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Background: The health-related quality of life (HRQol) of patients with locally
advanced head and neck squamous cell carcinoma (LA HNSCC) is impacted by
both disease- and treatment-related factors. Treatments that preserve and
maximize HRQoL in this setting represent a substantial unmet need.

Methods: KEYNOTE-412 (NCT03040999) was a randomized, double-blind,
placebo-controlled phase 3 study of pembrolizumab plus chemoradiotherapy
(CRT) versus placebo plus CRT for maintenance therapy in participants with
treatment-naive LA HNSCC. Patient-reported outcomes (PROs) assessed using
the European Organisation for Research and Treatment of Cancer Quiality of Life
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Questionnaire Core 30 (EORTC QLQ-C30) and EORTC QLQ Head and Neck 35
(H&N35) were pre-specified secondary endpoints and administered at baseline
and throughout the study. Least squares mean (LSM) change from baseline was
assessed using a constrained longitudinal data analysis model. No formal
statistical significance testing was performed.

Results: The PRO analysis population included 395 participants randomized to
receive pembrolizumab plus CRT and 397 to receive placebo plus CRT.
Completion rates for all assessed PROs were >95% at baseline and >66% at
week 45. LSM change from baseline to week 45 was similar between groups
across EORTC QLQ-C30 and QLQ-H&N35 subscale scores. There were no
notable differences in empirical mean change or the proportion of participants
with improvement, stability, or deterioration from baseline to week 45 between
treatment groups.

Conclusion: The addition of pembrolizumab to CRT did not meaningfully impact
HRQolL in participants with LA HNSCC.

head and neck cancer, health-related quality of life, immunotherapy, patient reported

outcomes, pembrolizumab, chemoradiotherapy

Introduction

Head and neck squamous cell carcinomas (HNSCCs) often arise
in the oral cavity, pharynx, and larynx (1). HNSCCs can cause
significant morbidity because these sites are central to basic
physiological (breathing and swallowing), sensory (taste and smell),
and personal characteristics (appearance and speech) (2). Treatments
with curative intent for locally advanced (LA) HNSCCs, including
surgery and concurrent chemoradiotherapy (CRT), have improved
disease control, but also risk further impairing functional and cosmetic
outcomes and profoundly impact patient quality of life (QoL) (2-6).

Health-related QoL (HRQoL) has emerged as a critical end point
in clinical studies of patients with head and neck cancers (6, 7),
offering insights into the impact of cancer and its treatment from the
patient’s perspective. By directly assessing the patient’s perspective of
treatment, patient-reported outcomes (PROs) can provide a more
complete picture of treatment outcomes in clinical studies (8, 9).
Difficulty with swallowing, difficulty with speech, and pain have been
identified as the most clinically meaningful symptoms for patients
with HNSCC (10), highlighting the unmet need for treatment options
that preserve and maximize function and HRQoL.

In the phase 3 KEYNOTE-412 study of participants with LA
HNSCC, pembrolizumab plus CRT followed by pembrolizumab
maintenance therapy did not significantly improve event-free
survival (EFS) compared with placebo plus CRT (hazard ratio
[95% confidence interval]: 0.83 [0.68-1.03]; P = 0.0429), and no
new safety signals were observed (11). This paper reports the pre-
specified secondary and exploratory PRO end points of KEYNOTE-
412 and evaluates the impact of adding pembrolizumab to CRT as
maintenance therapy on HRQoL.
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Methods

KEYNOTE-412 (NCT03040999) was a double-blind,
multicenter, randomized, placebo-controlled phase 3 study
designed to evaluate the efficacy and safety of pembrolizumab
plus CRT compared with placebo plus CRT as maintenance
therapy in participants with treatment-naive LA HNSCC.

The study was conducted in accordance with the principles of
Good Clinical Practice and was approved by the appropriate
institutional review boards and regulatory agencies. All
participants provided written informed consent.

Study population

Participants were eligible for enrollment if they were at least 18 years
old and had a pathologically proven new diagnosis of LA HNSCC (either
T3-T4 [NO-N3] MO or any N2-3 [T1-T4] MO larynx/hypopharynx/oral
cavity/p16-negative oropharynx cancers, or either T4 [N0-N3] MO or N3
[T1-T4] MO pl6-positive oropharynx cancer). Other key eligibility
criteria included no prior treatment for the HNSCC under
investigation, an Eastern Cooperative Oncology Group performance
status (ECOG PS) score of 0-1, a tumor burden that was evaluable by
Response Evaluation Criteria in Solid Tumors (RECIST) v1.1, and being
a candidate for definitive high-dose cisplatin-based CRT.

