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ABSTRACT

BACKGROUND

The benefit of the addition of perioperative pembrolizumab to standard care with
surgery and adjuvant therapy for patients with locally advanced head and neck
squamous-cell carcinoma (HNSCC) is unclear.

METHODS
In this phase 3, open-label trial, we randomly assigned participants with locally ad-
vanced HNSCC in a 1:1 ratio to receive 2 cycles of neoadjuvant pembrolizumab and 15
cycles of adjuvant pembrolizumab (both at a dose of 200 mg every 3 weeks) in addition
to standard care (pembrolizumab group) or standard care alone (control group).
Standard care was surgery and adjuvant radiotherapy with or without concomitant
cisplatin. The primary end point was event-free survival, sequentially assessed in par-
ticipants whose tumors expressed programmed death ligand 1 (PD-L1) with a com-
bined positive score (CPS) of 10 or more (CPS-10 population), participants whose
tumors expressed PD-L1 with a CPS of 1 or more (CPS-1 population), and all the
participants. A higher CPS indicates a higher proportion of cells that express PD-L1.

RESULTS

A total of 363 participants (234 with a CPS of >10 and 347 with a CPS of >1) were
assigned to the pembrolizumab group and 351 (231 with a CPS of >10 and 335 with
a CPS of >1) to the control group. Surgery was completed in approximately 88% of the
participants in each group. At the first interim analysis, the median follow-up was 38.3
months. Event-free survival at 36 months was 59.8% in the pembrolizumab group and
45.9% in the control group (hazard ratio for progression, recurrence, or death, 0.66;
95% confidence interval [CI], 0.49 to 0.88; two-sided P=0.004) in the CPS-10 popula-
tion; 58.2% and 44.9%, respectively (hazard ratio, 0.70; 95% CI, 0.55 to 0.89; two-
sided P=0.003), in the CPS-1 population; and 57.6% and 46.4%, respectively (hazard
ratio, 0.73; 95% CI, 0.58 to 0.92; two-sided P=0.008), in the total population. Grade 3
or higher treatment-related adverse events occurred in 44.6% of the participants in the
pembrolizumab group and in 42.9% of those in the control group, including death in
1.1% and 0.3%, respectively. Potentially immune-mediated adverse events of grade 3 or
higher occurred in 10.0% of the participants in the pembrolizumab group.

CONCLUSIONS
The addition of neoadjuvant and adjuvant pembrolizumab to standard care signifi-
cantly improved event-free survival among participants with locally advanced HNSCC.
Neoadjuvant pembrolizumab did not affect the likelihood of surgical completion. No
new safety signals were identified. (Funded by Merck Sharp and Dohme, a subsidiary
of Merck [Rahway, NJ]; KEYNOTE-689 ClinicalTrials.gov number, NCT03765918.)
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ESECTABLE LOCALLY ADVANCED HEAD AND
neck squamous-cell carcinoma (HNSCC)
is a burdensome disease with few treat-
ment advances in recent decades. Adjuvant ra-
diotherapy remains the standard of care for
patients with locally advanced HNSCC without
adverse pathological features (e.g., positive mar-
gins or extranodal extension)."* Two phase 3 trials,
European Organization for Research and Treat-
ment of Cancer (EORTC) 22931 and Radiation
Therapy Oncology Group (RTOG) 9501, estab-
lished radiotherapy with concomitant cisplatin
after surgery as the standard of care for high-
risk locally advanced HNSCC.* Nevertheless,
approximately a third of patients have disease re-
lapse within 1 year, and less than half are likely to
survive to 5 years.>®
Pembrolizumab, an anti-programmed death 1
(PD-1) monoclonal antibody, is a cornerstone of
first-line standard care for recurrent and meta-
static HNSCC.>*” The addition of pembrolizumab
to established neoadjuvant and adjuvant regi-
mens led to significant improvement in efficacy
outcomes in phase 3 trials across multiple tumor
types, including lung, breast, and cervical can-
cers, and renal-cell carcinoma.®?? Two phase 2
studies involving patients with locally advanced
HNSCC indicated that adding perioperative pem-
brolizumab to standard care was associated
with lower relapse rates and better disease-free
survival than historical controls.**> This phase
3, open-label, randomized trial (KEYNOTE-689)
investigated the efficacy and safety of neoad-
juvant and adjuvant pembrolizumab plus stan-
dard care as compared with standard care alone
in patients with resectable locally advanced
HNSCC.

