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Simple Summary

Immune checkpoint inhibitors (ICIs) have transformed cancer treatments across multiple
malignancies, but when it comes to head and neck squamous cell carcinoma (HNSCC),
their clinical benefit varies substantially across different disease settings. This review
provides a biological framework to explain why similar immunotherapy agents produce
different outcomes in recurrent/metastatic, locally advanced, and perioperative HNSCC.
Instead of simply summarizing various clinical trial outcomes, we integrate evidence from
randomized studies with the current understanding of tumor biology and host immunity.
The review highlights the consistent benefit of ICI use in recurrent/metastatic disease, as
well as in the perioperative setting. On the other hand, it also examines the repeated failure
of ICIs in unresected locally advanced disease settings. We propose that the success of
ICIs in recurrent/metastatic and perioperative disease, versus their repeated failure in
locally advanced disease, is due to the presence of intact tumor antigen and preserved
host immune competence, whereas treatment delivered during or after cytotoxic therapy is
limited by lymphopenia and reduced antigen exposure. Hence, unlike multiple previous
reviews that primarily summarize clinical trial outcomes, this review examines current
randomized clinical trial data through a biologically grounded framework and offers a
hypothesis that may guide future treatment sequencing and biomarker-driven patient
selection and the design of precision immunotherapy trials in HNSCC.

Abstract

Head and neck squamous cell carcinoma (HNSCC) remains a significant global health
burden with limited survival improvement in locally advanced disease despite multimodal
therapy. Immune checkpoint inhibitors (ICls) targeting the PD-1/PD-L1 pathway have
demonstrated substantial clinical benefit in recurrent or metastatic HNSCC, establishing PD-
1 blockade as a standard of care. Similar approaches in locally advanced disease, including

Omnco 2026, 6, 37

https:/ /doi.org/10.3390/onco6030037


https://crossmark.crossref.org/dialog?doi=10.3390/onco6030037&domain=pdf&date_stamp=2026-07-31
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/onco
https://www.mdpi.com
https://orcid.org/0009-0000-3625-1790
https://orcid.org/0009-0005-8514-2781
https://orcid.org/0000-0003-1518-1097
https://doi.org/10.3390/onco6030037

Onco 2026, 6, 37

2 of 20

concurrent administration with chemoradiotherapy or use in the adjuvant setting, have
not demonstrated improvement in survival outcomes across multiple randomized trials.
Perioperative strategies incorporating neoadjuvant and adjuvant checkpoint inhibition have
shown improved event-free and disease-free survival in resectable disease. Meta-analyses
of concurrent and adjuvant approaches confirm limited benefit in unselected populations,
with modest improvements restricted to biologically defined subgroups. Trial outcomes
across disease settings demonstrate a consistent pattern in which therapeutic efficacy varies
despite the use of similar agents. Rather than simply summarizing these clinical findings,
this review integrates evidence across recurrent/metatstatic, unresected locally advanced
and perioperative disease settings into a biologically focused framework to help explain the
varying efficacies of immune checkpoint inhibition in HNSCC. Current evidence indicates
that the effectiveness of immunotherapy in HNSCC is determined by the biologic context
of treatment, including tumor antigen availability, host immune competence, and timing
of immune activation. Administration of checkpoint blockade in the presence of intact
tumor antigen and preserved immune function is associated with improved outcomes,
whereas treatment delivered during or after cytotoxic therapy is limited by lymphopenia
and reduced antigen exposure. By synthesizing randomized clinical evidence through this
biologic framework, the review provides a conceptual perspective that may help explain
previous trial outcomes and inform future biomarker-driven patient selection and treatment
sequencing. Optimization of immunotherapy in HNSCC will depend on the integration of
immune activation with disease context rather than an escalation of therapeutic intensity.

Keywords: head and neck cancer; head and neck squamous cell carcinoma; immune
checkpoint inhibitors

1. Background

The term “head and neck cancer (HNC)” comprises malignancies involving the oral
cavity, lip, pharynx, hypopharynx, larynx, nasal cavity, paranasal sinuses, and salivary
glands [1,2]. Head and neck squamous cell carcinoma (HNSCC) arises from the squamous
epithelium lining the mucosal surfaces of the upper aerodigestive tract and represents the
predominant histologic subtype of HNC. Collectively, these malignancies represent the
seventh-most common cancer worldwide, reflecting a substantial global health burden [2].
According to the Global cancer Observatory (GLOBOCAN) 2022, HNC accounted for
approximately 947,211 new cancer cases and 482,428 deaths globally [2,3]. However, the
regional patterns of HNC vary considerably; in North America, oropharyngeal cancers
account for 44% cases of HNC cases [2]. In the United States, the Surveillance, Epidemiology,
and End Results program estimated that cancers of the oral cavity and pharynx accounted
for nearly 60,000 cases and resulted in around 13,000 deaths in 2025 [4]. The epidemiology of
HNSCC in the United States has also shifted with the rise in human papillomavirus (HPV)-
associated disease. Between 1988 and 2004, the incidence of HPV-positive oropharyngeal
SCC in the US increased by 225%, whereas HPV-negative cancers declined by approximately
50% [5]. HPV status is now a major biologic and prognostic factor in oropharyngeal cancer.
These epidemiologic trends underscore both the persistent burden and the evolving biologic
landscape of HNSCC.

Outcomes in locally advanced head and neck squamous cell carcinoma (LA-HNSCC)
have improved only modestly over the past several decades, despite advances in surgery
and chemoradiotherapy (CRT). Treatment has historically relied on combinations of surgery,
radiotherapy, and platinum-based chemotherapy, with limited progress in long-term sur-
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vival. Prognosis in recurrent or metastatic disease also remains poor, with survival mea-
sured in months rather than years. Hence, the need for more effective systemic treatment
strategies has remained a central challenge in the management of HNSCC.

Immune checkpoint inhibitors (ICIs) targeting the programmed death-1 (PD-1) and
programmed death ligand-1 (PD-L1) pathway have transformed cancer treatment across
multiple malignancies. In non-small-cell lung cancer and melanoma, checkpoint blockade
has demonstrated clinically meaningful survival benefits and has redefined standards of
care in both metastatic and earlier disease settings [6—10]. HNSCC is often characterized
by features that theoretically support susceptibility to immune checkpoint blockades,
including relatively high mutation burden, viral antigenicity in HPV-associated tumors, and
a tumor microenvironment enriched with immune infiltrates [11]. These intrinsic features,
along with the success of ICIs in other malignancies, generated substantial enthusiasm for
evaluating the role of ICIs in HNSCC.

Early randomized trials demonstrated that the use of ICIs could improve overall
survival in recurrent or metastatic head and neck squamous cell carcinoma (R/M-HNSCC).
CheckMate 141, a phase III clinical trial, demonstrated improved overall survival in patients
with platinum-refractory, recurrent HNSCC treated with nivolumab compared to those
treated with the investigator’s choice single-agent chemotherapy [12,13]. Similarly, the
KEYNOTE-048 trial established that first-line pembrolizumab and pembrolizumab with
chemotherapy resulted in improved overall survival outcomes versus cetuximab with
chemotherapy in patients with R/M-HNSCC [14,15].

