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IMPORTANCE Novel approaches are needed to improve outcomes in patients with squamous
cell carcinoma of the oral cavity. Neoadjuvant immunotherapy given prior to surgery and
combining programmed cell death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) immune checkpoint inhibitors are 2 strategies to enhance antitumor
immune responses that could be of benefit.

DESIGN, SETTING, AND PARTICIPANTS In this randomized phase 2 clinical trial conducted at
1academic center, 29 patients with untreated squamous cell carcinoma of the oral cavity
(=T2, or clinically node positive) were enrolled between 2016 to 2019.

INTERVENTIONS Treatment was administered with nivolumab, 3 mg/kg, weeks 1and 3, or
nivolumab and ipilimumab (ipilimumab, 1 mg/kg, given week 1only). Patients had surgery
3 to 7 days following cycle 2.

MAIN OUTCOMES AND MEASURES Safety and volumetric response determined using
bidirectional measurements. Secondary end points included pathologic and objective
response, progression-free survival (PFS), and overall survival. Multiplex immunofluores-
cence was used to evaluate primary tumor immune markers.

RESULTS Fourteen patients were randomized to nivolumab (N) and 15 patients to
nivolumab/ipilimumab (N+I) (mean [SD] age, 62 [12] years; 18 men [62%] and 11 women
[38%]). The most common subsite was oral tongue (n = 16). Baseline clinical staging included
patients with T2 (n = 20) or greater (n = 9) T stage and 17 patients (59%) with node-positive
disease. Median time from cycle 1to surgery was 19 days (range, 7-21 days); there were no
surgical delays. There were toxic effects at least possibly related to study treatment in

21 patients, including grade 3 to 4 events in 2 (N), and 5 (N+1) patients. One patient died of
conditions thought unrelated to study treatment (postoperative flap failure, stroke). There
was evidence of response in both the N and N+l arms (volumetric response 50%, 53%;
pathologic downstaging 53%, 69%; RECIST response 13%, 38%; and pathologic response
54%, 73%, respectively). Four patients had major/complete pathologic response greater than
90% (N, n = 1; N+l, n = 3). With 14.2 months median follow-up, 1-year progression-free
survival was 85% and overall survival was 89%.

CONCLUSIONS AND RELEVANCE Treatment with N and N+l was feasible prior to surgical
resection. We observed promising rates of response in both arms, supporting further
neoadjuvant studies with these agents.
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eoadjuvant immune checkpoint blockade has dem-

onstrated promise in melanoma,'® non-small cell lung

cancer,* bladder cancer,” and glioblastoma.®” Pre-
clinical data suggest neoadjuvant immunotherapy may be more
effective than adjuvant therapy.®° Concurrent blockade of both
the programmed cell death protein 1 (PD-1) and cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) immune check-
points in the neoadjuvant setting was associated with higher
objective and pathologic response in melanoma; however,
there were also considerable toxic effects with ipilimumab
administered at 3 mg/kg for 2 to 3 doses preoperatively.!?

Locally advanced squamous cell carcinoma (SCC) of the
oral cavity (OC) is typically treated with surgical resection fol-
lowed by adjuvant treatment dictated by pathologic analysis.
Evidence supports adjuvant chemoradiation for high-risk pa-
tients, although recurrence is common and disease-related
death is significant, even at early time points.'®" Pro-
grammed cell death protein 1 inhibitors nivolumab and
pembrolizumab are approved for patients with recurrent/
metastatic SCC head and neck (HN) cancers including OC can-
cers, with a response rate of approximately 20% and an over-
all survival benefit compared with chemotherapy.!?-14
Use of immunotherapies in the neoadjuvant setting is of par-
ticular interest given the potential for an enhanced immune
response with potential clinical benefit, and the possibility of
tumor debulking to facilitate more limited surgery and dein-
tensified adjuvant therapy.