METHODS

PARTICIPANTS

Eligible participants were 18 years of age or
older and had newly diagnosed, nonmetastatic,
resectable locally advanced HNSCC with stage
III oropharyngeal pl6-positive disease with tu-
mor size T4 and node stage NO to N2, or stage
III or IVA oropharyngeal p16-negative disease, or
stage III or IVA laryngeal, hypopharyngeal, or
oral cavity disease independent of pl6 status.
Participants had an Eastern Cooperative Oncol-
ogy Group performance-status score of 0 or 1 (on
a scale from 0 to 5, with higher numbers indicat-
ing greater disability), were eligible for primary
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surgery, and provided newly obtained tumor tis-
sue for programmed death ligand 1 (PD-L1) and
human papillomavirus (HPV) analysis. All the
participants provided written informed consent.
Complete eligibility criteria are provided in the
protocol (available with the full text of this article
at NEJM.org).

TRIAL DESIGN AND TREATMENTS

KEYNOTE-689 is a phase 3, multicenter, open-
label, randomized, active-controlled trial con-
ducted at 192 sites across three geographic re-
gions. Participants were randomly assigned in a
1:1 ratio to receive neoadjuvant and adjuvant
pembrolizumab in addition to standard care
(pembrolizumab group) or to receive standard
care alone (control group). Standard care was
surgery and adjuvant radiotherapy with or with-
out concomitant cisplatin. Randomization was
performed centrally with the use of an interac-
tive voice-response system, with stratification
according to primary tumor site (oropharynx or
oral cavity vs. larynx vs. hypopharynx), tumor
stage (IIT vs. IVA), and PD-L1 status according
to centrally determined tumor proportion score
(TPS; 250% vs. <50%).

Participants in the pembrolizumab group
were planned to receive 2 cycles of intravenous
neoadjuvant pembrolizumab (200 mg) every 3
weeks. Participants were planned to undergo
surgery within 6 weeks after randomization in
the pembrolizumab group and within 4 weeks
after randomization in the control group. High
risk for recurrence after surgery was defined in
the protocol as the presence of positive mar-
gins (<1 mm) or extranodal extension, assessed
both locally and centrally. According to the
protocol, planned postoperative treatment based
on risk assessment guided by pathological find-
ings consisted of radiotherapy alone at a dose
of 2 Gy per fraction daily in 30 fractions (60 Gy
total) for low-risk disease (no positive margins
or extranodal extension), or concomitant chemo-
radiotherapy at a dose of 2 Gy per fraction
daily in 33 fractions (66 Gy total) plus cisplatin
at a dose of 100 mg per square meter of body-
surface area every 3 weeks for 3 cycles for high-
risk disease. The dose of radiation and the use
of cisplatin were ultimately determined by the
investigator according to local guidelines. Post-
operative radiotherapy or chemoradiotherapy
began after adequate recovery from surgery
(recommended <6 weeks). The pembrolizumab
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group was also planned to receive postopera-
tive pembrolizumab at a dose of 200 mg every
3 weeks (3 cycles concomitant with radiother-
apy or chemoradiotherapy starting on day 1 of
radiotherapy, followed by 12 cycles on an adju-
vant basis); no additional therapy was included
for the control group. Participants who did not
undergo surgery or had gross residual disease
after surgery could receive definitive chemo-
radiotherapy (planned dose, 2 Gy per fraction
daily in 35 fractions for a total of 70 Gy plus
cisplatin at 100 mg per square meter every 3
weeks for 3 cycles with or without pembroliz-
umab, on the basis of trial-group assignment).
The trial regimen was continued until the oc-
currence of confirmed disease progression, un-
acceptable toxic effects, death, or withdrawal
of consent.

END POINTS AND ASSESSMENTS

The primary end point is event-free survival as-
sessed by blinded independent central review ac-
cording to Response Evaluation Criteria in Solid
Tumors, version 1.1, in participants whose tumors
expressed PD-L1 with a combined positive score
(CPS) of 10 or more (CPS-10 population), partici-
pants whose tumors expressed PD-L1 with a CPS
of 1 or more (CPS-1 population), and all the
participants irrespective of the CPS (total popu-
lation). Event-free survival was defined as the
time from randomization to radiographic dis-
ease progression occurring during the neoadju-
vant phase and preventing surgery, local or dis-
tant progression or recurrence on imaging or
biopsy, or death from any cause. The CPS was
defined as the number of PD-L1-staining cells,
including tumor cells, lymphocytes, and macro-
phages, divided by the total number of viable
tumor cells, multiplied by 100.

Key secondary end points are major patho-
logical response (£10% residual viable invasive
squamous-cell carcinoma) assessed by blinded
independent pathological review and overall sur-
vival in the CPS-10 population, the CPS-1 popu-
lation, and the total population. Other second-
ary end points include pathological complete
response as assessed by blinded independent
pathological review and safety and side-effect
profile. The relatedness of adverse events to the
trial treatment was determined by the investiga-
tors. Definitions and detailed assessments are
provided in the Supplementary Appendix, avail-
able at NEJM.org.
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TRIAL OVERSIGHT
This trial was designed by a panel of academic
advisors and employees of the sponsor (Merck
Sharp and Dohme, a subsidiary of Merck [Rahway,
NJI). The protocol and all amendments were ap-
proved by the appropriate ethics body at each
participating site. The trial was conducted in
accordance with Good Clinical Practices. Regu-
lar safety and efficacy assessments at prespeci-
fied interim analyses were performed by an ex-
ternal, independent data monitoring committee.
The authors vouch for the fidelity of the trial
to the protocol and its amendments and for the
accuracy and completeness of the data reported.
All the authors participated in the writing or
critical review and editing of the manuscript and
approved the manuscript for submission. A medi-
cal writer employed by the sponsor assisted with
the first draft.

