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SUMMARY
Oral cavity squamous cell carcinoma (OCSCC) is a prevalent surgically treated subset of head and neck can-
cer with frequent recurrence and poor survival. Immunotherapy has demonstrated efficacy in recurrent/met-
astatic head and neck cancer. However, whether antitumor responses could be fostered by neoadjuvant pre-
surgical immunotherapy remains unclear. Using a Simon’s two-stage design, we present results of a single-
arm phase-II trial where 12 patients with stage II-IVA OCSCC received 3 to 4 biweekly doses of 3 mg/kg ni-
volumab followed by definitive surgical resection with curative intent. Presurgical nivolumab therapy in this
cohort shows an overall response rate of 33% (n = 4 patients; 95%CI: 12%–53%). With a median follow up of
2.23 years, 10 out of 12 treated patients remain alive. Neoadjuvant nivolumab is safe, well-tolerated, and is
not associated with delays in definitive surgical treatment in this study. This work demonstrates feasibility
and safety for incorporation of nivolumab in the neoadjuvant setting for OCSCC (ClinicalTrials.gov:
NCT03021993).
INTRODUCTION

Oral cavity squamous cell carcinoma (OCSCC) is a tobacco-

related head and neck cancer that accounts for 350,000 new

cancer diagnoses and 170,000 fatalities worldwide.1 Treatment

of OCSCC often requires complex, multimodality therapy of sur-

gical resection followed by post-operative radiation with the

addition of platinum-based chemotherapy for patients at high
Cell Repo
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risk of failure.2,3 Despite these comprehensive strategies (and

in contrast to less aggressive human papillomavirus [HPV]-

related oropharyngeal cancers), OCSCC outcomes are poor,

and the disease recurs in 25%–50% of patients.4,5 Due to these

poor outcomes, different treatment regimens have been consid-

ered, including neoadjuvant chemotherapy. Unfortunately,

meta-analysis of induction chemotherapy prior to definitive sur-

gical or radiation therapy revealed only a modest reduction in
rts Medicine 2, 100426, October 19, 2021 ª 2021 The Author(s). 1
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Figure 1. Trial schema

Patients with surgically resectable, locoregionally

advanced oral cavity squamous cell carcinoma

(OCSCC) stage II-IVA underwent baseline clinical

and radiographic imaging and then received 3mg/

kg nivolumab every 2 weeks for 3 doses (green).

Repeat post-nivolumab clinical and radiographic

assessment between days 30 and 35 was then

performed. If there was disease progression

(red) by RECIST 1.1 criteria, patients proceeded

directly to surgery between days 36 and 42.

Conversely, if there was a response or stable

disease (blue), patients received a single 4th dose

of nivolumab 3 mg/kg on day 43 before proceed-

ing to surgery on day 50 to 56. Pathologic

response was determined by comparison of tumor

size on final pathologic evaluation compared to

tumor size on baseline radiographic imaging.

Article
ll

OPEN ACCESS
distant metastases and no improvement in locoregional control

or overall survival—therefore, it is not considered to be the stan-

dard of care.6

Recent advances have revealed that immunotherapies, like

programmed death 1 (PD-1) blockade, demonstrate benefits in

some cohorts of patients over traditional chemotherapy in recur-

rent and metastatic head and neck cancer.7,8 Therefore, while

neoadjuvant chemotherapies prior to surgery have not demon-

strated significant improvement in outcomes, perhaps neoadju-

vant immunotherapy could be beneficial for some patients. Head

and neck squamous cell carcinoma (HNSCC) demonstrates

among the highest immune infiltration of all solid tumors,9,10

has a high tumormutational burden,11,12 and expresses elevated

levels of PD-1 and its primary ligand PD-L1 within the

malignancy.13 It is therefore appealing to expand the clinical in-

dications for PD-1 blockade into larger subsets of head and neck

cancer patients, including patients with resectable disease, at an

earlier point in disease progression.