We performed a randomized study evaluating neoadju-
vant nivolumab (N), delivered alone or in combination with
ipilimumab (N+I), in patients with OCSCC. In addition to being
a high-risk malignant disease, the choice of OC malignant dis-
eases allowed for visual monitoring over the course of therapy.
Using a neoadjuvant course of treatment of 2 to 3 weeks (a typi-
cal interval between evaluation and surgery with standard-
of-care treatment) and administering ipilimumab for a single
cycle at a dose of 1 mg/kg, we endeavored to minimize risks
associated with this regimen.>

Methods

Study Population and Trial Design
The trial protocol is available in Supplement 1. This protocol was
approved by the Dana-Farber Harvard Cancer Center (DF-HCC)
institutional review board. Written informed consent was ob-
tained during clinic visits per institutional guidelines. Eligible pa-
tients had pathologically confirmed OCSCC, with clinical T2-4b
(American Joint Committee on Cancer, 7" Edition [AJCC 71), or
node positive-disease, with no evidence of distant metastases.
Patients were randomized 1:1to N monotherapy or N+1. All
patients received 2 cycles of nivolumab at 3 mg/kg weeks 1 and
3; patients randomized to the N+Iarm also received ipilimumab
1mg/kg week 1 only. All patients were evaluated by a head and
neck surgeon prior to enrollment. Surgery was carried out to
the initial planned resection margins which were not adjusted
in the case of a clinical response. Adjuvant therapy (radiation or
cisplatin-radiation therapy) was used as per standard of care
based on pathologic analysis unless there were unequivocal in-
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Key Points

Question Is neoadjuvant programmed cell death protein 1(PD-1)
or combined PD-1/cytotoxic T-lymphocyte-associated protein 4
inhibition administered prior to surgery tolerated and effective
in patients with untreated squamous cell carcinoma of the oral
cavity?

Findings In this phase 2 clinical trial of 29 patients with oral
cavity cancer randomized to nivolumab alone or nivolumab and
ipilimumab, there were no delays to surgery, and evidence of
clinical, radiologic, and pathologic responses in both arms,
including 4 patients with major (>90%) or complete pathologic
response—3 who were treated with nivolumab and ipilimumab.

Meaning Both nivolumab and nivolumab plus ipilimumab are
feasible in the neoadjuvant setting and result in promising rates
of response.

dications for adjuvant therapy on baseline clinical staging as
determined by treating physicians. For example, patients with
radiologic or clinical T3/T4 disease or multiple radiologically sus-
picious lymph nodes received adjuvant radiation therapy even
if pathologic analysis following neoadjuvant therapy did not
reveal standard indications for adjuvant treatment.
Coprimary end points were safety (including delays to
planned surgical date) and volumetric response. There was
a safety run-in for each cohort following a 3 + 3 design to
assess dose-limiting toxic effects. Adverse events were as-
sessed using the Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0. Perisurgical events were as-
sessed using the Clavien-Dindo Classification of Surgical
Complications.'® Volumetric response was defined as previ-
ously described using the product of the longest perpendicu-
lar bidirectional tumor measurements'®; given the short win-
dow period, any tumor volume reduction as determined by the
product of the 2 dimensions was counted as a response. Ra-
diologic measurements were performed by the institutional
imaging core facility blinded to treatment. Primary lesions were
assessed by physical and pathologic measurements when
deemed unmeasurable by radiologic review. Responders dem-
onstrated reduction in tumor volume; all other patients were
nonresponders. Secondary end points included objective re-
sponse using RECIST; for this analysis, patients with no radio-
graphically measurable lesions on imaging review were ex-
cluded. Positron emission tomography-computed tomography
(PET-CT) scans compared the maximum standardized up-
take value (SUV,,,) in the primary lesion and most avid lymph
node. Immunotherapy induced treatment effect was defined
as posttreatment lymph nodes that had increased or devel-
oped over the course of neoadjuvant therapy using 2 poten-
tial cutoffs of SUV .3 or SUV,,,,.=6. To differentiate immu-
notherapy induced effect from progression, we only counted
patients if they had a lymph node dissection of this nodal re-
gion following study treatment and all lymph nodes from this
region were pathologically negative. Pathologic response in the
primary lesion (percentages of viable tumor vs areas showing
nonviable tumor and/or evidence of tissue response to non-
viable tumor) was assessed by a head and neck pathologist
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blinded to treatment arm. Determination of tissue response was
based on the presence of inflammatory cells, necrosis, stro-
mal scarring or fibrosis, granulation tissue, and foreign body
giant cell reaction in the gross tumor or tumor bed. Clinical to
pathologic downstaging was assessed using AJCC 7 staging.