STATISTICAL ANALYSIS

The trial enrolled 714 participants, with 65%
having a CPS of 10 or more (planned, 462 par-
ticipants) and 96% having a CPS of 1 or more
(planned, 680 participants). The sample size was
planned such that the CPS-10 population would
provide the trial with approximately 94.9% pow-
er to detect superiority with respect to event-free
survival at a one-sided alpha level of 0.025 in the
pembrolizumab group, with an underlying haz-
ard ratio of 0.62, and more than 99.9% power to
detect an absolute between-group difference of
25 percentage points in major pathological re-
sponse. The first prespecified interim analysis
was planned after 207 events of disease progres-
sion, disease recurrence, or death in the CPS-10
population and 9 months after the last partici-
pant underwent randomization. The overall type I
error rate across the primary and key secondary
end points and multiple populations was strong-
ly controlled at a one-sided alpha level of 2.5%
with the use of the graphical method of Maurer
and Bretz.'® A sequential testing strategy was
used; superiority with respect to event-free sur-
vival was tested by means of stratified log-rank
test first in the CPS-10 population at a one-sided
alpha level of 0.025, then in the CPS-1 popula-
tion at a one-sided alpha level of 0.025, and fi-
nally in the total population at a one-sided alpha
level of 0.025 if each preceding null hypothesis
was rejected. Bounds were derived with the use
of a Lan-DeMets O’Brien—Fleming spending func-
tion. On the basis of the prespecified multiplic-
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ity adjustment strategy, if all event-free survival
null hypotheses were rejected, the alpha level
was reallocated to key secondary hypotheses
(major pathological response, tested by stratified
Miettinen and Nurminen method, one-sided alpha
level of 0.0005; overall survival, tested by stratified
log-rank test, one-sided alpha level of 0.0245) in
the CPS-10 population.

We report data from the first prespecified
interim analysis (data-cutoff date, July 25, 2024).
One-sided P-value boundaries were 0.01378 in
the CPS-10 population, 0.01242 in the CPS-1 popu-
lation, and 0.01196 in the total population for
event-free survival and 0.0005 in each population
for major pathological response and 0.0104 for
overall survival in the CPS-10 population. The
protocol specified reporting of one-sided P val-
ues; in accordance with Journal policy, two-sided
P values are reported.

Analyses were performed with the use of SAS
software, version 9.4. The full analysis plan is
available in the protocol (section 10).

RESULTS

PARTICIPANTS AND TREATMENT

A total of 1044 participants were screened and
714 underwent randomization (363 to the pem-
brolizumab group and 351 to the control group)
from December 2018 through October 2023. Af-
ter neoadjuvant therapy in the pembrolizumab
group, 321 participants (88.4%) completed sur-
gery; in the control group, 308 participants
(87.7%) completed surgery. Surgery delays oc-
curred in 38 participants who received neoadju-
vant pembrolizumab and 10 participants who did
not receive neoadjuvant pembrolizumab (Table S1
in the Supplementary Appendix); the median time
from the end of neoadjuvant therapy (if received)

or randomization (if no neoadjuvant therapy) to
surgery was 3.0 weeks (range, 0.3 to 12.9) and
1.9 weeks (range, 0.3 to 10.4), respectively.

In total, 267 participants in each group (73.6%
in the pembrolizumab group and 76.1% in the
control group) started postoperative therapy; of
them, 46.4% in the pembrolizumab group and
34.8% in the control group started adjuvant ther-
apy within 6 weeks after surgery (82.0% and
76.8%, respectively, within 8 weeks) (Table S2A).
Eight additional participants in each group re-
ceived definitive radiotherapy or radiochemothera-
py without surgery. Reasons for treatment discon-
tinuation before adjuvant therapy are shown in
Table S2B. Central assessment identified high-risk
pathological features in 118 participants (32.5%)
in the pembrolizumab group and 156 (44.4%) in
the control group and no high-risk features in 196
(54.0%) and 148 (42.2%), respectively; all others
had a status of missing. The percentage of par-
ticipants who received cisplatin was lower in the
pembrolizumab group (107 of 275, 38.9%) than in
the control group (139 of 275, 50.5%).

