9 months (95% CI, 12.7-16.7 months) with 
chemotherapy, whereas in the PD-L1 <1% group, the 
median OS was 17.2 months (95% CI, 12.8-22.0 months) 
versus 12.2 months (95% CI, 9.2-14.3 months), respec-
tively. The other chemotherapy-limiting strategy was 
tested in CheckMate 9LA (ClinicalTrials.gov identifier 
NCT03215706), a randomized phase 3 trial that eval-
uated nivolumab (360 mg every 3 weeks) plus low-dose 
ipilimumab (1 mg/kg every 6 weeks) along with only  
2 cycles of chemotherapy versus a standard schedule of 
chemotherapy alone (up to 4 cycles followed by main-
tenance therapy if eligible) as a first-line treatment in 
patients with advanced NSCLC regardless of PD-L1  
expression and histology. Patients in the experimental arm 
were treated for up to 2 years or until they developed dis-
ease progression or unacceptable toxicity. A preliminary 
report indicated that the study met its primary endpoint of  
improved OS in the intent-to-treat population. Notably, 
the increased rate of irAEs seen with the addition of  
ipilimumab is an important factor that will affect how 
well this strategy can be incorporated into regular clinical  
practice.

NSCLC: Locally Advanced and Early Stage 
Disease
Until recently, the treatment of unresectable stage III 
NSCLC had remained the same for years using SOC 
concurrent platinum doublet chemotherapy and ra-
diation (CRT) with or without additional consolidative 
chemotherapy, resulting in a 5-year OS rate <20%.28   
The PACIFIC trial (ClinicalTrials.gov identifier 
NCT02125461) randomized patients who had com-
pleted definitive CRT for locally advanced NSCLC in a 
2:1 fashion to receive either consolidative durvalumab (an 
anti–PD-L1 monoclonal antibody) or placebo. The study 
demonstrated a significant prolongation of PFS (HR, 0.52 
[95% CI, 0.42-0.65; P < .00]), with an improvement in me-
dian PFS from 5.6 months with placebo (95% CI, 4.6-7.8 
months) to 16.8 months with durvalumab (95% CI, 13.0-
18.1 months).29  The coprimary endpoint of OS was also 
significantly prolonged in the durvalumab group compared 
with the placebo group, with a stratified HR for death of 
0.68 (99.73% CI, 0.47-0.997; P  =  .0025).30  Patients in 
the durvalumab-treated group had median time to distant 
metastases or death of 28.3 months compared with 16.2 
months in the placebo group (stratified HR, 0.53; 95% 
CI, 0.41-0.68). Of note, the trial prospectively assessed ef-
ficacy in patients with PD-L1 levels ≥25% or <25% and 
was efficacious in both groups; however, a post hoc analy-
sis of patients with PD-L1 <1% numerically favored the 
placebo group.31  Because the trial did not require PD-L1 
testing (nearly 40% of patients had unknown PD-L1  

expression levels) and heterogenous PD-L1 expression has 
been well documented, PD-L1 expression is not required 
to initiate durvalumab after CRT.29  In practice, this regi-
men is well tolerated, although pneumonitis attributable 
to radiation and/or immunotherapy can be serious and 
led to treatment discontinuation in 5% of patients who  
received durvalumab on the trial.30  

Building on the success of the PACIFIC trial, on-
going studies are now seeking to test how harnessing the 
immune system could lead to improved outcomes by pre-
venting recurrence in earlier stages of NSCLC. The current 
SOC for resected NSCLC remains perioperative cispla-
tin-based doublet chemotherapy, which improved OS by 
approximately 5% compared with surgery alone in a large 
meta-anaysis.32 This innovation is desperately needed  
because, even among patients who are fortunate to be  
diagnosed with clinical stage I disease, 5-year survival may be 
as low as 77%, whereas those with clinical stage IIIA disease 
have 5-year survival estimates of only 36%.33 Large phase 2 
and 3 studies are underway investigating 1 year of single- 
agent adjuvant immunotherapy after surgical resection 
with nivolumab, atezolizumab, durvalumab, and pembroli-
zumab.34 Recurrence-free survival and OS data are maturing 
and are anticipated in the middle to late 2020s.