Correlative Analyses

Multiplex immunofluorescence used formalin-fixed, paraffin-
embedded slides of the primary tumor stained using BOND RX
automated stainers.!” Scoring for programmed cell death
ligand 1 (PD-L1) used the percentage of membranous PD-L1-
positive (antibody clone 9A11; Cell Signaling Technology/
cytokeratin-positive tumor cells using pathologist-assisted
image analysis with Inform software; Akoya/PerkinElmer)
as described.!”

Statistical Analyses

In addition to safety, the primary end point was volumetric re-
sponse. The goal was to identify a response rate of 15% or more
in either arm based on the lower bound of the 1-sided, 90% ex-
actbinomial confidence interval. Using these criteria, the study
was stopped when there was sufficient evidence that the volu-
metric response exceeded 15% in both arms.

Analyses were performed using SAS statistical software
(version 9.4; SAS Institute, Inc) and JMP Pro statistical soft-
ware (version 15.0; SAS Institute, Inc) based on database as of
October 15, 2019. Associations between cell populations de-
termined by multiplex and response were determined using
rank sum test, univariate logistic regression, and analysis of
variance. Agreement between response metrics was assessed
using Cohen k.

|
Results

Patient Characteristics and Safety

Thirty patients were treated from 2016 to 2019. One patient
was excluded from efficacy analyses as she was ineligible be-
cause of evidence of distant metastatic disease at baseline
(Figure 1). Characteristics of the remaining 29 patients are listed
in Table 1. There were 15 (52%) with clinically or radiographi-
cally node-positive disease, and 18 (62%) with stage IVA
disease (presurgery).

Fourteen patients were randomized to N and 15 to N+I. Six
patients did not receive the full second cycle of therapy,
2 within the N arm and 4 in the N+I arm. Reasons for an in-
complete or skipped second cycle summarized in Figure 1in-
clude patient choice (n = 1), infusion reactions (n = 2), and grade
2 arthralgias or joint effusion (n = 2). One N+I patient did not
receive the second cycle owing to concern for clinical tumor
progression following the first cycle. Restaging scans prior
to surgery demonstrated stable disease. The date of surgical
resection was moved 1 week earlier than initially planned and
complete resection was achieved.

There were no dose-limiting toxic effects in the safety run-in
for either cohort. No surgical delays occurred beyond the pre-
specified surgical date. Adverse events at least possibly re-
lated to study treatment occurred in 21 (72%) patients (Table 2).
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Figure 1. Trial Flow Diagram

30 Enrolled

1 Excluded
Evidence of metastatic disease
on baseline scans

(" 29 Randomized

15 Randomized to nivolumab
+ipilimumab
All received first cycle
4 Did not receive full second cycle

2 Received partial second cycle-
developed infusion reaction

1 Grade 2 joint effusion

1 Concern about potential tumor
progression, surgery date
moved up

14 Randomized to nivolumab
All received first cycle
2 Did not receive full second cycle
1 Declined
1 Grade 2 joint pain and stiffness