At the data-cutoff date, 155 participants in
the pembrolizumab group and 261 participants
in the control group had completed treatment,
and 11 and 0, respectively, were continuing
treatment (Fig. S1). The median follow-up (time
from randomization to data-cutoff date) was
38.3 months (range, 9.0 to 66.5). The CPS-10
population included 234 participants (64.5%) in
the pembrolizumab group and 231 (65.8%) in
the control group; the CPS-1 population included
347 (95.6%) and 335 (95.4%), respectively. Less
than 5% of all the participants had a CPS of less
than 1. Baseline demographic and disease char-
acteristics were balanced between groups in the
total population (Table 1), the CPS-10 population
(Table S3A), and the CPS-1 population (Table S3B).

Table 1. Baseline Characteristics of the Total Population.*

Characteristic
Median age (range) — yr
Male sex — no. (%)
ECOG performance-status score of 0 — no. (%)
Geographic region — no. (%)
North America
European Union

Rest of the world

Pembrolizumab Control
(N=363) (N=351)
60.0 (29-82) 61.0 (22-87)

286 (78.8) 277 (78.9)
199 (54.8) 209 (59.5)
64 (17.6) 49 (14.0)
138 (38.0) 145 (41.3)
161 (44.4) 157 (44.7)
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Table 1. (Continued.)
Pembrolizumab Control
Characteristic (N=363) (N=351)
Race or ethnic group — no. (%)
American Indian or Alaska Native 0 1(0.3)
Asian 51 (14.0) 44 (12.5)
Black 9 (2.5) 9 (2.6)
Multiple 9(2.5) 20 (5.7)
Native Hawaiian or other Pacific Islander 1(0.3) 1(0.3)
White 284 (78.2) 270 (76.9)
Missing 9 (2.5) 6 (1.7)
Primary tumor site — no. (%)
Hypopharynx 28 (7.7) 26 (7.4)
Larynx 81 (22.3) 73 (20.8)
Oral cavity 219 (60.3) 213 (60.7)
Oropharynx 35 (9.6) 38 (10.8)
Missing 0 1(0.3)
HPV status — no. (%)§
Positive 12 (3.3) 15 (4.3)
Negative 351 (96.7) 335 (95.4)
Missing 0 1(0.3)
PD-L1 status — no. (%)9
TPS =50% 103 (28.4) 107 (30.5)
CPS =10 234 (64.5) 231 (65.8)
CPS =1 347 (95.6) 335 (95.4)
CPS <1 13 (3.6) 14 (4.0)
Missing CPS 3 (0.8) 2 (0.6)
Current or former smoker — no. (%)
Yes 293 (30.7) 267 (76.1)
No 64 (17.6) 81 (23.1)
Missing 6 (1.7) 3(0.9)
Alcohol use — no. (%)
Yes 250 (68.9) 238 (67.8)
No 107 (29.5) 110 (31.3)
Missing 6 (1.7) 3 (0.9)

* Participants in the pembrolizumab group were assigned to receive neoadjuvant and adjuvant pembrolizumab in addi-
tion to standard care; adjuvant pembrolizumab was planned to start concomitantly with postoperative radiotherapy or
chemoradiotherapy. Participants in the control group were assigned to receive standard care. Percentages may not total
100 because of rounding.

T Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with 0 indicating no symp-
toms and higher scores indicating greater disability.

i Race or ethnic group was reported by the participant.

§ Human papillomavirus (HPV) status was determined by local testing for participants with oropharyngeal cancer ac-
cording to pl6 immunohistochemical analysis.

9§ Programmed death ligand 1 (PD-L1) status was determined on the basis of the tumor proportion score (TPS, defined
as the percentage of tumor cells with membranous PD-L1 staining) or combined positive score (CPS, defined as the
number of PD-L1-staining cells, including tumor cells, lymphocytes, and macrophages, divided by the total number
of viable tumor cells, multiplied by 100).
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The total population was generally representa-
tive of the global population with locally advanced
HNSCC (Table S4).

EFFICACY

In the CPS-10 population, a primary end-point
event occurred in 85 participants (36.3%; 25 with
local progression or recurrence, 2 with local and
distant progression or recurrence, 15 with distant
progression or recurrence, and 43 with death) in
the pembrolizumab group and in 107 partici-
pants (46.3%; 29 with local progression or re-
currence, 2 with local and distant progression or
recurrence, 39 with distant progression or recur-
rence, and 37 with death) in the control group
(Fig. 1A). The median event-free survival was
59.7 months (95% confidence interval [CI], 41.1
to not reached) in the pembrolizumab group and
26.9 months (95% CI, 18.3 to 51.5) in the control
group (hazard ratio for progression, recurrence,
or death, 0.66; 95% CI, 0.49 to 0.88; two-sided
P=0.004); the estimated percentage of partici-
pants who were alive and event-free at 3 years (36
months) was 59.8% (95% CI, 52.3 to 66.5) and
45.9% (95% CI, 38.0 to 53.4), respectively. Because
the null hypothesis was rejected for event-free
survival in the CPS-10 population, the next hy-
pothesis was tested.