Study design

Eligible participants were randomly assigned 1:1 to receive
intravenous pembrolizumab 200 mg or placebo every 3 weeks
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plus CRT for either 17 cycles of pembrolizumab/placebo or until
disease progression, intolerable toxicity, or physician or participant
decision to withdraw from the study. CRT included intravenous
cisplatin 100 mg/m* every 3 weeks plus accelerated fractionation
radiotherapy (70 Gy, 6 fractions/week for 6 weeks [5 fractions in the
final week]; 35 fractions in total) or standard fractionation
radiotherapy (70 Gy, 5 fractions/week for 7 weeks; 35 fractions in
total). Pembrolizumab and placebo were first administered as a
priming dose 1 week prior to CRT, followed by 2 doses during CRT,
and 14 doses as maintenance therapy after CRT.

Randomization was stratified by radiotherapy regimen
(accelerated vs standard fractionation), pl6 status (pl6-positive
oropharyngeal tumors vs pl6-negative oropharyngeal or laryngeal/
hypopharyngeal/oral cavity tumors), and tumor stage (III vs IV).

Study outcomes

The primary study end point was event-free survival (defined as
the time from randomization to radiographically or pathologically
confirmed progressive disease, surgery, or death due to any cause,
whichever occurred first), which has been reported elsewhere (11).

Pre-specified secondary end points included change from
baseline in European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30)
global health status/quality of life (GHS/QoL) score, EORTC QLQ-
C30 physical functioning score, EORTC QLQ-Head and Neck 35
(H&N35) swallowing symptom score, EORTC QLQ-H&N35
speech symptom score, and EORTC QLQ-H&N35 pain symptom
score. HRQoL utilities were also assessed as an exploratory end
point using the EuroQoL five dimensions visual analog scale (EQ-
5D VAS).

Study assessments and procedures

EORTC questionnaires are widely used to assess the QoL of
patients with cancer. The QLQ-C30 contains 5 functional scales
(physical, role, cognitive, emotional, and social), 3 symptom scales
(fatigue, nausea and vomiting, and pain), 6 single-symptom items
(dyspnea, sleep disturbance, appetite loss, constipation, diarrhea, and
financial impact), and a GHS/QoL dimension (12). The QLQ-H&N35
contains 7 multi-item scales (pain in the mouth, problems with
swallowing, senses, speech, social eating, social contact, and sexuality)
and 11 single-item scales (problems with teeth, mouth opening, dry
mouth, sticky saliva, coughing, feeling ill, use of analgesics, use of
nutritional supplements, use of feeding tube, weight gain, and weight
loss) (13). The EORTC QLQ-C30 and QLQ-H&NS35 are scored from
0-100, with higher scores for functioning scales and GHS indicating
better functioning and higher scores for symptom and single-item
scales indicating worsening symptoms. These instruments have been
psychometrically and clinically validated in patients with head and
neck cancers, and a >10-point difference on the QLQ-C30 and QLQ-
H&N35 scales (either from baseline or between treatment groups) is
considered clinically relevant (14, 15).
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The EQ-5D is a standardized instrument that has been used
extensively in oncology studies to measure health outcomes. The
health state dimensions in the EQ-5D include mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression, as well as
a visual analog scale graded from 0-100 for general state of health at
the time of the assessment (with higher scores indicating
higher HRQoL).

PRO questionnaires were administered electronically at the
study site at baseline, week 6, and week 9, then every 12 weeks
during the maintenance phase. PROs were also completed at
treatment discontinuation and 30 days after the last dose of
treatment at the safety follow-up visit, then every 3 months
during year 2 and once a year until year 5. PRO questionnaires
were completed prior to other study procedures, including the
administration of study treatment; the EQ-5D was administered
first, followed by the EORTC QLQ-C30, then the EORTC
QLQ-H&N35.

Statistical analysis

PRO analyses were assessed in all randomly assigned
participants who completed at least one PRO and received at least
one dose of study treatment. PRO analyses were conducted at
prespecified questionnaire completion rates of at least 60% and
compliance rates of at least 80%. Completion was defined as the
proportion of participants who completed at least one questionnaire
at each time point among those in the PRO analysis population.
Compliance was defined as the proportion of participants who
completed at least one questionnaire at each time point among
those who were expected to complete the instruments at that time
point, excluding those missing by design (such as death,
discontinuation, and translations not available).