There were no statistically significant differences in the timing
of immune-related adverse events relative to surgery between
the 2 arms. All grade immune-related toxic effects occurred a
median of 7.5 days following surgery in the N arm and 7 days
prior to surgery in the N+Iarm (P = .33). Grade 3 to 4 immune-
related toxic effects occurred a median 26 days after surgery in
the N arm and a median of 3 days after surgery in the N+I arm
(P = .77). Several of the most serious related events occurred in
the perioperative period following surgery or during standard
of care adjuvant therapy—these included grade 3 biopsy-
proven immune-related colitis and grade 3 pneumonitis in pa-
tients in the N+I arm, and a grade 4 event that included new-
onset diabetes and associated diabetic ketoacidosis in a patient
in the N arm. The grade 3 colitis was responsive to corticoste-
roid treatment and vedolizumab treatment after 4 months fa-
cilitated complete steroid taper and resolution of symptoms. The
grade 3 pneumonitis resolved with corticosteroids which were
slowly tapered over a period of approximately 1 month. The pa-
tient with new-onset diabetes remains insulin dependent. Sur-
gical complications deemed unrelated to study therapy were fur-
ther assessed using the Clavien-Dindo classification (Table 2).1
Severe events included a pulmonary embolism, evacuation of
apostoperative hematoma, and 2 patients who returned to the
operating room for revision of an intraoral flap. One of these pa-
tients, with a history of hypertension and hyperlipidemia, de-
veloped a stroke following flap revision and subsequently died.
Median hospital stay following surgery for patients on proto-
col was 7.5 days (interquartile range [IQR], 6-10 days), and simi-
lar between arms (N, median 6 days; IQR, 4-8 days; N+I,
median 8 days; IQR, 7-11 days).

Efficacy Outcomes

Restaging scans were performed a median of 14 days (range, 6-20
days) and surgery a median of 19 days (range, 7-21 days) after
cycle 1 of therapy. Response during the window period is sum-
marized in Figure 2. We observed volumetric response (50%
with N; 80% CI, 30.5%-69.5%; 53% with N+I; 80% CI, 34.2%-
71.8%), RECIST response (13% with N; 38% with N+I) and clini-
cal to pathologic downstaging (69% with N, 53% with N+I) in
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Table 1. Baseline Characteristics of the 29 Study Patients

No. (%)

Cohort 1: nivolumab

Characteristic (n=14)

Cohort 2: nivolumab +
ipilimumab
(n=15)

Overall
(n=29)

Age, median (range), y 64.4(39.1-81.0)

Sex
Male 10 (71.4)
Female 4(28.6)
Smoker
No 11 (78.6)
Former, <10 pack-year 1(7.1)
Former, >10 pack-year 2(14.3)
Primary tumor site
Oral tongue 7 (50.0)
Gingiva 1(7.1)
Retromolar trigone 2(14.3)
Alveolar ridge 2(14.3)
Buccal mucosa 1(7.1)
Hard palate 1(7.1)
Pretreatment clinical T-stage®
2 10(71.4)
3 0
4 4(28.6)
Pretreatment clinical N-stage®
NO 5(35.7)
N1 4(28.6)
N2b 5(35.7)
N2c 0
AJCC overall clinical disease stage®
1] 4(28.6)
1 3(21.4)
IVA 7 (50.0)

65.2 (32.5-78.4)

8(53.3)
7 (46.7)

8(53.3)
6 (40.0)
1(6.7)

9 (60.0)
1(6.7)
3(20.0)
1(6.7)
1(6.7)
0

10 (66.7)
1(6.7)
4(26.7)

6 (40.0)
0
8(53.3)
1(6.7)

4(26.7)
0
11(73.3)

65.2(32.5-81.0)

18 (62.1)
11(37.9)

19 (65.5)
7(24.1)
3(10.3)

16 (55.2)
2(6.9)
5(17.2)
3(10.3)
2(6.9)
1(3.4)

20 (69.0)
1(3.4)
8(27.6)

11 (37.9)
4(13.8)
13 (44.8)
1(3.4)

8(27.6)
3(10.3)

N . . .
18 (62.1) American Joint Committee on

Cancer, 7' Edition staging.

Table 2. Treatment-Related Adverse Events (Common Terminology Criteria for Adverse Events Version 4.0),

and Surgical-Related Toxic Effects (Clavien-Dindo) in All 30 Originally Enrolled Participants

No. (%)

Cohort 1: nivolumab Cohort 2: nivolumab/ipilimumab

(n=15) (n=15)
Immune checkpoint blockade-related AE Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4
Skin? (rash, dryness, dermatitis) 3(20) 0 2(13) 0
Pain (lymph node and oral) 1(7) 0 2(13) 0
Fatigue 3(20) 0 1(7) 0
Hyperthyroidism 2(13) 0 1(7) 0
Hypothyroidism 1(7) 0 0 0
Colitis/diarrhea 0 0 2(13) 1(7)
Oral mucositis/lichenoid reaction/dry 1(7) 1(7) 1(7) 0
mouth/dysphagia
Tongue/face swelling 0 0 2(13) 0
Infusion/allergic reaction 0 0 0 2(13)