Numerous neoadjuvant single-agent and combination 
trials are ongoing following on the heels of the promis-
ing results seen with 2 cycles of nivolumab before surgical 
resection.35  In that pilot study, a 4-week immunotherapy 
treatment period before surgery was safe and well toler-
ated, with 20 of 21 patients undergoing subsequent com-
plete resection. Initial signs of the efficacy of neoadjuvant 
immunotherapy in resectable disease were quite promising 
based on the major pathologic response (MPR), defined 
as <10% viable tumor in the resected surgical specimen, 
with an MPR of 45% (9 of 21 patients).35,36  In LCMC3 
(ClinicalTrials.gov identifier NCT02927301), an ongoing 
Lung Cancer Mutation Consortium trial of neoadjuvant 
atezolizumab for 2 cycles followed by surgical resection and 
an optional year of adjuvant atezolizumab, the MPR rate 
in the initial 21 patients was 24%.37  Other neoadjuvant 
regimens under active investigation are nivolumab plus  
ipilimumab and chemoimmunotherapy with nivolumab, car-
boplatin, and paclitaxel.38,39  Although pathologic response 
rates provide an early efficacy read-out, the crucial OS data 
from large randomized studies are still lacking at this point.

The optimal management of mutation-driven NSCLC 
in either the surgically resectable or the CRT setting also 
remains an active area of investigation. In the post-CRT 
setting, although patients with EGFR-mutated and ALK-
translocated NSCLC were included in the PACIFIC 
trial, low numbers have limited the ability to reach  
definitive conclusions. Several clinical trials are currently 
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ongoing to assess the role of adjuvant TKIs in this setting. 
In EGFR-mutated NSCLC, the ADAURA clinical trial 
(ClinicalTrials.gov identifier NCT02511106) is investi-
gating osimertinib versus placebo after complete surgical 
resection, whereas the LAURA trial (ClinicalTrials.gov 
identifier NCT03521154) is comparing osimertinib ver-
sus placebo after CRT.40,41  Similarly, the ALINA trial 
(ClinicalTrials.gov identifier NCT03456076) is random-
izing patients with ALK-driven NSCLC to the TKI alec-
tinib versus doublet chemotherapy after complete surgical 
resection.42  

Small Cell Lung Cancer
Extensive-Stage Disease
The addition of immunotherapy to the armamentarium 
of treatment options for small cell lung cancer (SCLC) 
has provided the most consequential advancement in 
decades for this aggressive disease. Frontline SOC for 
extensive-stage SCLC now includes PD-1–targeted immu-
notherapy combined with the platinum etoposide chemo-
therapy backbone. The IMpower133 trial (ClinicalTrials.
gov identifier NCT02763579) randomized patients 1:1 to 
receive atezolizumab or placebo concurrent with 4 cycles 
of carboplatin and etoposide, followed by maintenance at-
ezolizumab or placebo until progression or unacceptable 
toxicity.43  Combination chemoimmunotherapy was well 
tolerated and improved the median OS from 10.3 months 
(95% CI, 9.3-11.3 months) in the placebo group to 12.3 
months (95% CI, 10.8-15.9 months) in the atezolizumab 
group (HR for death, 0.70; 95% CI, 0.54-0.91 [P = .007]) 
Similarly, the CASPIAN study (ClinicalTrials.gov identi-
fier NCT03043872) was a 3-arm trial that randomized 
patients with extensive-stage SCLC to platinum- 
etoposide, platinum-etoposide plus durvalumab, or plat-
inum-etoposide plus durvalumab and tremelimumab (a 
monoclonal antibody against CTLA-4).44  At a planned in-
terim analysis, standard platinum-etoposide chemotherapy 
for up to 6 cycles versus durvalumab in combination with a 
maximum of 4 cycles of doublet chemotherapy followed by 
maintenance durvalumab led to a significant improvement in 
OS (HR, 0.73, 95% CI, 0.59-0.91 [P = .0047]), with a me-
dian OS of 13 months (95% CI, 11.5-14.8 months) in the 
durvalumab plus platinum-etoposide arm versus 10.3 months 
in the control arm (95% CI, 9.3-11.2 months).44  The dur-
valumab, tremelimumab, and chemotherapy arm was not yet 
mature in terms of the number of events needed at the time 
of the interim analysis. KEYNOTE-604 (ClinicalTrials.gov 
identifier NCT03066778) is a similar trial of pembrolizumab 
plus chemotherapy compared with chemotherapy in treat-
ment-naive patients with extensive-stage SCLC. Preliminary 
information in a press release from the study sponsor  
indicated that the trial met its PFS endpoint but failed to 
improve OS.