A constrained longitudinal data analysis model with PRO scores
as the response variable and treatment-by-time interaction and
stratification factors as covariates was used to estimate the LSM
change from baseline and between-group difference in EORTC
QLQ-C30 and QLQ-H&N35 PROs. EORTC QLQ-C30 and QLQ-
H&N35 PROs were also assessed by rates of overall improvement
(=10-point increase [in the positive direction] from baseline at any
time, confirmed by a >10-point increase from baseline at the next
consecutive visit), stability (when criteria for improvement are not
met, a change in score of <10 points from baseline at any time that is
confirmed at the next consecutive visit), and deterioration (=10-
point decrease from baseline at any time when none of the criteria
for improvement or stability are met).

Results

Overall, 804 participants were randomly assigned to receive
pembrolizumab plus CRT (n=402) or placebo plus CRT (n=402).
Baseline characteristics were well balanced between treatment
groups (Supplementary Table S1). The most common tumor site
for both groups was oropharynx (n=200, pembrolizumab plus CRT;
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n=204, placebo plus CRT) followed by larynx (n=92,
pembrolizumab plus CRT; n=86, placebo plus CRT),
hypopharynx (n=71, pembrolizumab plus CRT; n=73, placebo
plus CRT), and oral cavity (n=39, pembrolizumab plus CRT;
n=39, placebo plus CRT). At baseline, most participants were
stage T3-T4b (n=335, pembrolizumab plus CRT; n=347, placebo
plus CRT) and overall stage IVa-IVb (n=262, pembrolizumab plus
CRT; n=265, placebo plus CRT) (Supplementary Table S1). Most
participants in both groups had a PD-L1 combined positive score of
at least 1 (CPS =1; n=339, pembrolizumab plus CRT; n=346,
placebo plus CRT). The median time from randomization to the
database cutoff date (31 May 2022) was 47.7 months (IQR, 42.1-
52.3). The PRO population included 792 participants (n=395 in the
pembrolizumab plus CRT group and n=397 in the placebo plus
CRT group).

Completion and compliance rates were >95% at baseline for all
PRO questionnaires across treatment groups (Supplementary Table
S2). At week 45, completion rates for the EORTC QLQ-C30 were
67.8% in the pembrolizumab plus CRT group and 67.0% in the
placebo plus CRT group, and compliance rates were 97.1% and
97.4%, respectively. For the EORTC QLQ-H&N35, completion
rates were 67.8% in the pembrolizumab plus CRT group and
66.9% in the placebo plus CRT group, and compliance rates were
97.1% and 97.4%, respectively. For the EQ-5D, completion rates
were 67.8% in the pembrolizumab plus CRT group and 67.0% in the
placebo plus CRT group, and compliance rates were 90.5% and
93.3%, respectively.

10.3389/fonc.2025.1645509

Baseline scores for all PRO instruments were similar between
treatment groups (Table 1). Baseline scores for EORTC QLQ-C30
and EORTC QLQ-H&N35 were similar between groups based on
tumor location (Supplementary Table S3) and by T-stage and
overall tumor staging (Supplementary Table S4). Treatment with
pembrolizumab plus CRT resulted in LSM changes from baseline to
week 45 ranging from -10.6 to +2.0 across EORTC QLQ-C30 and
QLQ-H&N35 subscale scores (Table 1). An improvement from
baseline in GHS/QoL scores was observed in the placebo plus CRT
group compared with the pembrolizumab plus CRT group. Patient-
reported outcomes remained generally stable over time in both
treatment groups for measures of physical functioning or for
disease-related symptom scores; however, an improvement from
baseline in the EORTC QLQ-H&N35 pain symptom score was
observed in both treatment groups (-10.6 [95% CI: -12.9 to -8.3] for
participants treated with pembrolizumab plus CRT and -12.1 [95%
CL: -14.4 to -9.8] for participants treated with placebo plus CRT).
Results were generally similar to the total PRO population when
analyzed by primary tumor site (Figures 1A-E) and by PD-L1 CPS
>1 (Figures 2A, B), except for a decline in swallowing in participants
in the pembrolizumab plus CRT group with hypopharynx as the
primary tumor site. Results were also similar when analyzed by T-
stage and by overall tumor staging, except for a decline in
swallowing for T1-T2 stage and stage II-III in both treatment
groups and a decline in speech for T1-T2 stage in both treatment
groups (Figures 3A-E). There were no meaningful differences
within or between treatment groups in EQ-5D VAS score.

TABLE 1 Mean change from baseline to week 45 in EORTC QLQ-C30, EORTC QLQ-H&N35, and EQ-5D subscale scores.