. . b
Joint swelling/effusion 1(7) 0 1(7) 1 Abbreviations: AE, adverse event;
Autoimmune diabetes and hyperglycemia 0 1(7) 0 0 IQR, interquartile range.
Autoimmune disorders 2(13) 0 0 0 2 Including papulopustular rash and
P EIETiS 0 0 0 1(7) all skin and subcutaneous tissue
o . . disorders.
Timing of toxic effect onset (median days 7 (All grades) 26 -7 (All grades)*© 18 b .
from surgery date) Including all musculoskeletal and
Surgical toxic effects-Clavien-Dindo scoring 4(31) 1(8) 6 (40) 3(20) connective tissue disorders.
c o .
Hospital stay, median, d (IQR) 6(4-8) 8(7-11) Median interval occurred prior to

surgery.
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Figure 2. Summary of Response in Both Treatment Arms
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both arms. Measures of response were largely concordant be-
tween patients (eTable in Supplement 2). Among the 11 pa-
tients without clinical to pathologic downstaging, 8 had stable
disease. The 3 patients with an increase in stage were: clinical
T2NO (stage IT)/pathologic T2N1 (stage I1I); clinical T2N2b (stage
IVA)/pathologic T3N2b (stage IVA); clinical T2N1 (stage III)/
pathologic T3NO (stage III). None of these patients had diffi-
culty with surgical resection or had tumor recurrence.
Pathologic response in the primary tumor was assessed
using a quantitative grading scheme (pathologic tumor re-
sponse [nonviable tumor], PTRO = no or <10% response,
PTR1 = 210% and <50%, and PTR2 = >50%), as has been re-
cently described.'® Pathologic features observed in patients
with significant tumor response included visible regressed tu-
mor, inflammation, giant cell reaction, and acellular keratin
(Figure 3, C and D). We observed considerable rates of PTR1
and PTR2 in both arms (PTR1: 38% with N, 40% with N+I; PTR2:
15% with N, 33% with N+I). Importantly, we also observed sev-

jamaoncology.com

eral cases of pathologic near complete (>90%) or complete re-
sponses—1inthe N cohort (8%), and 3 (20%) with N+L. Figure 3
demonstrates an example of striking clinical regression in a pa-
tient who presented with clinical T2NO disease involving the
right lateral tongue who had dramatic reduction in tumor bulk
visible on examination by the time of surgery, 15 days after cycle
1 treatment. Pathologic analysis revealed no evidence of re-
sidual invasive disease.

Following study treatment, adjuvant radiation therapy was
administered in 10 patients (34%), and chemoradiation therapy
with concurrent cisplatin in 9 (31%). One year progression-
free and overall survival rates were 85% (95% CI, 72.4%-
99.7%) and 89% (95% CI, 78.3%-100%), respectively (eFig-
ure 1in Supplement 2). One patient had a T1 recurrence in the
OC and another patient developed a second primary tumor
elsewhere in the OC. These lesions were subsequently re-
sected and both patients have had no further evidence of dis-
ease. Thus, at the time of data cutoff, 25 patients (86%) re-
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Figure 3. Clinical and Pathologic Features of Response

Posttreatment clinical image

@ Pretreatment clinical image

A, Pretreatment image shows

a cT2 squamous cell carcinoma of
the right oral tongue. B, Fifteen days
following cycle 1of preoperative
immunotherapy, image at the time of
surgery demonstrates near-complete
clinical regression of primary lesion
(no residual squamous cell carcinoma
identified on pathologic analysis).