In the CPS-1 population, a primary end-point
event occurred in 128 participants (36.9%; 37
with local progression or recurrence, 4 with lo-
cal and distant progression or recurrence, 24 with
distant progression or recurrence, and 63 with
death) in the pembrolizumab group and 156
(46.6%; 37 with local progression or recurrence,
6 with local and distant progression or recur-
rence, 51 with distant progression or recurrence,
and 62 with death) in the control group (Fig. 1B).
The median event-free survival was 59.7 months
(95% CI, 37.9 to not reached) in the pembroliz-
umab group and 29.6 months (95% CI, 19.5 to
41.9) in the control group (hazard ratio for pro-
gression, recurrence, or death, 0.70; 95% CI,
0.55 to 0.89; two-sided P=0.003); the estimated
percentage of participants who were alive and
event-free at 3 years was 58.2% (95% CI, 51.9 to
64.0) and 44.9% (95% CI, 38.4 to 51.2), respec-
tively.

In the total population, a primary end-point
event occurred in 136 participants (37.5%; 39
with local progression or recurrence, 4 local and
distant progression or recurrence, 26 with distant
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progression or recurrence, and 67 with death) in
the pembrolizumab group and 159 participants
(45.3%; 37 with local progression or recurrence,
7 with local and distant progression or recur-
rence, 51 with distant progression or recurrence,
and 64 with death) in the control group (Fig. 1C).
The median event-free survival was 51.8 months
(95% CI, 37.5 to not reached) in the pembroliz-
umab group and 30.4 months (95% CI, 21.8 to
50.1) in the control group (hazard ratio for pro-
gression, disease, or death, 0.73; 95% CI, 0.58 to
0.92; two-sided P=0.008); the estimated percent-
age of participants who were alive and event-free
at 3 years was 57.6% (95% CI, 51.5 to 63.3) and
46.4% (95% CI, 40.0 to 52.5), respectively. The
results for event-free survival according to sub-
group are shown in Figure S2.

In the pembrolizumab group, a major patho-
logical response as assessed by blinded inde-
pendent pathological review occurred in 32 par-
ticipants in the CPS-10 population (estimated
difference in percentage of participants vs. con-
trol group, 13.7 percentage points; 95% CI, 9.7
to 18.7; P<0.001), 34 participants in the CPS-1
population (estimated difference, 9.8 percentage
points; 95% CI, 7.0 to 13.3; P<0.001), and 34
participants in the total population (estimated
difference, 9.3 percentage points; 95% CI, 6.7 to
12.8; P<0.001) (Table 2). In the pembrolizumab
group, a pathological complete response as as-
sessed by blinded independent pathological re-
view occurred in 10 participants in the CPS-10
population (estimated difference in percentage
of participants vs. control group, 4.2 percentage
points; 95% CI, 2.1 to 7.6), 11 participants in
the CPS-1 population (estimated difference, 3.1
percentage points; 95% CI, 1.6 to 5.6), and 11
participants in the total population (estimated
difference, 3.0 percentage points; 95% CI, 1.5 to
5.3) (Table 2). No participants with a CPS of less
than 1 or missing CPS had a major pathological
response or pathological complete response.

At the first prespecified interim analysis, death
had occurred in 73 participants (31.2%) in the
pembrolizumab group and 89 participants (38.5%)
in the control group among the CPS-10 popula-
tion; 106 (30.5%) and 128 (38.2%), respectively,
among the CPS-1 population; and 113 (31.1%)
and 131 (37.3%), respectively, among the total
population. In the CPS-10 population, the esti-
mated overall survival at 3 years was 68.2% (95%
CI, 61.3 to 74.2) in the pembrolizumab group
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Figure 1. Event-free Survival as Assessed by Central A CPS-10 Population
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time. In the CPS-1 population, the estimated | Control 335 245 170 140 104 82 56 36 25 15 7 O