Limited-Stage SCLC
One-quarter of patients with SCLC are diagnosed with 
limited-stage disease, for which SOC therapy is CRT fol-
lowed by prophylactic cranial radiation. With this approach, 
the 5-year OS rate remains at 20% to 25%.45  Clinical tri-
als are currently investigating whether the incorporation 
of checkpoint blockade during or after CRT will improve 
outcome.46  The ACHILES trial (ClinicalTrials.gov iden-
tifier NCT03540420) is evaluating 12 months of treatment 
with atezolizumab, whereas STIMULI (ClinicalTrials.
gov identifier NCT02046733) is testing nivolumab plus 
ipilimumab for 4 cycles followed by nivolumab for 12 
months as consolidation post-CRT. The ADRIATIC 
trial (ClinicalTrials.gov identifier NCT03703297) is a 
3-arm phase 3 study investigating consolidation therapy 
post-CRT using durvalumab with placebo or with treme-
limumab for 4 cycles followed by durvalumab compared 
with placebo. A CRT-immunotherapy approach using 
atezolizumab followed by maintenance atezolizumab is 
the focus of NRG-LU005 (ClinicalTrials.gov identifier 
NCT03811002), and the CLOVER trial (ClinicalTrials.
gov identifier NCT03509012) is studying durvalumab 
with or without tremelimumab added to CRT.

Relapsed SCLC
The role of immunotherapy in relapsed SCLC is evolv-
ing, as reported in initial studies of the safety and effi-
cacy of checkpoint inhibitors in relapsed patients who 
were not exposed to immunotherapy in the frontline 
setting. CheckMate 032 (ClinicalTrials.gov identi-
fier NCT01928394) assigned patients who had relapsed 
after at least 1 platinum-containing regimen to either 
single-agent nivolumab or different dose combinations 
of nivolumab plus 4 cycles ipilimumab every 3 weeks fol-
lowed by single-agent nivolumab.47  The primary endpoint 
of an investigator-assessed, objective response was met by 
10 of 98 patients (10%) who received nivolumab at a dose 
of 3 mg/kg every 2 weeks, 14 of 61 patients (23%) who 
received nivolumab at a dose of 1 mg/kg plus ipilimumab 
at a dose of 3 mg/kg, and 10 of 54 patients (19%) who 
received nivolumab at a dose of 3 mg/kg plus ipilimumab 
at a dose of 1 mg/kg. CheckMate 331 (ClincalTrials.gov 
identifier NCT02481830) is a global, open-label, phase 3 
trial that randomized patients who had recurrence after 
frontline platinum chemotherapy to nivolumab or chemo-
therapy with either topotecan or amrubicin, stratified by 
platinum sensitivity and central nervous system metasta-
sis.48  The primary endpoint of OS was not met, with a 
median OS of 7.5 months (95% CI, 5.7-9.2 months) in 
the nivolumab group compared with 8.4 months (95% CI, 
7.0-10.0 months) in the chemotherapy group. In patients 
with platinum-resistant SCLC, there was a significant  
improvement in OS (HR, 0.71; 95% CI, 0.54-0.94).
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Single-agent pembrolizumab was tested in 24 pa-
tients with relapsed SCLC as part of the phase 1b 
KEYNOTE-028 clinical trial (ClinicalTrials.gov identifier 
NCT02054806).49  All patients had PD-L1 expression of 
at least 1% and 87.5% had received 2 or more lines of prior 
therapy. The investigator-assessed ORR was 33%, with a 
single complete response and 7 partial responses noted. 
Subsequently, a phase 2 basket study KEYNOTE-158 
(ClinicalTrials.gov identifier NCT02054806) enrolled 
107 patients with relapsed SCLC, including 39% with 
a combined positive score (CPS) of ≥1% (PD-L1 posi-
tive) and 47% with PD-L1 negative disease.50  Patients 
with PD-L1–positive disease had an ORR of 35.7% (95% 
CI, 21.6-52.0), whereas PD-L1-negative patients had an 
ORR of 6% (95% CI, 1.3%-16.5%). OS was a second-
ary endpoint and also was prolonged in PD-L1–positive 
patients with a median OS of 14.6 months (95% CI, 5.6 
months to not estimable) versus 7.7 months (95% CI, 3.9-
10.4 months) in patients with PD-L–negative tumors. On 
the basis of these studies, single-agent pembrolizumab 
and nivolumab remain approved for third-line treatment 
of SCLC. Ongoing clinical trials are assessing other im-
munologic and disease-specific targets for patients with 
relapsed checkpoint therapy refractory disease.