Baseline Week 45 Change from baseline to week 45
Assessment Mean Mean NP LSM (95% CI) Difference in
(SD) (SD) ° LSM (95% ClI)
Pembrolizumab + CRT = 378  69.6 (20.7) = 268  73.0 (18.1) 395 2.0 (0.1 to 4.0) 1
C30 GHS/QoL 67 ' s
Placebo + CRT 382 67.8(204) 266 763 (16.8) 397 6.1 (4.0 to 8.1) (-67 to -1.5)
Pembrolizumab + CRT 378 88.8 (15.8) 268 84.8 (17.0) 395 -5.5 (-7.3 to -3.7) 21
C30 PF 45 ) 04
Placebo + CRT 382 | 882(160) 266 | 868 (15.1) 397 35 (-5.3 to -1.7) (4510 04)
Pembrolizumab + CRT = 378 258 (243) 268  15.0 (18.1) 395 -10.6 (-12.9 to -8.3) a4
EORTC QLQ = H&N35 pain 3042
Placebo + CRT 378 | 276 (256) 265  13.0 (16.1) 396 -12.1 (-14.4 to -9.8) (13 1042)
HaN3S Pembrolizumab + CRT = 378 225 (24.8) 268 183 (22.3) 395 3.9 (-6.6 to -1.2) 03
swallowing Placebo + CRT 378 | 251 (263) 265  17.7 (22.1) 396 3.6 (-6.3 t0 -0.9) (-38t03.1)
Pembrolizumab + CRT 378 23.7 (27.2) 268 17.3 (21.6) 395 -6.2 (-8.9 to -3.6) 13
H&N35 speech 46 ) 1
Placebo + CRT 378 | 262(27.7) 265 17.5(22.2) 396 5.0 (-7.6 to -2.3) (-46t02.1)
Pembrolizumab + CRT = 384 756 (18.6) 268  78.8 (16.1) 395 3.5 (1.6 to 5.3) 14
EQ-5D VAS 37 ) 0.9
Placebo + CRT 386 721(212) 266 79.9 (15.3) 397 4.9 (3.1 to 6.8) (37 10 0.9)

“n is the number of patients in each treatment group with non-missing assessments at the specific time point. °N is the number of participants in the PRO analysis population in each treatment

group.

C30, Core 30; CI, confidence interval; CRT, chemoradiotherapy; EORTC QLQ, European Organisation for Research and Treatment of Cancer Quality of Life questionnaire; EQ-5D, EuroQol-5
Dimensions; GHS/QoL, Global Health Score/quality of life; H&N35, Head and Neck 35; LSM, least squares mean; PF, physical functioning; PRO, patient-reported outcome; SD, standard

deviation; VAS, visual analog scale.
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Difference in least squares mean from baseline to week 45 by primary tumor site location in (A) EORTC QLQ-C30 GHS/QolL, (B) EORTC QLQ-C30
PF, (C) EORTC QLQ-H&N35 pain, (D) EORTC QLQ-H&N35 swallowing, and (E) EORTC QLQ-H&N35 speech scores. C30, Core 30; Cl, confidence
interval; CRT, chemoradiotherapy; EORTC QLQ, European Organisation for Research and Treatment of Cancer Quality of Life questionnaire; GHS/
Qol, Global Health Score/quality of life; HGN35, Head and Neck 35; PF, physical functioning, PRO FAS, patient-reported outcomes full analysis set.

Empirical mean change from baseline to week 45 for EORTC
QLQ-C30 GHS/QoL was generally stable, with a decline at the start
of treatment and recovery to baseline by week 45 (Figure 4A). This
pattern was evident for all assessed PRO scores (Figures 4A-E).
There were no notable differences in empirical mean change from

Frontiers in Oncology

baseline to week 45 between treatment groups (Figures 4A-E). The
proportion of participants with improvement, stability, or
deterioration from baseline to week 45 was comparable between
treatment groups for both EORTC QLQ-C30 (Figure 5A) and
EORTC QLQ-H&N35 scores (Figure 5B).
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Difference in least squares mean from baseline to week 45 by PD-L1 CPS >1 in (A) EORTC QLQ-C30 GHS/Qol and PF and (B) EORTC QLQ-H&N35
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Head and Neck 35; LSM, least squares mean; PD-L1, programmed cell death ligand 1; PF, physical functioning, PRO FAS, patient-reported outcomes

full analysis set.