Attempts to translate these results to locally advanced disease have been less suc-
cessful. Several trials evaluating the use of ICIs concurrently with radiotherapy and/or
chemotherapy or in the adjuvant setting failed to demonstrate clinically and statistically
significant improvements in event-free survival, progression-free survival, and locoregional
disease control [16-21]. These repeatedly negative findings prompted reconsideration of
how IClIs should be best incorporated into the treatment of locally advanced HNSCC.

Perioperative strategies have demonstrated more encouraging results. Trials evalu-
ating immune checkpoint blockades before surgery, followed by postoperative therapy,
as well as adjuvant ICI-based approaches combined with CRT, have shown significant
improvements in survival outcomes [22,23]. The divergence between outcomes with ICIs
when used at different stages of disease suggests that therapeutic efficacy may depend not
only on the checkpoint inhibitor employed but also on the biologic context in which im-
mune activation occurs. Rather than representing isolated positive and negative trials, these
studies collectively suggest that disease setting, treatment sequencing, and preservation of
host immune competence may be major determinants of response.

Immunotherapy in HNSCC has been widely reviewed, with many existing reviews
focusing on describing pertinent trial results as well as some addressing treatment sequenc-
ing, clinical decision making and biomarker development. These reviews have provided
important summaries of emerging clinical evidence and evolving therapeutic strategies.
However, what distinguishes this review is that it does not simply summarize immunother-
apy trials, but instead interprets these studies through a biologically grounded framework
centered on tumor antigen exposure, host immune competence, and treatment sequencing
across not one but all HNSCC disease settings. The divergent outcomes observed across
disease settings raise an important question: why do similar checkpoint inhibitors produce
durable benefits in some clinical settings but not others? We propose that one biologically
plausible explanation is that treatment timing relative to tumor antigen availability and host
immune competence influences the effectiveness of immune activation and subsequently
immune checkpoint blockade. Available evidence shows that ICIs have improved outcomes
in recurrent or metastatic disease and in perioperative approaches for resectable locally
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advanced disease. On the other hand, concurrent or maintenance strategies delivered
during or after definitive chemoradiotherapy have generally failed to improve outcomes in
unresected locally advanced disease. These results suggest that efficacy of immunotherapy
may depend less on the specific ICI used and more on when it is introduced during the
course of treatment. Concurrent and adjuvant strategies in LA-HNSCC have generally
failed to improve outcomes, possibly because checkpoint blockade is administered during
periods of treatment-related immune suppression or after tumor antigen exposure is al-
ready diminished, thereby limiting effective immune priming. In contrast, perioperative
approaches preserve the intact tumor as a source of antigen, which may facilitate a more
robust systemic T-cell expansion before definitive therapy. When viewed from this perspec-
tive, future immunotherapy development in HNSCC may depend more on biologically
aligned treatment sequencing than on further escalation of therapy. Accordingly, this
review synthesizes current evidence through a biologically grounded framework to explain
divergent trial outcomes and to inform future biomarker-driven and sequencing-based
immunotherapy strategies in HNSCC. As summarized in Figure 1, the clinical activity of
immune checkpoint blockade in HNSCC appears to depend on disease setting, treatment
timing, tumor antigen availability, and preservation of host immune competence.

Immunotherapy efficacy in HNSCC depends on disease setting, treatment timing, and biologic

context
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Figure 1. Proposed conceptual model for divergent immunotherapy outcomes in head and neck
squamous cell carcinoma. Clinical efficacy appears to vary according to disease setting, timing of treat-
ment, tumor antigen availability, and preservation of host immune competence. Recurrent/metastatic
and perioperative settings may provide more favorable conditions for immune priming, whereas
concurrent or maintenance approaches delivered during or after definitive chemoradiotherapy in
unresected locally advanced disease may be constrained by treatment-related immune suppression
and diminished antigen exposure.

2. Locally Advanced HNSCC: Concurrent and Adjuvant Immunotherapy

The current standard of care for locally advanced head and neck squamous cell carci-
noma (LA-HNSCC) consists of a multimodal approach including surgery, radiotherapy,
and systemic chemotherapy, depending on tumor site, stage, and resectability [24]. Un-
resectable disease is treated with a concurrent cisplatin-based chemoradiotherapy (CRT)
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regimen, while surgery followed by radiotherapy or chemotherapy is recommended for
resectable disease with high-risk features [24].

The success of ICIs in recurrent or metastatic disease drove efforts to incorporate
ICIs into the treatment of LA-HNSCC. Given the established role of CRT in unresectable
LA-HNSCC, early trials explored the addition of ICIs either concurrently with CRT or
radiotherapy alone, or in the adjuvant setting [16-21].

Radiotherapy has been shown to promote tumor antigen release and augment immune
priming, providing a theoretical framework for combining radiotherapy with immune
checkpoint inhibition [25,26]. Hence, the rationale for these strategies was likely based on
studies showing that interactions between co-stimulatory and inhibitory molecules regulat-
ing T-cell responses can be targeted to enhance the CRT antitumor immune response in the
tumor microenvironment [25,26]. Importantly, these negative findings were reproduced
across multiple randomized studies evaluating different checkpoint inhibitors, treatment
schedules, and patient populations. This consistency suggests that the absence of benefit
is unlikely to reflect failure of an individual drug and instead raises the possibility that
the biologic environment during definitive chemoradiotherapy may be less favorable for
effective immune activation (Table 1).

The KEYNOTE-412 trial evaluated the addition of pembrolizumab (ICI) to CRT in
804 patients with high-risk unresected LA-HNSCC. Patients were randomized to receive
pembrolizumab plus CRT or placebo plus CRT [16]. Pembrolizumab was administered
concurrently with cisplatin-based chemotherapy and accelerated or standard fractiona-
tion radiotherapy, followed by ICI maintenance therapy [16]. However, the addition of
pembrolizumab did not significantly improve the primary endpoint of event-free survival
compared with chemoradiotherapy alone (hazard ratio 0.83; 95% CI 0.68-1.03) [16], al-
though a numerical trend toward benefit was observed. In the PD-L1 combined positive
score (CPS) > 1 subgroup, a greater effect size was seen (hazard ratio 0.80; 95% CI 0.64-1.00),
without meeting the prespecified threshold for statistical significance [16].

The JAVELIN Head and Neck 100 trial evaluated the addition of avelumab in combi-
nation with CRT in 697 patients with previously untreated LA HNSCC [17]. Patients were
randomly assigned to receive avelumab concurrently with CRT (cisplatin plus intensity-
modulated radiotherapy), followed by ICI maintenance therapy versus placebo with
CRT [17]. The trial was stopped early for futility. Progression-free survival was not
improved, and outcomes favored the control arm (hazard ratio 1.21; 95% CI 0.93-1.57) [17].