Head and Neck Cancer
Immunotherapy has transformed the treatment landscape 
of HNSCC (Table 2). KEYNOTE-012 (ClinicalTrials.
gov identifier NCT01848834) was the first trial to dem-
onstrate the efficacy of checkpoint inhibitors in this dis-
ease. This phase 1b study examined the safety and efficacy 
of pembrolizumab in patients with a variety of recurrent 
metastatic solid tumor types, including 192 patients with 
HNSCC. Patients in the initial phase were required to have 
PD-L1 expression and were treated with pembrolizumab 
at a dose of 10 mg/kg every 2 weeks, whereas patients in 
the expansion phase were not required to have expression 
of PD-L1 and were treated with pembrolizumab at a dose 
of 200 mg every 3 weeks. Within the HNSCC cohort, 
74% of patients had received at least 2 prior lines of ther-
apy. In addition, HPV-associated HNSCC constituted 
24% of HNSCC cases. Pembrolizumab was overall safe 
and tolerable, demonstrated an ORR of 18%, and 71% of 
the patients maintained their response for >1 year. The 
PFS was 2.1 months, and the 1-year OS rate was 38%.51,52  
On the basis of the ORR and duration of response, the US 
Food and Drug Administration approved pembrolizumab 
for HNSCC in 2016 for platinum-refractory patients.53  
The subsequent KEYNOTE-055 trial (ClinicalTrials.
gov identifier NCT02255097) enrolled a similar HNSCC 
population in a nonrandomized, single phase 2 trial, but 
mandated that patients be refractory to platinum-based 

chemotherapy and cetuximab. The study also used pem-
brolizumab at a dose of 200 mg every 3 weeks. Among the 
171 patients who were enrolled, 82% expressed PD-L1, 
and 22% were HPV positive. The results were similar to 
those of KEYNOTE-012, with pembrolizumab having an 
ORR of 16%, a duration of response of 8 months, and no 
new safety concerns.54  

Advances the treatment of advanced HNSCC were 
needed. Before the checkpoint inhibitors, the last sys-
temic agent approved in platinum-refractory metastatic 
HNSCC was cetuximab in 2006, based on a single-arm 
trial of 103 patients demonstrating an ORR of 13%.55  
However, both KEYNOTE-012 and KEYNOTE-055 
were single-arm studies, and randomized, phase 3 data 
were needed to truly determine the role of immunother-
apy in this population. The first phase 3 randomized study 
showing the superiority of immunotherapy to chemother-
apy in the recurrent metastatic HNSCC population was 
the CheckMate 141 trial (ClinicalTrials.gov identifier 
NCT02105636). Patients were enrolled if they recurred or 
progressed within 6 months of completing standard plati-
num-based chemotherapy. Patients were enrolled and ran-
domized in a 2:1 fashion to either receive either nivolumab 
or investigator’s-choice SOC (cetuximab, methotrexate, or 
docetaxel). Nivolumab was shown to be less toxic than 
SOC, with grade 3 and 4 AEs reported in 13.1% of pa-
tients versus 35.1%, respectively. The trial met its primary 
endpoint because OS was superior with nivolumab com-
pared with SOC, with an HR of 0.70 (P  =  .01) and a 
1-year survival rate of 36.0% versus 16.6%, respectively. 
There was no difference in PFS, and the ORR was 13.3% 
versus 5.8%, respectively. In a secondary analysis, there 
was a trend toward improved efficacy with nivolumab in 
patients that who PD-L1 positive (PD-L1 expression 
≥1%; HR, 0.55) compared with those who were PD-L1 
negative (HR, 0.89).56  A separate subgroup analysis also 
showed that, regardless of HPV status, age, or whether pa-
tients on study had received prior cetuximab, the benefit of 
nivolumab was maintained.57,58  

KEYNOTE-040 (ClinicalTrials.gov identifier 
NCT02358031) was similar in design to CheckMate 141, 
a phase 3 study in platinum-failure, metastatic HNSCC 
comparing pembrolizumab with SOC chemotherapy 
(cetuximab, docetaxel, or methotrexate). There were 495 
patients enrolled to the study across 20 countries. The 
safety of pembrolizumab was consistent with the earlier 
KEYNOTE-012 and KEYNOTE-055 studies, and there 
were fewer grade 3 through 5 AEs with pembrolizumab 
than with chemotherapy (13% vs 36%, respectively). 
Pembrolizumab was more effective, with a median OS of 
8.4 versus 6.9 months (HR, 0.80; P = .0161) compared with 
chemotherapy. 59  These data firmly established nivolumab 
and pembrolizumab as the SOC for the second-line 
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treatment of metastatic HNSCC. However, not all stud-
ies of checkpoint inhibitors have been positive in recur-
rent HNSCC. Whereas the phase 2 CONDOR study 
(ClinicalTrials.gov identifier NCT02319044) showed 
that durvalumab plus tremilumab was safe and had some 
early efficacy, the phase 3 EAGLE study (Environment 
and Genetics in Lung Cancer Etiology) did not show 
an improvement in OS of with either durvalumab or 
durvalumab plus tremilumab compared with chemother-
apy for platinum-refractory HNSCC (7.6 months vs 6.5 
months vs 8.3 months, respectively).4,60  