C, Original magnification x200, and
D, original magnification x400
histopathologic images at the time

of surgery following neoadjuvant
immunotherapy in another patient
with a robust response demonstrate
evidence of robust T-cell infiltrate
with evidence of regressed tumor,
giant cell reaction, and acellular
keratin. C and D, Hematoxylin-eosin.

mained alive, without evidence of disease. Note that 1 patient
with clinical T4aN2b disease was offered nonsurgical therapy
owing to need for a total glossectomy and potential total
laryngectomy. This patient had evidence of 15% radiologic
tumor shrinkage that did not meet RECIST criteria for
response. Treatment was shifted to definitive cisplatin-
radiation and he demonstrated an early-on treatment re-
sponse followed by complete response on first restaging scan
findings (eFigure 2 in Supplement 2). He remained disease free
more than 34 months after presentation. In addition, the 1 pa-
tient who went to surgery early 7 days following cycle 1 owing
to concerns regarding clinical progression had evidence of lym-
phocyte infiltration and a 70% pathologic response at the pri-
mary tumor site. He developed distant metastatic disease to
thelung, mediastinum, and bone and was subsequently treated
with nivolumab monotherapy with evidence of a dramatic
near-complete response (eFigure 3 in Supplement 2) and has
remained in treatment for more than 14 months.

Biomarker and Correlative FDG-PET/CT Analyses

Twenty-five patients had pretreatment specimens evaluable for
immune marker analysis (N, n = 12; N+I, n = 13). The PD-L1 ex-
pression in tumor cells ranged from 0% to 91%. Five patients
(20%) had PD-L1 expression lower than 1%; 3 who were treated
in the Narm and 2 whoreceived treatment with N+1. There was

JAMA Oncology October 2020 Volume 6, Number 10

no significant difference in percent of PD-L1 expressing tumor
cells between arms (median 35% for N, 12% for N+I; P = .98).
Overall, PD-L1 expression was not correlated with volumetric
or pathologic response among the entire cohort (P = .29 and
P =.79), nor in the patients treated with nivolumab only (P = .42
and P = .44). We used multiplex immunofluorescence (MIF) to
identify specific cell populations that stained positive or nega-
tive for cytokeratin, CD8, CD4, PD-1, PD-L1, FOXP3, CTLA-4 and
GZMB as potential immune predictors of response to therapy
(eFigure 4 in Supplement 2). CD4-positive T-cells prior to treat-
ment was associated with degree of pathologic response in the
total population (P = .02) (eFigure 4 in Supplement 2). This as-
sociation was significant in the cohort of patients treated with
N+I (P = .008), but not N alone (P = .83).

Fluorodeoxyglucose PET/CT scans were performed after
neoadjuvant immunotherapy and prior to surgery, a median
of 14 days after therapy initiation (range, 6-20 days). De-
creased fluorodeoxyglucose-avidity in the primary lesion was
observed in 15 patients (52%), and 5 patients (83%) with PTR2
(P = .16). We also observed 14 of 15 patients with an increase
in fluorodeoxyglucose-avidity with SUV, ., of 3 or higher and
7 of 15 with SUV,,, of 6 or higher in the cervical lymph nodes
where neck dissection did not subsequently reveal patho-
logic lymph node involvement (eFigure 5 in Supplement 2) sug-
gestive of immunotherapy-induced effect.
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Discussion

Combined CTLA-4/PD-1 immune checkpoint inhibition has
demonstrated activity across multiple disease types includ-
ing melanoma, non-small cell lung cancer, renal cell carci-
noma, and patients with colorectal cancer with mismatch re-
pair-deficient tumors.'®-?2 In melanoma, combined treatment
with N+I was notably associated with particularly rapid and
deep tumor regression in some patients.223 A rapid and deep
tumor response may be of particular benefit in the neoadju-
vant setting, given a more limited window prior to surgery. This
benefit does come at the cost of an increased severe immune
toxic effects risk, a factor that was limiting in prior studies.’-2

In contrast, we observed that both N and N+I were gener-
ally well tolerated. Patients did not experience any delays to
surgery, and severe immune-related toxic effects were lim-
ited. The difference between these findings and the prior N+I
studies likely relates to the decreased dose of ipilimumab and
the limited cycles of neoadjuvant therapy administered, con-
sistent with more recent data in other histologic analyses.?*
Not unexpectedly, we did observe several cases of severe toxic
effects in both arms that manifested after surgery, highlight-
ing the importance of continued multidisciplinary follow-up.
We did not observe a concerning effect on surgical outcomes,
although larger studies are needed to more definitively indi-
cate that neoadjuvant immune checkpoint blockade does not
adversely affect surgical healing.