Additionally, other studies have investigated the use of checkpoint inhibition in
cisplatin-ineligible patients. The GORTEC 2015-01 PembroRad trial compared pem-
brolizumab with radiotherapy to cetuximab with radiotherapy in cisplatin-ineligible, stage
HI-1V, unresected LA HNSCC [18]. No improvement was observed in locoregional con-
trol rate 15 months after radiotherapy (odds ratio 1.05; 95% CI 0.-2.59), progression-free
survival (hazard ratio 0.85; 95% CI 0.55-1.32), or overall survival (hazard ratio 0.83; 95%
CI 0.49-1.40) [18]. However, the treatment regimen of pembrolizumab with radiotherapy
appeared less toxic in unfit patients with LA-HNSCC [18].

Similarly, the NRG-HNO004 trial evaluated the use of durvalumab with radiotherapy
compared with cetuximab and radiotherapy in cisplatin-ineligible patients with stage III-
IVB, pl6-negative, or unfavorable stage I-11I, p16-positive LA-HNSCC [20]. However, phase
IT accrual was suspended following interim futility analysis, and therefore, phase Il was not
conducted [20]. Results showed that durvalumab plus radiotherapy did not demonstrate
statistically significant improvement in the primary endpoint, progression-free survival,
compared to cetuximab plus radiotherapy (hazard ratio 1.33; 95% CI 0.84-2.12) [20]. Hence,
this study also failed to demonstrate the superiority of immunotherapy over cetuximab-
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based therapy, further underscoring the difficulty of replacing established radiosensitizing
agents with immune checkpoint inhibitors in LA-HNSCC.

Table 1. Locally advanced head and neck squamous cell carcinoma (LA-HNSCC).

Comparison Timin Prima Effect
Trial Setting ICI Group Group of I CIg End (fi}llit Size Result Key Findings
P POt (HR/OR)
Pembrolizumab
High-risk, Concurrent plus CRT did
Keynote unresected, Pembrolizumab Placebo + n =402 R . not significantly
412 LA- + CRT CRT in each group ;;\fli;nte- EFS HRO083  Negative improve EFS
HNSCC compared
with placebo
High-risk, ?r‘ii:mab Concurrent Avelumab plus
JAVELIN  unresected,  Avelumab + Placebo + (n = 350) + Mainte- PFS n/a Negative ~ CRT did not
HN100 LA- CRT CRT )
HNSCC Placebo group  nance improve PFS
(n = 347).
Pembrolizumab—
RT did not
GORTEC Cetuximab improve LRC or
Stage III-1V,
2015-01 * Prembolizumab Cetuximab  group (1 = 64) . PFS, but
unresected . Concurrent LRC OR1.05 Negative
(Pembro- HNSCC +RT +RT Pembrolizumab appeared less
Rad) group (1 = 65) toxic in unfit
patients with
LA-HNSCC
Cisplatin-unfit
pts, a favorable
effect of adding
. . avelumab to
Stage 1LV, Avelumab Cisplatin favorable cetuximab-RT
. e Avelumab + + group PFS
GORTEC  cisplatin-fit . . Concurrent . . was seen on PFS
. . Cetuximab + Cetuximab  (n =430) . signal in .
2017-01 vs cisplatin- . . + mainte- PFS HR 0.80 . . and distant
. IMRT + IMRT w/o Cisplatin cisplatin-
(REACH)  unfit . . . nance . metastases but
. With cisplatin ~~ Without group unfit
patients . . _ not on OS. In
cisplatin (n=277) cohort . o
cisplatin-fit pts,
the SOC
cisplatin-RT was
superior
Stage
MI-IVB p16-
negative .
Durvalumab did
HNSCC or not improve PFS
unfavor- Durvalumab
able stage D lumab C b 8roup E:omp aredbto
NRG- urvalumab + etuxima . etuximab in
HN004 I—IH P16- RT +RT (n= 12.3) Concurrent PFS HR1.33 Negative patients with
positive Cetuximab .
HNSCC wih
HNSCC, group (n = 63) s
ineligible contraindica-
for cisplatin tions to cisplatin
LA-
HNSCC
IS\t]aay;eIVb Atezolizumab
HPV. did not improve
; clinical
negative or .
Stage Il outcomes in
HPV- n =203 in both patients with LA
IMvoke010 s Atezolizumab  Placebo Adjuvant  EFS HR0.94 Negative HNSCC at high
positive, groups sk of
LA- riskof .
progression after
ii\elfcc multimodal
. definitive
definitive
treatment
treatment.

HR: hazard ratio; OR: odds ratio; EFS: event-free survival; CRT: chemoradiotherapy; PFS: progression-free
survival; LRC: locoregional control; RT: radiation therapy; IMRT: intensity-modulated radiation therapy; SOC:
standard of care.
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The GORTEC 2017-01 REACH, phase III, multi-arm randomized controlled trial ex-
plored the use of avelumab with cetuximab and radiotherapy, followed by ICI maintenance
therapy in patients eligible for cisplatin versus those ineligible for cisplatin [19]. This
approach aimed to enhance immune activation through combining checkpoint blockade
and epidermal growth factor receptor (EGFR) inhibition. However, outcomes differed
by cisplatin eligibility. Among cisplatin-unfit patients, adding avelumab to cetuximab-
radiotherapy produced a favorable effect on progression-free survival and distant metas-
tases, but not overall survival [19]. By contrast, in cisplatin-fit patients, standard cisplatin-
radiotherapy was superior to cetuximab, avelumab, and radiotherapy [19], showing that
ICI-based regimen may be beneficial in select patient populations with LA-HNSCC.

Lastly, beyond concurrent treatment strategies, investigators have also evaluated the
use of ICIs as adjuvant therapy in the treatment of LA-HNSCC. The IMvoke010 phase III,
double-blind, randomized clinical trial, investigating the use of atezolizumab vs placebo as
maintenance therapy after multimodal definitive treatment in patients with stage IVa-IVb
or HPV-negative oropharynx or stage IIIl HPV-positive oropharynx LA-HNSCC without
disease progression after multimodal definitive treatment. However, despite the theoretical
appeal of eliminating residual micrometastatic disease through immune activation, the
study failed to demonstrate improvements in survival outcomes with atezolizumab main-
tenance therapy after multimodal definitive treatment [21]. There was no improvement
shown in the primary endpoint, event-free survival (hazard ratio 0.94; 95% CI, 0.70-1.26),
and no difference in overall survival between atezolizumab and placebo in patients with
LA HNSCC at high risk of disease progression [21].