In the frontline, recurrent, metastatic setting, the long-
standing SOC has been the EXTREME regimen, consist-
ing of platinum, 5-fluorouracil (5-FU), and cetuximab.61  
Fortunately, the treatment of HNSCC has recently evolved, 
and a recent trial examined pembrolizumab in the frontline 
setting for metastatic disease, challenging the long-held 
EXTREME frontline standard. KEYNOTE-048 was a 
large, international phase 3 study comparing chemother-
apy, chemotherapy and pembrolizumab, and pembroli-
zumab alone for patients who either had newly diagnosed 
metastatic HNSCC or had progressed after 6 months of 
receiving systemic therapy for locally advanced disease. 
The chemotherapy was the EXTREME regimen in the 
SOC arm and platinum plus 5-FU without cetuximab in 
the chemotherapy-pembrolizumab arm. Tissue was pro-
vided for PD-L1 testing. As opposed to the more common 
PD-L1 TPS obtained in KEYNOTE-040, the CPS was 
used, which assesses PD-L1 staining on both the tumor 
and the immune cells, in KEYNOTE-048. The primary 

endpoint was OS, comparing each of the experimental arms 
with the SOC arm, whereas safety, PFS, and the ORR were 
secondary endpoints. There was also a prespecified analy-
sis of the endpoints stratified by PD-L1 CPS scores (≥20, 
≥1, and the total population). Overall, 882 patients were 
enrolled: 85% were PD-L1–positive, and 43% had a CPS 
≥20. In comparing pembrolizumab alone versus SOC, 
there was a significant improvement in the median OS for 
the CPS ≥20 group (14.9 months vs 10.7 months; HR, 
0.61 [P  =  .0007]) and the CPS ≥1 group (12.3 months 
vs 10.3 months; HR, 0.78 [P = .0086]). OS was noninfe-
rior to SOC for the overall population. For chemotherapy 
plus immunotherapy versus SOC, there was a signifi-
cant improvement in median OS for the total population  
(13 months vs 10.7 months; HR, 0.77 [P =  .0034]) and 
in the other PD-L1 subgroups. There was no difference 
in PFS between the experimental cohorts and SOC, and 
the ORRs were slightly higher in the chemotherapy-containing  
arms than in the pembrolizumab-alone arm. As expected, 
toxicity was less in the pembrolizumab alone arm com-
pared with the pembrolizumab-chemotherapy and SOC 
arms (grade 3-5 AEs, respectively: 55%, 85%, and 83%).62   
To summarize, KEYNOTE-048 established that im-
munotherapy with or without chemotherapy is now the 
SOC for the first-line treatment of metastatic HNSCC. 
Whether the initiation of immune checkpoint inhibitors 
in the first-line setting would be preferable to chemoim-
munotherapy remains unanswered in HNSCC given that 
KEYNOTE-048 was not designed to compare its 2 exper-
imental arms. On the basis of KEYNOTE-048, the US 

TABLE 2.  Immunotherapy Trials in Metastatic Head and Neck Squamous Cell Carcinoma

POPULATION TRIAL DRUGS DETAILS PRIMARY OUTCOME: HR (95% CI)

First-line KEYNOTE-048 Pembrolizumab (P) ± chemotherapy (PC) vs chemotherapy 
+ cetuximab (CC)

OS P vs CC, CPS ≥1: 0.78 
(0.64-0.96); OS PC vs CC: 0.77 
(0.63-0.93)

Active8 Chemotherapy + cetuximab ± motolimod PFS: 0.99 (90% CI, 0.00-1.22)

Second-line and 
beyond

KEYNOTE-040 Pembrolizumab vs chemotherapy OS: 0.80 (0.65-0.98)

CheckMate 141 Nivolumab vs chemotherapy OS: 0.70 (0.51 to 0.96)