Neoadjuvant immunotherapy for surgically resectable OCSCC

is expected to reduce tumor burden and generate anti-tumor im-

munity, thereby improving long-term clinical outcomes.14 Suc-

cess of this strategy is predicted based on the emerging results

of presurgical PD-1 inhibition in similarly immunogenic tumors

such as melanoma15 and lung cancer.16 A single pre-operative

dose and adjuvant pembrolizumab for high-risk HPV-unrelated

HNSCC is associated with a pathologic tumor response

(pTR) >10% in 44% of patients, with pTR defined as the propor-

tion of the resection bed with tumor necrosis, keratinous debris,

and giant cells/histocytes.17 A subsequent study investigating

neoadjuvant nivolumab or nivolumab plus ipilimumab reports

volumetric response rates of 50% or 53%, respectively, with

volumetric response defined as any reduction in tumor size

(which may increase the response rate).18 Neither trial compares

clinical or radiographic tumor response to pathologic

response.17,18 Other preliminary trials show evidence of patho-

logical response to neoadjuvant pembrolizumab,19 with addi-

tional cycles of immunotherapy prior to surgery associated

with better responses.20 Therefore, these early reports concur

on the potential of neoadjuvant immunotherapy to benefit at

least some HNSCC patients.
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We designed a Simon two-stage, phase-II, single-arm clinical

trial (Figure 1) of neoadjuvant nivolumab (anti-PD-1 monoclonal

antibody) before surgical resection in stage II-IVA OCSCC.

Upon enrollment, patients received nivolumab every two weeks

for a total of three doses prior to interval radiographic evaluation.

In the event of disease progression, patients received definitive

surgical resection. If stable disease or response was observed,

patients received a 4th dose of nivolumab followed by definitive

surgical resection (see STAR Methods). This trial incorporated

a pathology-enhanced RECIST with a primary endpoint of objec-

tive response rate (ORR) defined as pathologic complete

response + pathologic partial response (>30% reduction in tu-

mor size).21,22 Results from this trial reported herein corroborate

emerging literature demonstrating the potential of neoadjuvant

immunotherapy to instill response and survival benefit in sub-

groups of HNSCC patients and provided longitudinal tissues

for in-depth molecular analysis to nominate mechanisms of

response, resistance, and post-surgical recurrence.23

RESULTS

Patient characteristics
Beginning April 2017 through April 2020, 14 patients enrolled and

received at least 1 dose of nivolumab. Two additional patients

were enrolled but came off the study prior to receiving any nivo-

lumab. For inclusion in the efficacy analysis, patients were spec-

ified to receive at least 2 doses of nivolumab (see Protocol sec-

tion 11.1.2 in Methods S1). One (patient 8) experienced

treatment delay due to hospitalization for dehydration between

his 1st and 2nd dose of nivolumab that resulted in significant dis-

ease progression; therefore, he was removed from the trial and

proceeded directly to surgical resection. This patient was not

included in the study analysis per trial protocol. One (patient

11) received 4 doses of nivolumab and demonstrated a clinical

response, but this patient was lost to follow-up prior to surgery

and was not included in the analysis. One patient (patient 16)

received only 2 doses of nivolumab prior to surgery, due to

research restrictions during the COVID-19 outbreak, to prevent

any delay to surgery. This patient was included in the analysis

per trial protocol. All remaining patients received either 3 or 4



Table 1. Enrollment patient characteristics stratified by

response group

All patients (n = 12)

Age, years mean ± SD 64 ± 8.0

median (range) 62 (48–78)

Gender (%) male 5 (42)

female 7 (58)

Smoking status (%) current 6 (50)

former 3 (25)

never 3 (25)

Alcohol use (drinks/week) mean ± SD 13.2 ± 27.4

median (range) 5.5 (0–98)

ECOG status 0 5 (42)

1 7 (58)

T stage (%) T2 3 (25)

T3 3 (25)

T4a 6 (50)

N stage (%) N0 4 (33)

N1 4 (33)

N2b 2 (16)

N2c 2 (16)

Clinical stage (%) II 3 (25)

III 1 (8)

IVA 8 (67)

Tumor size

(greatest dimension), cm

mean ± SD 3.6 ± 1.1

median (range) 3.1 (2.1–5.4)

Histologic grade well 1 (8)

mod to well 1 (8)

moderate 5 (42)

mod to poor 3 (25)

poor 1 (8)

spindle 1 (8)
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doses of nivolumab and curative-intent surgical resection. We

did not observe substantial differences between eventual re-

sponders and non-responders in their baseline characteristics

(Table 1).