Randomized trials evaluating ICIs administered concurrently with definitive CRT in
unresected LA-HNSCC have not demonstrated statistically significant improvements in
survival outcomes. These include KEYNOTE-412, JAVELIN Head and Neck 100, Pem-
broRad, and NRG-HNO004. Maintenance atezolizumab following definitive treatment also
failed to improve outcomes. Despite differences in trial design, patient populations, and
ICI used, none of the major randomized trials demonstrated significant improvements in
patient survival outcomes. The mechanisms underlying these results remain incompletely
defined. However, the reproducibility of these findings across multiple independent phase
III trials suggests that treatment context, rather than individual study design, may explain
the observed lack of benefit. These consistently negative findings support the hypoth-
esis that treatment-induced lymphopenia, altered antigen presentation, and disruption
of immune homeostasis during definitive chemoradiotherapy may reduce the ability of
checkpoint blockade to generate durable antitumor immunity.

Outcomes differ in resectable disease. Perioperative strategies, including neoadjuvant
and adjuvant checkpoint inhibition, have demonstrated significant improvements in sur-
vival endpoints in recent phase III trials [22,23]. These findings indicate that therapeutic
efficacy in LA-HNSCC is dependent on disease setting and treatment sequencing. The
observed activity of perioperative approaches suggests that timing of immune checkpoint
inhibition relative to tumor burden and host immune status may influence therapeu-
tic efficacy.

3. Pooled Evidence for Inmunotherapy in Locally Advanced HNSCC

To determine whether individually negative randomized trials concealed clinically
meaningful treatment effects, several meta-analyses pooled available evidence evaluat-
ing concurrent or adjuvant immune checkpoint inhibition in unresected locally advanced
HNSCC. A systematic review and meta-analysis of cisplatin-ineligible patients pooled
data from the PembroRad and NRG-HNO004 trials, including 319 patients treated with
ICI-radiotherapy or cetuximab-radiotherapy [22]. However, no significant difference was
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observed in progression-free survival (hazard ratio 1.09; 95% CI 0.84-1.42) or overall
survival (hazard ratio 1.08; 95% CI 0.79-1.48) [22]. Subgroup analysis suggested worse out-
comes in plé-negative disease (hazard ratio 1.48; 95% CI 1.05-2.09), although these findings
require prospective validation [22]. Toxicity findings from this pooled analysis showed no
significant difference in overall grade 3 or higher adverse events. ICI-radiotherapy was
associated with lower rates of grade 3 or higher radiation dermatitis and mucositis, but
with a higher incidence of any-grade xerostomia [22].

A separate pooled analysis of patients enrolled in KEYNOTE-412, JAVELIN Head and
Neck 100, and NRG-HNO004 trials was conducted to evaluate 1687 patients treated with ICIs
in combination with radiotherapy or chemoradiotherapy in LA HNSCC [23]. The results
showed that the addition of ICIs to CRT or radiotherapy was associated with improved
2-year progression-free survival (PFS) among patients with PD-L1-positive LA-HNSCC
(HR 0.81; 95% CI 0.67-0.99), whereas outcomes were inferior in the PD-L1-negative cohort
(HR 1.34; 95% CI 1.02-1.76) [23]. Since NRG-HNO004 enrolled only cisplatin-ineligible
patients and demonstrated that immunoradiotherapy was inferior to radiation plus ce-
tuximab, a subset analysis of cisplatin-eligible LA-HNSCC, including KEYNOTE-412 and
JAVELIN Head and Neck 100 trials, was also conducted. Results demonstrated improved
progression-free survival with the addition of ICIs to standard CRT in the PD-L1-positive
cohort (hazard ratio 0.78; 95% CI 0.63-0.97) [23]. No overall survival benefit was observed
in PD-L1-positive disease overall or in the cisplatin-eligible subgroup [23]. These findings
highlight the mixed benefits seen with concurrent immunotherapy in LA-HNSCC, but
also suggest that benefits may be confined to biologically selected subgroups, while also
underscoring the limitations of applying ICI-based intensification broadly across unse-
lected patient populations. However, interpretation of these findings requires caution. The
pooled analysis combined trials with substantial clinical and methodological heterogeneity,
including cisplatin-eligible and cisplatin-ineligible populations, radiotherapy alone versus
chemoradiotherapy, and different checkpoint inhibitors and PD-L1 assays [23]. The re-
ported PD-L1 subgroup effects are hypothesis-generating rather than definitive and require
prospective validation.

Additional meta-analyses of toxicity have shown broadly comparable safety profiles
between ICI-based therapy and standard CRT, with some evidence of increased high-
grade odynophagia in ICI-treated cohorts [24,27]. Toxicity findings are not uniform across
meta-analyses and vary according to the populations and treatment strategies included.

These pooled analyses reinforce the conclusions reached by the individual randomized
trials. Although exploratory signals were observed within biologically defined subgroups,
the overall evidence does not support routine incorporation of concurrent or maintenance
checkpoint inhibition in unselected patients with unresected locally advanced HNSCC.
Signals of improved progression-free survival in PD-L1-positive disease and p16-positive
subgroups have been reported but remain exploratory and have not translated into a
consistent overall survival benefit. These findings apply to concurrent or maintenance
strategies in unresected disease and should not be generalized to perioperative approaches
in resectable or resected LA-HNSCC, where randomized phase III trials have demonstrated
improved survival outcomes.

4. The Emergence of Perioperative Imnmunotherapy

In contrast to concurrent chemoradiotherapy studies, perioperative approaches incor-
porating immune checkpoint inhibitors have consistently demonstrated clinically mean-
ingful improvements in event-free survival and disease-free survival in resectable locally
advanced HNSCC, representing the first major therapeutic advance in this setting in ap-
proximately 20 years.
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The phase III, KEYNOTE-689 trial explored the benefits of adding perioperative
pembrolizumab to standard-of-care surgery and adjuvant therapy for patients with LA-
HNSCC. A total of 363 patients were randomized to receive two cycles of neoadjuvant
pembrolizumab, followed by adjuvant pembrolizumab in addition to standard of care
(surgery and adjuvant radiotherapy with or without concomitant cisplatin) or standard of
care alone [28]. The trial demonstrated a significant improvement in the primary outcome
of event-free survival with the addition of neoadjuvant and adjuvant pembrolizumab to
the standard of care [28]. In patients whose tumors expressed programmed death-ligand 1
(PD-L1) with a CPS > 10, event-free survival at 36 months was 59.8% in the pembrolizumab
group and 45.9% in the control group (hazard ratio 0.66; 95% CI 0.49-0.88) [28]. In those
with a CPS > 1, 36-month event-free survival was 58.25% in the pembrolizumab group
and 44.9% in the control group (hazard ratio, 0.70; 95% CI, 0.55-0.89), and, finally, in the
total population, 57.6% and 46.4%, respectively (hazard ratio, 0.73; 95% CI 0.58 to 0.92) [28].
KEYNOTE-689 also demonstrated a reduction in distant metastases. Benefit was consistent
across PD-L1-defined populations, although the trial was not powered to determine efficacy
in the small CPS < 1 subgroup. Rather than demonstrating superiority of a specific check-
point inhibitor, these findings suggest that preservation of intact tumor antigen exposure
before definitive local therapy may enhance immune priming and improve subsequent
systemic antitumor responses.