EAGLE Durvalumab (D) ± tremelimumab (DT) vs chemotherapy (C) OS D vs C: 0.88 (0.72-1.08);  
OS DT vs C: 1.04 (0.85-1.26)

KEYNOTE-012 Pembrolizumab PD-L1 ≥ 1% ORR, 18% (8%-32%)

KEYNOTE-055 Pembrolizumab ORR, 16% (11%-23%)

CONDOR Durvalumab (D) ORR D: 9.2% (3.46%-19.02%)

D + tremelimumab (DT) ORR DT: 7.8% (3.78%-13.79%)

Tremelimumab (T) ORR T: 1.6% (0.04%-8.53%)

Abbreviations: Active8 (ClinicalTrials.gov identifier NCT01836029); CheckMate 141 (ClinicalTrials.gov identifier NCT02105636); CONDOR (ClinicalTrials.gov identifier 
NCT02319044); CPS, combined positive score; EAGLE, Environment and Genetics in Lung Cancer Etiology; HR, hazard ratio; KEYNOTE-012 (ClinicalTrials.gov identi-
fier NCT01848834); KEYNOTE-048 (ClinicalTrials.gov identifier NCT02358031); KEYNOTE-055 (ClinicalTrials.gov identifier NCT02255097); ORR, objective response 
rate; OS, overall survival; PD-L1, programmed death ligand 1; PFS, progression-free survival.
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Food and Drug Administration has currently approved 
pembrolizumab monotherapy as first-line treatment for 
patients with CPS scores ≥1 and chemotherapy plus im-
munotherapy regardless of CPS score. Other anticipated 
immunotherapy frontline studies include KESTREL 
(ClinicalTrials.gov identifier NCT02551159), comparing 
the efficacy of durvalumab or durvalumumab plus tremili-
mumab versus the EXTREME regimen, and CheckMate 
651 (ClinicalTrials.gov identifier NCT02741570), compar-
ing nivolumab and ipilimumab also versus the EXTREME 
regimen. CheckMate 714 (ClinicalTrials.gov identifier 
NCT02823574), a companion study to CheckMate 651, is 
a phase 2 trial comparing nivolumab versus nivolumab plus 
ipilimumab in HNSCC. A recent press notification re-
ported that the study did not meet its primary endpoint in 
the response rate. This, in addition to the negative results 
of the EAGLE study, has shed some doubt regarding the 
clinical efficacy of CTLA-4 inhibitors and combination of 
these agents with PD-1/PD-L1 inhibitors in HNSCC.

Oropharyngeal HNSCC is a unique entity in that 70% 
of tumors in this location are biologically driven by HPV. 
One of the main carcinogenic mechanisms that HPV uses 
is overexpressing oncoproteins, such as E6 and E7, which 
inactivate tumor suppressors such as TP53 and RB, and 
thereby allow for unregulated growth.63 This is distinct 
from the molecular mechanisms of tobacco-related and 
other carcinogen-related malignancies. Patients (espe-
cially nonsmokers) with locally advanced, HPV-related 
HNSCC tumors have a significantly better prognosis than 
those with HPV-negative HNSCC, with 3-year survival 
rates of approximately 83% versus 57%, respectively.64 
Given the biologic differences, questions have arisen as 
to whether immunotherapy efficacy is affected by HPV 
status. A systematic review of clinical trials using immu-
notherapy in HNSCC found no significant difference in 
ORR, stable disease, progressive disease, or OS when the 
results were stratified by HPV status.65 As a whole, im-
munotherapy has proven to be effective for both HPV-
related and HPV-unrelated HNSCC; therefore, as of the 
publication of this article, HPV status should not play a 
role in the decision to use these agents in clinical prac-
tice. Research focusing on the targeting of HPV-related 
HNSCC is eagerly awaited given its implications on the 
field of immunotherapy in virally mediated tumors.