overall survival at 3 years was 69.0% (95% CI,

63.3 to 74.0) in the pembrolizumab group and | Tot! Population

60.2% (95% CI, 54.1 to 65.8) in the control 103"\
group, (hazard ratio for death, 0.72; 95% CI, < :0:
0.56 to 0.94) (Fig. 2B). In the total population, %’ 704
the estimated overall survival at 3 years was ; 60 .
68.4% (95% CI, 62.9 to 73.3) and 61.1% (95% CI, a 504 L 546
55.1 to 66.5), respectively (hazard ratio for death, .:'i_’ 40 P ontrol Ly
0-76§ 95% CI, 0.59 to 098) (Flg 2C) § 30 E Hlazard ratiolfor progression, recurrence,
@ 204 ! or death, 0.73 (95% Cl, 0.58-0.92)
SAFETY 10 E PTO.OOS (tw?-sided)
The as-treated population included 361 partici- 0o 6 12 18 24 30 36 42 48 54 60 66
pants in the pembrolizumab group and 315 in Months
the control group. The median total duration | po. atRisk
oftherapy was 9.1 months (range, 0.03 to 22.3) Pembrolizumab 363 287 232 191 157 129 88 55 34 21 2 O
and 2.9 months (range, 0.03 to 7.2), respectively Control 351 238 183 147 110 88 59 37 25 A5 70
(Table S5A). The median duration of adjuvant
pembrolizumab was 9.7 months (range, 0.03 to domization to 30 days after treatment discon-
18.9), with a median of 15.0 cycles (range, 1.0 to tinuation and serious adverse events were re-
16.0) (Table S5C). In accordance with the trial corded from randomization to 90 days after
design, adverse events were recorded from ran- treatment discontinuation, which substantially
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Figure 2. Overall Survival.

Overall survival was defined as the time from random-
ization to death from any cause. Panel A shows Kaplan—
Meier estimates of overall survival among all randomly
assigned participants who had tumors with a PD-L1
CPS of 10 or more. Panel B shows Kaplan—Meier esti-
mates of overall survival among all randomly assigned
participants who had tumors with a PD-L1 CPS of 1 or
more. Panel C shows Kaplan—Meier estimates of over-
all survival among all randomly assigned participants.
Participants in the pembrolizumab group were assigned
to receive neoadjuvant and adjuvant pembrolizumab
in addition to standard care; adjuvant pembrolizumab
was planned to start concomitantly with postoperative
radiotherapy or chemoradiotherapy. Participants in the
control group were assigned to receive standard care.
Tick marks indicate censored data.

extended the monitoring window for the pem-
brolizumab group.

Treatment-related adverse events of any grade
occurred in 81.4% of the participants in the
pembrolizumab group and 81.9% of those in the
control group; events of grade 3 or higher oc-
curred in 44.6% and 42.9%, respectively (Table 3).
In both groups, the most common treatment-
related adverse event of grade 3 or higher was
stomatitis (11.6% in the pembrolizumab group
and 13.3% in the control group) (Table S6).
Treatment-related serious adverse events oc-
curred in 19.1% of the participants in the pem-
brolizumab group and 10.5% of those in the
control group (Table 3 and Table S7); serious
adverse events of any cause occurred in 49.6%
and 36.8%, respectively (Table S8). Deaths at-
tributed to treatment-related adverse events oc-
curred in four participants (1.1%) in the pembro-
lizumab group (one each from renal failure,
coronavirus disease 2019-related pneumonia,
pneumonitis, and unknown cause) and one par-
ticipant (0.3%) in the control group (acute kid-
ney injury).

Treatment-related adverse events led to treat-
ment discontinuation in 17.7% of the partici-
pants in the pembrolizumab group and 12.4% of
those in the control group (Table 3 and Table
S9). The most common event leading to discon-
tinuation of radiotherapy was stomatitis in the
pembrolizumab group (0.7%) and an increased
alanine aminotransferase level in the control
group (0.4%); the most common event leading to
discontinuation of cisplatin was decreased neu-
trophil count in both groups (5.6% and 7.2%,
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respectively); and the most common event leading
to discontinuation of pembrolizumab was pneu-
monitis (1.9%). Treatment-related adverse events
that occurred in at least 1% of the participants in
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Table 3. Summary of Treatment-Related Adverse Events in the As-Treated Population.*
Pembrolizumab Control
Event (N=361) (N=315)
Any Grade Grade =3 Any Grade Grade =3
number of participants (percent)
Any adverse event 294 (81.4) 161 (44.6) 258 (81.9) 135 (42.9)
Discontinuation of trial treatment due 64 (17.7) 39 (12.4)
to adverse event
Death due to adverse event 4(1.1) 1(0.3)
Serious adverse event 69 (19.1) 33 (10.5)
Adverse events occurring in =5% of
participants in either group
Radiation skin injury 142 (39.3) 15 (4.2) 148 (47.0) 18 (5.7)
Stomatitis 0 (38.8) 42 (11.6) 164 (52.1) 42 (13.3)
Hypothyroidism 70 (19.4) 0 6 (1.9) 0
Fatigue 65 (18.0) 3(0.8) 41 (13.0) 2 (0.6)
Nausea 64 (17.7) 5 (1.4) 67 (21.3) 8 (2.5)
Dry mouth 63 (17.5) 3(0.8) 68 (21.6) 3 (1.0)
Dysgeusia 46 (12.7) 0 6 (17.8) 2(0.6)
Neutrophil count decreased 42 (11.6) 19 (5.3) 9 (18.7) 37 (11.7)
Lymphocyte count decreased 41 (11.4) 20 (5.5) 28 (8.9) 21 (6.7)
Vomiting 39 (10.8) 1(0.3) 25 (7.9) 2(0.6)
White-cell count decreased 39 (10.8) 13 (3.6) 0 (15.9) 28 (8.9)
Dysphagia (10 2) 10 (2.8) 49 (15.6) 10 3.2)
Weight decreased 5(9.7) 11 (3.0) 4 (10.8) 12 (3.8)
Anemia (8 9) 8(2.2) 34 (10.8) 3(1.0)
Decreased appetite 30 (8.3) 4(1.1) 29 (9.2) 4 (1.3)
Pruritus 29 (8.0) 2 (0.6) 1(0.3) 0
Rash 29 (8.0) 1(0.3) 0 0
Hyperthyroidism 27 (7.5) 0 5 (1.6) 0
Alanine aminotransferase level 23 (6.4) 5(1.4) 16 (5.1) 4 (1.3)
increased
Diarrhea 23 (6.4) 3(0.8) 7(2.2) 0
Oral candidiasis 23 (6.4) 0 15 (4.8) 0
Dermatitis 21 (5.8) 1(03) 15 (4.8) 5 (1.6)
Odynophagia 21 (5.8) 2 (0.6) 25 (7.9) 0
Aspartate aminotransferase level 20 (5.5) 1(0.3) 8 (2.5) 1(0.3)
increased
Asthenia 19 (5.3) 1(0.3) 19 (6.0) 2(0.6)
Oral pain 19 (5.3) 0 17 (5.4) 1(0.3)
Pneumonitis 19 (5.3) 5(1.4) 0 0
Blood creatinine level increased 16 (4.4) 2 (0.6) 16 (5.1) 2 (0.6)
Pharyngeal inflammation 15 (4.2) 0 19 (6.0) 0
Platelet count decreased 14 (3.9) 3(0.8) 24 (7.6) 2 (0.6)