Additional support for the perioperative immunotherapy approach came from the
GORTEC 2018-01 (NIVOPOSTOP) trial, which evaluated the addition of nivolumab to
standard postoperative CRT versus standard postoperative CRT alone in patients with
high-risk resected LA-HNSCC [29]. High-risk features included extranodal extension,
microscopically positive margins, four or more involved cervical lymph nodes without
extranodal extension, or multiple perineural invasions. In this randomized phase III
trial, a total of 680 patients were enrolled following surgical resection and assigned to
receive nivolumab followed by standard-of-care CRT (cisplatin and radiotherapy) with
nivolumab, and followed by nivolumab maintenance therapy versus standard-of-care
CRT only [29]. Results showed that adjuvant Nivolumab added to CRT led to clinically
and statistically significant improvement in disease-free survival in PD-L1 all-comers
patients (hazard ratio 0.76; 95% CI 0.60-0.98) [29], with 3-year disease-free survival of 63.1%
versus 52.5% at a median follow-up of 30.3 months [29]. Benefit was driven primarily by
improved locoregional control. The effect was observed irrespective of PD-L1 expression,
although subgroup analyses suggested less benefit in laryngeal tumors and p16-positive
oropharyngeal cancer. Overall survival data remain immature, although results supported
the role of checkpoint inhibition in the perioperative management of LA-HNSCC.

The encouraging results of recent perioperative trials have supported the incorpo-
ration of pembrolizumab into current guideline-based perioperative management of LA-
HNSCC [30]. Pembrolizumab received FDA approval in June 2025 for resectable LA-
HNSCC with PD-L1 CPS > 1 and perioperative pembrolizumab is now incorporated into
guideline-based management for selected patients with resectable disease [30].

Clinical outcomes from perioperative trials demonstrated significant clinical benefits
that were not observed in trials of concurrent immunotherapy with definitive chemora-
diotherapy in unresected disease or in adjuvant maintenance strategies after definitive
treatment. KEYNOTE-689 and NIVOPOSTOP differ in design and pattern of benefit:
KEYNOTE-689 reduced distant metastases in a broader resectable population, whereas
NIVOPOSTOP improved locoregional control in a high-risk resected population.

The biologic basis for these differences remains incompletely defined. One potential
explanation is that perioperative approaches allow checkpoint blockade to be administered
prior to standard chemoradiotherapy, when immune function and the tumor microen-
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vironment remain relatively preserved [11]. These observations are consistent with the
framework shown in Figure 1, in which preserved tumor antigen exposure and host
immune competence may create more favorable conditions for immune priming and
therapeutic benefit. However, these mechanisms remain hypothesis-driven and require
further investigation.

Collectively, these studies shift the interpretation of immunotherapy development
in HNSCC. Instead of indicating that checkpoint inhibition is uniformly effective across
treatment settings, they suggest that therapeutic efficacy is strongly influenced by the
biologic context in which immune activation occurs. Perioperative checkpoint inhibition has
demonstrated meaningful clinical benefit in resectable locally advanced disease (Table 2).
Overall survival data from both KEYNOTE-689 and NIVOPOSTOP remain immature, and
longer follow-up is needed to define the full magnitude of benefit.

Table 2. Perioperative.

Total  Primary

Trial Setting ICI Strategy Neoadjuvant Adjuvant n Endpoint HR Result Key Findings
Addition of
neoadjuvant and
LA- Pembrolizumab adjuvant
Keynote 689 + surgery + RT Yes Yes 714 EFS 0.73* Positive pembrolizumab to
HNSCC ; .
=+ cisplatin the standard of care
significantly
improved EFS
Adjuvant nivolumab
Cortc RS votuma wdded o R e
2018-01 SN followed No Yes 680 DFS 0.76  Positive e tizﬁcauy
(NIVOPOSTOP) HNSCC by CRT significant

improvement in DFS

LA-HNSCC: locally advanced head and neck squamous cell carcinoma; RT: radiation therapy; EFS: event-free
survival; CRT: chemoradiotherapy; DFS: disease-free survival. * HR in total population.

5. Inmunotherapy in Recurrent/Metastatic Disease

The consistent efficacy observed in recurrent or metastatic disease provides an im-
portant point of comparison with the largely negative experience in unresected locally
advanced disease and supports evaluation of biologic factors that differ between these treat-
ment settings. Before the introduction of checkpoint blockade, systemic therapy options
consisted of platinum-based chemotherapy and cetuximab-containing regimens, most no-
tably the EXTREME regimen, which combined cetuximab with platinum and 5-fluorouracil.
Even with the EXTREME regimen, median overall survival rarely exceeded 10 months [31].
However, recent randomized trials evaluating the use of ICIs in R/M-HNSCC have demon-
strated meaningful improvements in survival outcomes (Table 3). Subsequently, the current
NCCN guidelines also recognize pembrolizumab-based therapy, either in combination
with platinum-based chemotherapy or as monotherapy in tumors with PD-L1 CPS > 1, as
the preferred first-line regimen for recurrent/metastatic non-nasopharyngeal cancers [30].

The KEYNOTE-048 trial was one of the largest phase III trials to establish the role
of ICIs as first-line therapy in the treatment of R/M-HNSCC. Patients with a history of
untreated locally incurable recurrent or metastatic HNSCC were stratified by PD-L1 expres-
sion, p16 status, and performance status and randomly allocated to pembrolizumab alone,
pembrolizumab plus a platinum and 5-fluorouracil (pembrolizumab with chemotherapy),
or cetuximab plus a platinum and 5-fluorouracil (cetuximab and chemotherapy) [14]. Re-
sults of this trial showed that pembrolizumab monotherapy improved overall survival
in the CPS > 20 population (HR 0-61; 95% CI 0.45-0.83), as well as in the CPS > 1 pop-
ulation (HR 0.78; 95% CI 0.64-0.96), and was non-inferior in the total population [14].
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While pembrolizumab with chemotherapy improved overall survival versus cetuximab
and chemotherapy in the total population (HR 0.77; 95% CI 0.63-0.93), as well as in the
CPS > 20 population (HR 0.60; 95% CI 0.45-0.82) and CPS > 1 population (HR 0.65;
95% CI 0.53-0.80) [14]. Median overall survival with pembrolizumab-chemotherapy was
14.7 months versus 11.0 months in CPS > 20 disease, 13.6 months versus 10.4 months
in CPS > 1 disease, and 13.0 months versus 10.7 months in the total population [15]. At
5 years, overall survival in the total population was 14.4% with pembrolizumab monother-
apy versus 6.5% with EXTREME, and 16.0% with pembrolizumab-chemotherapy versus
5.2% with EXTREME [15]. Furthermore, pembrolizumab monotherapy resulted in the least
grade 3 or worse all-cause adverse event [14].

Hence, the trial established that pembrolizumab plus platinum and 5-fluorouracil is
an appropriate first-line therapy for R/M-HNCC, while pembrolizumab monotherapy is
an appropriate first-line treatment for PD-L1-positive R/M-HNSCC, leading to a major
shift in systemic management of R/M-HNSCC [14,15].