In addition, given the excellent outcomes seen with 
definitive therapy for nonmetastatic HPV-positive oro-
pharyngeal squamous cell carcinoma (OPSCC), there is 
significant interest in de-escalating care for this popula-
tion, with the goal of maintaining efficacy and decreas-
ing toxicity. One recently evolving treatment modality in 
low-risk HPV-related HNSCC is transoral robotic sur-
gery with or without radiation/chemotherapy. This needs 

to be compared with the current standard of primary CRT. 
Given the biologic rationale, efficacy in the metastatic 
setting, and safety profile, immunotherapy is considered 
a rational option for de-escalation. Data have suggested 
that radiation can sensitize HNSCC to immunotherapy 
through a variety of mechanisms, including increased 
MHC class I and other immune ligands, increased immune 
cell infiltration, etc.66  HN005 (ClinicalTrials.gov iden-
tifier NCT03952585) is a trial aimed at de-intensifying  
therapy for low-risk HPV–related OPSCC comparing 
standard CRT with lower dose radiation/chemotherapy 
versus lower dose radiation with nivolumab. Radiation 
Therapy Oncology Group (RTOG) 3504 (ClinicalTrials.
gov identifier NCT02764593) is a completed phase 1 
study of high-risk or intermediate-risk HNSCC examin-
ing the safety of nivolumab in combination with cisplatin, 
both weekly and every 3 weeks, and cetuximab followed 
by adjuvant nivolumab. Early reported data show that the 
combinations with nivolumab are feasible, with promising 
early oncologic outcomes.67  De-escalation using immu-
notherapy is worthy goal in OPSCC but should be done 
carefully because several recent nonimmunotherapy-based 
de-escalation trials were negative.68,69  

There are a multitude of other studies currently exam-
ining immunotherapy in locally advanced HNSCC. For 
example, Javelin Head and Neck 100 (ClinicalTrials.gov 
identifier NCT02952586) is currently examining the ad-
dition of avelumab to CRT (with a lead in, concurrent, 
and maintenance dosing schedule) with cisplatin for high-
risk HPV- HNSCC. Unfortunately, a recent press release 
has indicated that the statistical boundary for futility was 
crossed, thereby shedding doubt as to the most appropri-
ate approach for adding checkpoint inhibitors to the CRT 
backbone. More information is needed to better under-
stand possible factors that resulted in a lack of benefit in 
this study. Eastern Cooperative Oncology Group (ECOG 
3161) (ClinicalTrials.gov identifier NCT03811015) is 
following a different approach of adding immunotherapy 
after the completion of CRT. This trial is also focused on 
intermediate-risk, HPV-related OPSCC and examining 
the role of maintenance nivolumab. Typically, patients 
with intermediate-risk disease would not be candidates for 
de-escalation as is the case with low-risk disease. Given 
the potential for long-term relapse with distant metastases 
in this disease, a maintenance immune approach as offered 
by EA3161 is attractive. In addition, a randomized phase 
3 study evaluating atezolizumab (ClinicalTrials.gov iden-
tifier NCT03452137) as adjuvant therapy after definitive 
treatment has completed accrual. The patient popula-
tion in NCT03452137 is predominantly HPV-unrelated  
and thus is unlikely to provide a definitive answer as 
to the role of maintenance checkpoint inhibitors for 
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HPV-related OPSCC. Small institution trials are also  
examining novel agents in a window of opportunity designs. 
An example is a currently accruing trial of the semaphorin 
4D inhibitor pepinemab (ClinicalTrials.gov identifier-
NCT03690986).70  Finally, trials of immunotherapy in 
combination with reirradiation (ClinicalTrials.gov identi-
fier NCT03521570) and with stereotactic body radiation 
therapy (ClinicalTrials.gov identifier NCT03546582) are 
also ongoing.

Research on the role of immunotherapy in HNSCC 
is ongoing, with significant interest in combinations and 
vaccine-based studies. The HPV biology of oropharyngeal 
HNSCC allows for unique drug development in this dis-
ease. MEDI0457 is a plasmid recombinant interleukin (IL) 
2–based immunotherapy targeting the unique E6 and E7 
oncoproteins of HPV-positive HNSCC. In a small phase 
1b/2 study, the investigators demonstrated that, when de-
livered by electroporation, MEDI0457 showed sustained 
induction of HPV-specific, immune-specific responses 
and was demonstrated to be safe. Final efficacy results are 
awaited.71  The CUE-101 study (ClinicalTtrials.gov iden-
tifier NCT03978689) used a compound that combined 
IL-2 and a peptide-MHC composed of HLA-A 02:01 
and protein from E7, with the goal of developing an im-
mune response to HPV-positive HNSCC. The stimulator 
of interferon genes (STING) pathway plays an important 
part in immune activation, and the ADU-S100 molecule 
was designed as a STING activator and is currently being 
studied by direct tumoral injection in combination with 
pembrolizumab in HNSCC.72  In addition, immune ther-
apy in combination with targeted therapy is being studied, 
as exemplified by accruing trials in HNSCC combining 
immunotherapy with cabozantinib (ClinicalTrials.gov 
identifier NCT03468218), cetuximab (ClinicalTrials.gov 
identifier NCT03370276), and lenvatinib.73  