Discussion

In the KEYNOTE-412 study, participants with LA HNSCC
treated with pembrolizumab plus CRT reported generally similar
HRQoL outcomes as participants treated with placebo plus CRT.
Results were generally similar by tumor site location, PD-L1 CPS 21,
and cancer stage, and no major differences were observed in these
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subgroups. Declines were observed in both treatment groups for
participants with T1-T2 stage (speech and swallowing) and stage II-
III (swallowing) disease. There was also a decline in swallowing in the
pembrolizumab plus CRT group with hypopharynx as the primary
tumor site. Notably, an improvement in the EORTC QLQ-H&N35
pain symptom score was observed in both pembrolizumab plus CRT
and placebo plus CRT groups. To the best of our knowledge, this is
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Difference in least squares mean from baseline to week 45 by cancer stage in (A) EORTC QLQ-C30 GHS/QolL (B) EORTC QLQ-C30 PF (C) EORTC
QLQ-H&N35 pain (D) EORTC QLQ-H&N35 swallowing and (E) EORTC QLQ-H&N35 speech. C30, Core 30; Cl, confidence interval; CRT,
chemoradiotherapy; EORTC QLQ, European Organisation for Research and Treatment of Cancer Quality of Life questionnaire; GHS/QoL, Global
Health Score/quality of life; H&EN35, Head and Neck 35; LSM, least squares mean; PF, physical functioning, PRO FAS, patient-reported outcomes full
analysis set.

the first detailed report of PROs in participants with LA HNSCC  results. In KEYNOTE-040, participants with recurrent and/or
treated with an immune checkpoint inhibitor. metastatic (R/M) HNSCC treated with pembrolizumab had stable

Previous analyses of PROs in participants with HNSCC treated =~ GHS/QoL scores (LSM [95% CI]: 0.38 [-3.00 to 3.78]) compared
with pembrolizumab in phase 3 studies have shown comparable  with participants treated with the standard of care (LSM [95% CIJ:
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life; H&EN35, Head and Neck 35; PF, physical functioning.

-5.86 [-9.68 to -2.04]) (16). Participants in both treatment groups
had stable functioning and symptom scores. In KEYNOTE-048,
participants with treatment-naive R/M HNSCC were treated with
pembrolizumab, pembrolizumab-chemotherapy, or cetuximab-
chemotherapy; PRO scores remained stable, and GHS/QoL scores
were similar between groups (17).

These results also largely align with the limited studies of PROs
in participants with head and neck cancers treated with other
therapies targeting the PD-(L)1 axis in the literature (18, 19). In
the phase 3 CheckMate 141 and phase 4 VOLUME-PRO studies,
participants with R/M HNSCC treated with nivolumab reported
mostly stable symptoms and functioning, with few differences
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observed from baseline in EORTC QLQ-C30, QLQ-H&N35, and
EQ-5D VAS scores (18, 20). Participants with R/M HNSCC
participating in the phase 2 HAWK study who received
durvalumab reported an improvement in EORTC QLQ-C30
GHS/QoL, physical functioning, and fatigue, as well as in EORTC
QLQ-H&N35 mouth pain, swallowing, taste and smell, and speech
symptom scores (21). An exploratory study evaluating PROs in
participants with HNSCC starting treatment with immune
checkpoint inhibitor monotherapy or combination therapy with
cetuximab also found that QoL stabilized over time (19).

The participants in these prior studies had more advanced
disease and had received previous treatment; given that these
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Proportion of participants with improved, stable, or deteriorated scores from baseline to week 45 in (A) EORTC QLQ-C30 GHS/QolL and PF, and (B)
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Treatment of Cancer Quality of Life questionnaire; GHS/Qol, Global Health Score/quality of life; H&EN35, Head and Neck 35; PF, physical
functioning; PRO, patient-reported outcome.

participants often face shorter survival times, changes in PROs from
baseline were evaluated at earlier time points than the results
presented in this analysis (week 15 in KEYNOTE-040 and
KEYNOTE-048, weeks 9-15 in CheckMate 141, weeks 6-8 in
VOLUME-PRO, and weeks 16-24 in HAWK) (17, 18, 20-22).
This highlights the value of the extended follow-up period in this
study, which can yield insights into the longer-term effect of
treatment on the QoL of patients with head and neck cancer.

A common challenge in HRQoL studies is the decrease over
time in the number of participants completing PRO assessments,

Frontiers in Oncology

which is a limitation of this analysis. Some subgroups had relatively
small numbers of participants and KEYNOTE-412 was not
powered to determine the statistical significance of PROs and
lacked multiplicity control, so the results should be interpreted
with caution.

In conclusion, PROs were similar between treatment with
pembrolizumab plus CRT and placebo plus CRT in the first-line
setting for participants with LA HNSCC, suggesting that the
addition of pembrolizumab to CRT did not meaningfully
impact HRQoL.
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