On the other hand, the first phase III trial to demonstrate a survival advantage with
ICIs in the management of platinum-refractory R/M-HNSCC was CheckMate-141. In this
trial, a total of 361 patients with platinum-refractory R/M-HNSCC were randomized to
receive nivolumab or standard, single-agent systemic therapy with methotrexate, docetaxel,
or cetuximab [12]. Results demonstrated that median overall survival was significantly
longer in the nivolumab group compared to the single-agent systemic therapy group
(hazard ratio 0.70; 97.73% CI 0.51-0.96), and the estimates of the 1-year survival rate were
approximately 19 percentage points higher with nivolumab than with standard therapy
(36.0% vs. 16.6%). Furthermore, the response rate was found to be higher with nivolumab,
while the treatment-related adverse events were found to be lower in this group. The
1-year update and subgroup analysis of nivolumab as first-line therapy in patients with
R/M HNSCC also showed consistently improved overall survival and objective response
rate [13]. Hence, establishing the role of ICIs as an effective treatment option for patients
with platinum-refractory disease.

Additional studies have also reinforced ICI use in this setting. The KEYNOTE-040
trial also demonstrated improved overall survival with pembrolizumab compared to the
investigator’s choice of standard doses of methotrexate, docetaxel, or cetuximab in patients
with platinum-refractory R/M-HNSCC, further confirming the role of ICIs in the treatment
of platinum-resistant disease [32]. Pembrolizumab prolonged median overall survival from
6.9 to 8.4 months (hazard ratio 0.80; 95% CI 0.65-0.98) [32]. Benefit was greater in PD-L1-
positive disease. CheckMate-141, KEYNOTE-048, and KEYNOTE-040 established PD-1
blockade as the therapeutic backbone of recurrent or metastatic HNSCC. The consistency of
benefit observed across these studies contrasts sharply with concurrent chemoradiotherapy
trials in locally advanced disease and further supports the hypothesis that treatment context
influences checkpoint inhibitor efficacy.

Earlier phase studies, including KEYNOTE-012 and KEYNOTE-055, demonstrated
that pembrolizumab could induce durable responses with manageable toxicity in pretreated
R/M HNSCC, providing the initial signal that checkpoint inhibition could yield clinically
meaningful activity in this disease [33,34]. More exploratory efforts, including KEYNOTE-
669, evaluated the efficacy and safety of pembrolizumab, plus epacadostat, pembrolizumab
monotherapy, and the EXTREME regimen, and showed that Pembrolizumab-based regi-
mens provided a similar response rate to EXTREME and demonstrated a manageable safety
profile in patients with R/M HNSCC [35]. Although these studies were generally limited
by smaller sample sizes, early discontinuation, or the absence of mature survival data, they
supported the need for continued research for the use of ICI in R/M-HNSCC.
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However, despite the groundbreaking success of PD-1 inhibition in improving survival
outcomes in the treatment of previously untreated as well as platinum-refractory R/M-
HNSCC, attempts to improve outcomes through dual checkpoint blockade of PD-L1-
directed strategies have produced mixed results.

The CheckMate 651 trial evaluated nivolumab plus ipilimumab versus the EXTREME
regimen as first-line therapy for R/M-HNSCC. Yet, the trial failed to demonstrate a sta-
tistically significant difference in the primary outcome of overall survival in all randomly
assigned and programmed death-ligand 1 combined positive score (CPS) > 20 popula-
tions [36]. On the other hand, the study did show improvement in median overall survival
in patients with CPS > 1 (HR, 0.82; 95% CI 0.69 to 0.97), and also showed a favorable safety
profile compared with EXTREME in all patients [36]. Similarly, the CheckMate 714 trial
also failed to show improvement in its primary endpoints of objective response rate (ORR)
and duration of response with nivolumab plus ipilimumab compared to nivolumab alone
in patients with platinum-refractory R/M-HNSCC [37].

On the other hand, trials have also studied the use of durvalumab, either as monother-
apy or in combination with tremelimumab, and have demonstrated limited results. In
the phase II Condor trial, patients with platinum-refractory, PD-L1-low /negative, R/M-
HNSCC were randomized to receive durvalumab monotherapy, tremelimumab monother-
apy, or a combined durvalumab and tremelimumab regimen. All three regimens showed
manageable toxicity; however, durvalumab-containing arms demonstrated only modest
clinical benefit, with minimal difference between durvalumab alone and the combina-
tion [38]. Similarly, the phase III EAGLE trial, which studied the use of durvalumab
monotherapy versus durvalumab plus tremelimumab versus standard of care, showed
no statistically significant differences in overall survival [39]. Treatment-related adverse
reactions were lower in the ICI groups compared to standard of care [39]. Furthermore,
higher survival rates at 12 to 24 months, and response rates demonstrated clinical activity
for durvalumab [39]. The Kestrel trial evaluated the efficacy of durvalumab with or without
tremelimumab versus the EXTREME regimen in patients with R/M HNSCC, and showed
that durvalumab with or without tremelimumab was not superior to the EXTREME regi-
men for overall survival, despite durable responses and fewer treatment-related adverse
events in the immunotherapy groups [40]. Finally, the single-arm HAWK study showed
modest antitumor activity with acceptable safety in PD-L1-high patients with platinum-
refractory HNSCC [41]. Collectively, these studies suggest that although durvalumab-based
regimens may offer improved tolerability and occasional durable responses, they have not
consistently translated into superior survival outcomes in R/M HNSCC.

More recently, combination strategies with ICIs combined with cetuximab have
demonstrated promising results. In the phase II trial by Sacco et al., patients with
platinum-resistant or platinum-ineligible R/M-HNSCC were treated with a combination of
pembrolizumab and cetuximab, and the regimen showed promising clinical activity for
R/MHNSCC [42]. Similarly, the phase I and II study by Chung et al., showed that the
combination of cetuximab and nivolumab was well tolerated, and patients with no prior ICI
use showed a trend toward more favorable progression-free survival [43]. These findings
suggest that modulation of the tumor microenvironment through EGFR inhibition may
enhance immune activation and improve responsiveness to checkpoint blockade. However,
cetuximab and ICIs might not have significant synergy compared ICI monotherapy. Hence,
further randomized studies are required to determine whether such combinations translate
into meaningful survival improvements.

Despite the establishment of the PD-1 blockade as the backbone of systemic therapy for
R/M-HNSCC, treatment selection and sequencing remain individualized and influenced
by multiple clinical and biologic factors. Recent consensus analyses emphasize that PD-L1
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combined positive score (CPS), tumor burden, disease tempo, symptom burden, prior treat-
ment exposure, performance status, comorbidities, and patient preference are important
considerations when selecting between pembrolizumab monotherapy, pembrolizumab-
based chemotherapy, and subsequent treatment options after progression [44]. In particular,
patients with high PD-L1 expression, lower disease burden, and less aggressive disease
biology may derive durable benefit from pembrolizumab monotherapy, whereas patients
with rapidly progressive, symptomatic, or high-volume disease may require the higher
response rates associated with chemoimmunotherapy combinations [44]. Furthermore,
the increasing use of immunotherapy in earlier lines of treatment has highlighted the
importance of understanding post-ICI treatment strategies, including the potential role
of chemotherapy, EGFR-directed therapy, and clinical trial enrollment after checkpoint
inhibitor failure [44]. These considerations underscore that, while PD-L1 CPS remains the
most clinically validated biomarker for treatment selection, optimal sequencing strategies
and additional predictive biomarkers remain areas of ongoing investigation.