* The as-treated population was defined as all the participants who received at least one dose of trial treatment or under-
went surgery. The relatedness of adverse events to the trial treatment was determined by the investigators. Participants
in the pembrolizumab group were assigned to receive neoadjuvant and adjuvant pembrolizumab in addition to stan-
dard care; adjuvant pembrolizumab was planned to start concomitantly with postoperative radiotherapy or chemora-
diotherapy. Participants in the control group were assigned to receive standard care.
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either group during the adjuvant treatment phase
are shown in Table S10.

Potentially immune-mediated adverse events
of any grade occurred in 43.2% of the partici-
pants in the pembrolizumab group and 10.2% of
those in the control group (Table S11). In both
groups, the most common such event was hypo-
thyroidism (24.7% in the pembrolizumab group
and 5.4% in the control group). Potentially im-
mune-mediated adverse events of grade 3 or higher
occurred in 10.0% of the participants in the pem-
brolizumab group (including six participants with
pneumonitis, one of whom had a grade 5 event)
and 0.6% of those in the control group.

DISCUSSION

The phase 3, randomized KEYNOTE-689 trial
showed that neoadjuvant, concomitant with post-
operative radiotherapy or chemoradiotherapy, and
adjuvant pembrolizumab added to standard care
resulted in a significant improvement in event-
free survival among participants with locally ad-
vanced HNSCC with a CPS of 10 or more, a CPS
of 1 or more, and any CPS status, although the
small group of participants with missing CPS
data or a CPS of less than 1 limits definitive state-
ments about the treatment effect in this popula-
tion at this time. The Kaplan—Meier curves for
event-free survival for all three populations sepa-
rated early and remained separated, with a dif-
ference of 10 percentage points or more beyond
12 months for the duration of available trial
follow-up. A major pathological response or
pathological complete response was observed in
9.4% and 3.0% of the participants, respectively,
in the total population of the pembrolizumab
group after neoadjuvant therapy and surgery. As
expected, no major pathological response or
pathological complete response as assessed by
blinded independent pathological review was
observed in the control group. The small group
of participants with a CPS of less than 1 also
showed no major pathological response or path-
ological complete response. Results for overall
survival were not mature at the first prespecified
interim analysis; additional follow-up is ongo-
ing, and testing of overall-survival hypotheses
is planned for future analyses according to the
statistical analysis plan.

Most treatment-related adverse events, includ-
ing those of grade 3 or higher, were similar in

the two groups and are known to be associated
with radiotherapy or chemoradiotherapy (e.g.,
stomatitis, radiation skin injury, and decreased
neutrophil count). Participants in the pembroliz-
umab group, as compared with those in the
control group, had more potentially immune-
mediated adverse events of any grade (43.2% vs.
10.2%) and grade 3 or higher (10.0% vs. 0.6%) and
treatment-related serious adverse events (19.1%
vs. 10.5%), findings consistent with reports from
similar trials.’®'%7 Of note, the duration of therapy
in the pembrolizumab group was approximately
triple that in the control group, which reflects the
trial design and extends the therapeutic and
adverse-event reporting windows. Nevertheless,
the risk of serious immune-mediated toxic ef-
fects with immunotherapy is acknowledged and
should be incorporated into discussions between
patients and their treating physicians during
treatment planning.