As was observed with preliminary results presented for
neoadjuvant pembrolizumab in patients with head and neck
squamous cell carcinoma (HNSCC),'® 2 cycles of neoadjuvant
nivolumab administered over a few weeks was associated with
significant rates of volumetric response, and clinical-to-
pathologic downstaging. In addition, we observed multiple pa-
tients with pathologic responses with N, including 1 near com-
plete tumor response. Additional cycles of therapy or more
prolonged time to resection likely would have led to more sig-
nificant tumor regression. We also conservatively limited our
pathologic response analysis to the primary tumor lesion,
which may underestimate the rate of response in involved
lymph nodes. Consistent with prior melanoma data, we ob-
served multiple responses including several pathologic near-
complete or complete responses with N+I—even though ipi-
limumab was administered at a lower dose for just a single
cycle. This study was not powered to demonstrate superior-
ity for N+I compared with N monotherapy, and we believe cau-
tion and vigilant safety monitoring is warranted in future stud-
ies investigating N+I in the neoadjuvant setting given the
potential for severe toxic effects and lack of proven benefit in
the metastatic setting, which could lead to an unfavorable risk-
to-benefit ratio with these agents.

Correlative studies confirmed both treatment arms were bal-
anced for baseline features such as tumor PD-L1 expression. We
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identified a significant correlation between CD4-positive
T-cells and pathologic response in patients in the N+I arm. This
exploratory finding should be further investigated in future stud-
ies to help better identify patients most likely to derive ben-
efits from a neoadjuvant immunotherapy approach. Patients
with oral squamous cell carcinoma historically have a poor prog-
nosis; therefore, these patients may derive more benefit from
aneoadjuvant immunotherapy strategy that could lead toa du-
rable antitumor immune response. We had 18 patients (62%)
with stage IV disease, and at a median follow-up of over 14
months, 25 patients (86%) were alive and disease free. How-
ever, larger confirmatory studies are needed to prove meaning-
ful clinical benefit, and whether patients with earlier-stage dis-
ease, such as those who were also eligible for the current study,
would benefit. There remains uncertainty regarding meaning-
ful surrogate end points in patients with HNSCC undergoing neo-
adjuvant immunotherapy. Our results anecdotally suggest the
potential significance of pathologic response. For example, it
is important that there was 1 patient for whom there was dis-
cordance prior to surgery between concerns regarding clinical
progression following a single cycle of treatment and a 70% re-
sponse seen during pathologic review. This patient demon-
strated a radiologic complete response to nivolumab adminis-
tered in the setting of metastatic disease, suggesting the original
clinical observations were indicative of pseudoprogression and
the degree of pathologic response observed was a true indica-
tor of sensitivity.

This study is the first neoadjuvant HNSCC study to report
sequential fluorodeoxyglucose-PET/CT examinations before
and after neoadjuvant immunotherapy. We observed a high rate
of increased fluorodeoxyglucose avidity within the cervical
lymph node regions that proved to be pathologically nega-
tive. These findings are consistent with the potential genera-
tion of an immune response and have ramifications for stud-
ies testing neoadjuvant immunotherapy—arguing against
adjusting the planned surgical approach or laterality of the neck
dissected based on postimmunotherapy scans.

Limitations

Limitations of our study include the absence of a validated end
point to establish a clinically meaningful response following neo-
adjuvant therapy, and limited follow-up. Assessment of major
pathologic response in the neoadjuvant setting for oral squa-
mous cell carcinoma is not well defined. We conservatively did
not assess pathologic responses in the lymph nodes—given that
pretreatment biopsies of lymph node metastases were not per-
formed and thus would be unavailable for comparison. How-
ever, we report the first neoadjuvant data for both Nand N+Iin
patients with oral squamous cell carcinoma. Both regimens were
tolerated with promising rates of response measured using clini-
cal, radiologic, pathologic, and biomarker end points, suggest-
ing an effective course of neoadjuvant immunotherapy may
engender immune responses that could be of benefit.
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