In summary, several randomized trials have demonstrated clinically and statistically
significant survival benefits with the use of immune checkpoint inhibition, particularly PD-
1 blockade as a central component for systemic therapy in R/M-HNSCC, and, subsequently,
have been incorporated as first-line therapy into current NCCN guidelines [30]. PD-
L1 combined positive score was noted to be a clinically relevant predictive biomarker
for pembrolizumab monotherapy, with greater benefit observed at higher expression
levels. However, treatment selection increasingly incorporates additional clinical factors,
including disease burden, tumor kinetics, performance status, prior therapies, and patient
goals, reflecting the complexity of treatment sequencing in the immunotherapy era [44]. By
contrast, outcomes with PD-L1-directed strategies and dual checkpoint inhibition have been
less consistent, and cetuximab-based immunotherapy combinations remain investigational.
While the current literature establishes PD-1 inhibitors as the standard of care in R/M-
HNSCC, future research should focus on integrating molecular, immune, and clinical
biomarkers to refine patient selection and optimize sequencing strategies.

Table 3. Checkpoint inhibition strategies in recurrent/metastatic-head and neck squamous cell
carcinoma (R/M-HNSCC).

. Line of Comparison Total  Primary Effect Size o
Trial Therapy Group n Endpoint (HR/OR) Result Key Findings
Iljeﬁbro alone Pembrolizumab plus
Pembrolizumab (CPS > 20): CT improves OS in the
only Cetuximab ol 061 ’ total population
KEYNOTE Pembrolizumab etwamab p us oS ' " Pembrolizumab
1L . platinum and 882 Pembro alone  Positive
048 plus platinum : PFS monotherapy
5-fluorouracil (CPS > 1): . .
and 0.78 improves OS in
5-fluorouracil P.embro + PD-L1-positive
CT: 077 R/M HNSCC
Pembrolizumab
longed overall
Methotrexate, prolong
KEYNOTE 2L Pembrolizumab  docetaxel, or 495 oS HR: 0.80 Positive survn}zal .
040 cetuximab Benefit was greater in
PD-L1-positive
disease
Single-agent . .
- Nivolumab resulted in
CheckMat :}}:stenuc longer OS in patients
ccate o Nivolumab erepy 361 0s HR: 0.70 Positive  with
141 (methotrexate, .
docetaxel. or platinum-refractory
Y R/M-HNSCC
cetuximab)
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Table 3. Cont.

Trial

Line of
Therapy

ICI

Comparison Total
Group n

Primary
Endpoint

Effect Size
(HR/OR)

Result

Key Findings

CheckMate
714

Nivolumab +
Ipilimab

Nivolumab

425
alone

ORR

Platinum-
refractory
group OR 0.68

Negative

No ORR benefit
observed with
first-line nivolumab
plus ipilimumab vs.
nivolumab alone in
platinum-refractory
R/M HNSCC

CheckMate
651

Nivolumab +
Ipilimab

EXTREME

regimen ** 947

os*

HR: 0.95
HR
(CPS > 20):
0.78

Negative

Did not meet its
primary endpoints
Showed improvement
in median OS in
patients with CPS > 1
Also showed a
favorable safety
profile compared with
EXTREME in all
patients

CONDOR

>2L (PD-L1-
low/neg)

Durvalumab +
Tremelimumab

Durvalumab
only
Tremelimumab
only

267

ORR

Equivocal

All arms showed
acceptable toxicity in
pretreated,
PD-L1-low/negative,
R/M HNSCC
Durvalumab-
containing arms
demonstrated only
modest clinical benefit

HAWK

>2L (PD-L1-
high)

Durvalumab

Single-arm 111

ORR

Positive

Durvalumab
demonstrated
antitumour activity
with acceptable safety
in PD-L1-high patients
with
platinum-refractory
R/M HNSCC

KESTREL

1L

Durvalumab =+
Tremelimumab

EXTREME

regimen ** 823

(O3]

HR~1.00

Negative

Durvalumab was not
superior to the
EXTREME regimen
for OS In high PD-L1
expression ICIs
demonstrated durable
responses and
reduced TRAEs
versus the EXTREME
regimen

EAGLE

>2L

Durvalumab =+
Tremelimumab

SoC regimen *** 736

0os

Dara only HR
0.88
D+ THR1.04

Negative

No statistically
significant differences
in OS

Higher survival rates
at 12 to 24 months and
response rates noted
with Durvalumab

Pembro
Cetuximab
A cetal
Lancet
Oncology
2021 [42]

2L

Pembrolizumab
+ Cetuximab

N/A 33

ORR

Positive

Pembrolizumab
combined with
cetuximab shows
promising clinical
activity for recurrent
or metastatic HNSCC

OS: overall survival; PFS: progression-free survival; CPS: combined positive score; CT: chemotherapy; ORR:
objective response rate; ICIs: immune checkpoint inhibitors; TRAEs: treatment-related adverse effects; * OS in all
randomly assigned or CPS >20 populations ** EXTREME regimen: cetuximab with a platinum (carboplatin or
cisplatin) and 5-fluorouracil. *** SoC: cetuximab, a taxane, methotrexate, or a fluoropyrimidine.
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6. Discussion and Future Directions

Clinical evidence regarding the utility of ICIs in HNSCC has shown variable results
across disease settings. In R/M-HNSCC, PD-1 blockade has demonstrated consistent
and reproducible survival benefits [12-15,32,42,43] and is now embedded in guideline-
based management of recurrent or metastatic disease [30], reflecting that HNSCC is not
intrinsically resistant to immunotherapy. In contrast, randomized trials in LA-HNSCC
where ICIs were incorporated concurrently with chemoradiotherapy or in the adjuvant
setting have yielded less-promising results [16-24,27]. However, more recently, the use
of perioperative pembrolizumab and nivolumab has shown clinically and statistically
significant survival benefits in patients with resectable locally advanced disease [28,29].