Resistance to Immunotherapy and Biomarkers 
of Response
Cancer immunotherapy relies on the ability of the  
immune system to recognize cancer cells and mount a tumor- 
specific response, with immunologic memory leading to 
potentially durable disease control. PD-(L)1–targeted 
regimens can fail patients because of primary resistance, 
when a cancer does not respond to immunotherapy, or 
acquired resistance, when a cancer initially responds but 
then progresses. Adaptive immune mechanisms may 
underlie both of these scenarios and evolve, as the in-
teraction between the immune system and the tumor is 
dynamic both temporally and regionally within the body.74 
T-cell–mediated mechanisms of resistance include an ab-
sence of antigenic proteins or their presentation to the 
immune system. Cytotoxic T cells may be functionally 

silenced by the tumor, as with oncogenic PD-L1 expres-
sion, or by other inhibitory cells, such as regulatory T cells,  
myeloid-derived suppressor cells, and tumor-associated 
macrophages. Alternatively, T cells may be excluded from 
the tumor microenvironment altogether either by the  
tumor-mediated, tissue-specific, or acquired microenvi-
ronment signaling pathways.74

In a system this complex, it is perhaps not surprising 
that our understanding of predictive and prognostic bio-
markers remains limited. PD-L1 expression by immuno-
histochemistry is the most widely used biomarker and is 
predictive of response to PD-(L)1 blockade in lung cancer 
and HNSCC. But each PD(L)-1–targeting antibody was 
developed alongside its own companion diagnostic, each 
of which has different sensitivities and grading scales.75 In 
addition to changing PD-L1 expression levels over time, 
there is intratumoral heterogeneity, and expression may 
differ depending on which metastatic site is sampled.4 In 
NSCLC, it was shown that metastatic sites tend to differ 
with higher expression levels in liver and adrenal metasta-
ses than in bone or brain metastases.76,77 Interestingly, in 
patients with HNSCC, the CPS score, which accounts for 
the immune milieu, is more predictive than the TPS score 
for response to PD-1 blockade, as described above. TMB 
is another investigational surrogate biomarker of response 
to immunotherapy. The current thought is that mutations 
leading to neoantigens, or novel immunogenic peptides, 
underlie this association, but this may be a simplistic view 
of a genome-wide finding.78 Among tumor types known 
to respond to immunotherapy, specifically NSCLC, mel-
anoma, and mismatch repair-deficient tumors, TMB is 
associated with response to checkpoint blockade.3,79,80 
Similar to PD-L1, the measurement of TMB varies by 
testing platform and is dynamic; to date, TMB assessment 
is not currently an integral part of the clinical treatment 
algorithm for lung cancer or HNSCC. The search for bet-
ter prognostic and predictive biomarkers is ongoing and 
will be essential to improving patient selection for the 
growing list of therapeutic options.

Summary
Now that checkpoint inhibitor therapy has reached the 
frontline setting in both lung cancer and HNSCC, clini-
cal trials need to address treatment options at progression 
because only traditional cytotoxic chemotherapy options  
remain as the SOC. This highlights the gaping area of need 
for treatment options in the setting of innate or acquired 
resistance to checkpoint inhibitor therapy. Strategies to 
resensitize patients to immunotherapy include high-dose 
radiation, which is being studied by the NRG cooperative 
group. Novel sequencing paradigms between chemother-
apy and immunotherapy need investigation. The immune- 
modulatory effects of systemic chemotherapy need to be 
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further investigated. The optimal sequencing depends on the 
cytotoxic as well as immune-modulatory agents at stake and 
likely will depend on the disease. As noted, tyrosine kinases 
are being studied as single agents or in combination with 
immunomodulatory approaches. Promising drugs in phase 
3 clinical trials in NSCLC include canakinumab, a mono-
clonal antibody targeting IL-1B, which led to a significant 
reduction in the risk of developing lung cancer in a large 
cardiovascular disease clinical trial.81  Large cooperative 

efforts that enable the study of multiple genomic altera-
tions, such as Lung-MAP (ClinicalTrials.gov identifier 
NCT02154490) have been designed to specifically address 
this need. In conclusion, immunotherapy has changed the 
SOC for aerodigestive malignancies, including lung cancer 
and HNSCC, and has paved the way for a new treatment 
paradigm. Despite these advances, monumental efforts are 
still needed to significantly affect the outcome of patients 
with these challenging diseases. ■
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