Historically, the addition of immune check-
point inhibitors to standard-care radiotherapy
or chemoradiotherapy in patients with nonop-
erated locally advanced HNSCC has not result-
ed in significant efficacy improvement, on the
basis of the KEYNOTE-412 trial (pembrolizumab—
chemoradiotherapy vs. chemoradiotherapy),'® the
JAVELIN Head and Neck 100 trial (avelumab—
chemoradiotherapy vs. chemoradiotherapy),’ the
GORTEC 2015-01 PembroRad trial (pembroliz-
umab-radiotherapy vs. cetuximab-radiotherapy),
and the GORTEC 2017-01 REACH cisplatin-eligi-
ble and cisplatin-ineligible cohorts (avelumab—
cetuximab-radiotherapy vs. cisplatin—radiotherapy
or cetuximab-radiotherapy, respectively).”! At-
ezolizumab maintenance after definitive treat-
ment that could include surgery and radiothera-
py or chemoradiotherapy also did not show a
benefit with respect to event-free survival.?? The
results of the KEYNOTE-689 trial, and the re-
cently announced significant improvement in
disease-free survival in the GORTEC 2018-01
NIVOPOSTOP trial (postoperative nivolumab—
chemoradiotherapy vs. chemoradiotherapy),” are
encouraging and suggest a specific function of
immune checkpoint inhibitors in targeting mi-
crometastatic or minimally residual head and
neck cancer after curative surgical therapy. Of
note, the KEYNOTE-689 trial included partici-
pants with high- and low-risk disease on the
basis of risk assessment guided by pathological
findings, whereas the NIVOPOSTOP trial included

N ENGLJ MED 393;1 NEJM.ORG JULY 3, 2025

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org at Sarasota Memorial Hospital on May 11, 2026.

47



48

The NEW ENGLAND JOURNAL of MEDICINE

only those with high-risk disease. The role of the
neoadjuvant component of the KEYNOTE-689
regimen in pathological tumor response and
potential immunogenic priming of the tumor
microenvironment are of high interest and war-
rant further investigation beyond the scope of
this trial.

A limitation of this analysis is the difficulty
in determining the specific efficacy and safety
contributions of neoadjuvant pembrolizumab,
concomitant with radiotherapy or chemoradio-
therapy, and adjuvant pembrolizumab after ra-
diotherapy. Similar percentages of participants
in each group completed in-trial surgery (88.4%
in the pembrolizumab group and 87.7% in the
control group) and initiated postoperative thera-
py (73.6% and 76.1%, respectively), which sug-
gests that two cycles of neoadjuvant pembro-
lizumab did not interfere with the ability to
receive standard care. In addition, the percent-
age of participants who had high-risk pathologi-
cal features was lower by 11.9 percentage points
in the pembrolizumab group than in the control
group, and the percentage who received cisplatin
after surgery was lower by 11.6 percentage
points; these findings indicate the possible con-
tribution of neoadjuvant pembrolizumab. It
should be noted that the monitoring window for
progressive disease from randomization to the
start of adjuvant therapy was longer in the pem-
brolizumab group than in the control group
(attributable to the trial design), which poten-
tially led to imbalances in the reasons for dis-
continuation before the adjuvant phase.

A further limitation is the small size of some
subgroups, including participants with HPV-
positive tumors and participants whose tumors
had a CPS of less than 1 or a missing CPS (both
subgroups accounted for <5% of the total trial
population). Real-world evidence describing the
prevalence of PD-L1 expression in locally ad-
vanced HNSCC is limited; however, this trial
aligns with prospective studies suggesting PD-L1
positivity of approximately 90% may be frequent-
ly encountered in previously untreated locally
advanced HNSCC.®®% In addition, an occurrence
of PD-L1 positivity above 80 to 90% was ob-
served in retrospective studies of populations
with oral-cavity cancer predominance.*** Some
evidence suggests that pembrolizumab may have

antitumor activity in HNSCC with a CPS of less
than 1.2°?® Nevertheless, the KEYNOTE-689 trial
was not powered to determine the magnitude of
benefit of perioperative pembrolizumab in this
subgroup, and the usefulness of this regimen
remains unclear for these patients.

Standard care for resectable locally advanced
HNSCC has remained relatively constant since
2004, when two pivotal randomized trials first
established the addition of cisplatin to postop-
erative radiotherapy as the recommended treat-
ment regimen for high-risk disease.>*¢ The
KEYNOTE-689 trial showed that the addition
of neoadjuvant and adjuvant pembrolizumab to
standard care conferred a significant improve-
ment in event-free survival among patients with
resectable locally advanced HNSCC.
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