Emerging evidence from phase III trials suggests that treatment sequencing may influ-
ence immunotherapy efficacy in HNSCC, although the mechanisms underlying differential
outcomes across disease settings remain incompletely defined. Biologically, the intrinsic
characteristics of the tumor itself, such as antigen presentation, mutational landscape, inter-
feron signaling pathways, and immune-evasive oncogenic signaling pathways, influence
the priming, activation, and recruitment of T-cells to the tumor microenvironment, all of
which are critical in determining response to immune checkpoint blockade [45,46]. Immune
checkpoint inhibitors function primarily by the activation of pre-existing tumor-reactive
T-cells [46], rather than directly generating new immune responses. As a result, their
efficacy is likely to be highly dependent on the presence of adequate antigen presenta-
tion and the presence of functional cytotoxic lymphocytes, particularly CD8* cytotoxic T
lymphocytes, at the time of treatment initiation [46]. This proposed relationship between
disease setting, tumor antigen availability, host immune competence, and treatment timing
is also summarized in Figure 1.

With concurrent and/or adjuvant ICI use in LA-HNSCC, high-dose radiation and
cytotoxic chemotherapy can alter the tumor microenvironment, leading to decreased tumor
neoantigen presentation, and can induce profound lymphopenia and systemic immune
suppression, potentially limiting the effective immune priming and, subsequently, the
ability of ICIs to generate durable antitumor immune response, primarily through CD8+
T-cell activation. In contrast, with recurrent/metastatic and perioperative strategies, where
the tumor microenvironment is generally preserved, the intact tumor may facilitate effective
immune priming during the initial phase of immune activation, potentially facilitating
activation of T-cells. Thus, clinical trial design may benefit from incorporating timing of
immune activation relative to tumor antigen exposure as a variable, though this concept
requires prospective validation.

Combination strategies may benefit from focusing on biologically complementary
mechanisms rather than empiric treatment intensification. Approaches under investiga-
tion include combinations of checkpoint inhibitors with chemotherapy in the neoadjuvant
setting, stereotactic body radiation therapy, and agents targeting the tumor microenviron-
ment to enhance antigen presentation, reverse immune suppression, and improve T-cell
trafficking. Dual checkpoint blockade has demonstrated inconsistent results in HNSCC,
and the optimal combination strategies remain to be defined. Additional investigational
approaches include novel immune targets such as LAG-3, TIM-3, and TIGIT inhibitors, bis-
pecific antibodies, EGFR-targeted immune cell engagers, chimeric antigen receptor (CAR)
T-cell therapies, oncolytic virotherapy, and cancer vaccines.

Future biomarker development will likely require the integration of genomic, spatial,
and circulating immune biomarkers rather than reliance on a single predictive marker,
allowing patient selection to better reflect the dynamic interaction between tumor biol-
ogy and host immunity [47]. PD-L1 CPS is the only clinically validated biomarker for
immunotherapy selection in HNSCC, although its predictive value is modest and does not
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fully capture tumor immunogenicity. Additional biomarkers under investigation include
tumor mutational burden, which is FDA-approved for TMB-high solid tumors, T-cell-
inflamed gene expression profiles, interferon signaling pathways, antigen presentation
machinery, and immune cell infiltration. Recent multi-omics studies have further expanded
the spectrum of candidate predictive biomarkers by integrating genomic, transcriptomic,
epigenomic, proteomic, metabolomic, and single-cell sequencing data to better characterize
tumor-immune interactions and mechanisms of immune resistance [47]. Such approaches
have identified immune-related gene expression signatures, spatial immune cell organiza-
tion, cytokine and chemokine networks, metabolic reprogramming, and tumor-associated
microbiome profiles as additional biomarkers that may improve prediction of response to
immune checkpoint inhibition beyond PD-L1 expression alone [47]. Furthermore, human
papillomavirus (HPV) and p16 status are also known to be important prognostic factors
and are associated with improved outcomes with immunotherapy, although they do not
currently guide treatment selection.

Future progress in HNSCC immunotherapy may depend on the alignment of treatment
timing, tumor biology, and host immune competence. The variability in outcomes across
disease settings suggests that treatment sequencing and patient selection are important
determinants of therapeutic efficacy, although the underlying mechanisms require further
investigation. In recurrent/metastatic disease, optimization of sequencing strategies follow-
ing checkpoint inhibitor exposure remains an important clinical challenge, particularly as
increasing numbers of patients receive immunotherapy earlier in the treatment course [44].
In the future, adaptive trial designs and biomarker-enriched cohorts are required to iden-
tify subgroups most likely to benefit from immunotherapy. Relevant approaches include
umbrella trials, platform trials, biomarker-stratified studies, and window-of-opportunity
designs using pathologic response as a surrogate endpoint. Circulating biomarkers, includ-
ing circulating tumor DNA and peripheral immune signatures, may further refine patient
selection and enable real-time monitoring of treatment response. Integration of multi-omics
platforms with circulating biomarkers and spatial profiling may further improve precision
immunotherapy in HNSCC by enabling dynamic characterization of both tumor biology
and the immune microenvironment throughout treatment [47]. As reviewed, the broad
application of checkpoint inhibitors in unselected populations has demonstrated limited
efficacy in unresectable locally advanced disease, supporting the need for precision-based
strategies in the future.

7. Conclusions

Immune checkpoint inhibition has transformed the management of HNSCC, although
its clinical benefit varies substantially across disease settings. Randomized evidence con-
sistently supports PD-1 blockade in recurrent or metastatic disease and now supports
perioperative immunotherapy in selected patients with resectable locally advanced HN-
SCC. In contrast, concurrent or maintenance checkpoint inhibition during the definitive
treatment of unresected locally advanced disease has repeatedly failed to improve survival
despite evaluation across multiple randomized clinical trials.

Rather than representing isolated successes and failures, these findings support a
unifying biologic framework in which therapeutic efficacy is influenced by disease setting,
treatment timing, tumor antigen availability, and preservation of host immune compe-
tence. The collective evidence suggests that checkpoint inhibitors achieve their greatest
benefit when administered in biologic environments favorable for effective immune prim-
ing, whereas efficacy appears diminished during periods of treatment-induced immune
disruption. Although these mechanisms remain hypothesis-generating, they provide a bio-
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logically plausible explanation for the divergent outcomes observed across contemporary
clinical trials.

Future progress in HNSCC immunotherapy will likely depend less on intensifying
therapy than on optimizing patient selection, treatment sequencing, and biologically in-
formed trial design. The prospective validation of predictive biomarkers and an improved
understanding of tumor-immune interactions will be essential for advancing precision
immunotherapy in HNSCC.
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Abbreviations

HNC Head and neck cancer

HNSCC Head and neck squamous cell carcinoma
HPV Human papillomavirus

LA-HNSCC Locally advanced head and neck squamous cell carcinoma
CRT Chemoradiotherapy

ICIs Immune checkpoint inhibitors

PD-1 Programmed death-1

PD-L1 Programmed death ligand-1
R/M-HNSCC  Recurrent or metastatic head and neck squamous cell carcinoma
CPS Combined positive score

EGFR Epidermal growth factor receptor

EFS Event-free survival

PFS Progression-free survival

LRC Locoregional control

RT Radiation therapy

IMRT Intensity-modulated radiation therapy
SOC Standard of care

DFS Disease-free survival

CT Chemotherapy

ORR Objective response rate

TRAEs Treatment-related adverse effects

DOR Duration of response
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