Safety and feasibility
As per trial protocol, adverse events were monitored on patients

throughout treatment and up to at least 100 days following the

final dose of treatment. Nivolumab was well-tolerated with no

grade 4 adverse events (AEs) (Table 2). One grade 3 AE of pain

was reported in patient 16, which was resolved and deemed un-

related to treatment. 12 patients experienced a total of 67 grade

1 to 2 AEs, which included fatigue, nausea, diarrhea, oral pain

and non-oral pain, rash/psoriasis, myalgia, constipation, cough,

creatinine increase, dyspnea, back spasm, and hypertension

(Table 2; Table S1). The most common AEs reported included

constipation (n = 7; 58%), oral pain (n = 5; 42%), non-oral pain

(n = 5; 42%), and weight loss (n = 4; 33%). Of AEs ‘‘possibly’’

or ‘‘definitely’’ related to treatment, fatigue, myalgia, nausea,

diarrhea, and rash were each reported in 17% of patients
(n = 2) (Table 2). At least one AE ‘‘possibly’’ or ‘‘definitely’’ related

to treatment was experienced in 100% of responders (n = 4),

75% of non-responders (n = 3), and 25% of patients with stable

disease (n = 1). There were no dose reductions, study with-

drawals, or delays in definitive surgery due to AEs.24 Treatment

interruption was required in only 1 patient (patient 16) due to

COVID-19 shutdowns, though this patient was still able to

receive 2 doses of nivolumab. All other patients (11 of 12)

received either 3 or 4 doses according to the study design (Fig-

ure S1). Median (range) time from 1st nivolumab dose to surgery

was 40 days (38–41) for those receiving three doses (n = 6) and

52 days (47–55) for those receiving four doses (n = 5), whichwere

all within the predefined ranges to avoid delay of surgical

resection. Time from 1st nivolumab dose to surgery was

27 days for the 1 patient receiving 2 doses. Negative margins

(1 close) were achieved in all patients.
Efficacy
Of the 12 enrolled patients eligible for efficacy analysis, 4

had >30% response (33.3%, 95% CI: 12%–53%), 4 had stable

disease (33.3%), and 4 had progression of their disease

(33.3%) resulting in an ORR of 33.3% (95% CI: 12%–53%) (Fig-

ure 2). There were no complete pathologic responses.

Based on the trial design, clinical response on radiographic

imaging following the 3rd dose of nivolumab was used to deter-

mine which patients received a 4th dose prior to surgery. We

sought to evaluate the validity of this design. Neither initial tumor

size (Figures S1A and S1B) nor tumor size following dose 3 (Fig-

ures S1C and S1D) correlated with ultimate pathologic response

to treatment. However, changes in tumor size from enrollment to

interval imaging after 3 doses of nivolumab (‘‘clinical response’’)

were associated with ultimate response to treatment (‘‘surgical-

pathologic response’’) (Figure S2A). That is, all patients that

eventually had a pathologic response demonstrated clinical

reduction in tumor size on interval scan, and those with patho-

logic stable or progressive disease had no change or increased

tumor burden on interval scan (Figure S2A). A positive correlation

between clinical response on interval presurgical imaging and

final pathologic response was identified (Figure S2B; r = 0.745;

p = 0.011). Note that patient 16, who received only 2 doses,

did not have an interval scan due to the impact of COVID-19

on clinical research at our institution and thus was excluded

from this specific analysis.

At median follow-up of 2.23 years (0.43–3.32), 10 of 12 pa-

tients were alive (thus a median overall survival [OS] was not

reached) (Figure 3A), and 7 patients remained recurrence-free.

All responders or patients with stable disease remain alive, while

2 of 4 progressors have died of disease (Figure 3B). Median dis-

ease-free survival was 3.2 years overall (Figure 3C). By response

category, median disease-free survival was 1.9 years, not

reached, and 2.1 years for responders, stable disease, and

non-responders, respectively (Figure 3D). 9 (75%) patients un-

derwent adjuvant radiation (radiation was recommended but

refused by patients 2, 14, and 16). 2 patients (17%) had the addi-

tion of concurrent adjuvant chemotherapy for extra-nodal exten-

sion (patients 4 and 12). Median (range) time to start of adjuvant

treatment following surgery was 41 days (14–48). 2 patients
Cell Reports Medicine 2, 100426, October 19, 2021 3



Table 2. Adverse events in study participants

All events ‘‘Definitely’’ or ‘‘possibly’’ related to nivolumab

No. (%), n = 12 patients

Characteristic Grades 1 and 2 Grades 3 and 4 Grades 1 and 2 Grades 3 and 4

Constipation 7 (58) 0 (0) 1 (8) 0 (0)

Pain (non-oral) 5 (42) 1 (8) 1 (8) 0 (0)

Oral pain 5 (42) 0 (0) 0 (0) 0 (0)

Weight loss 4 (33) 0 (0) 0 (0) 0 (0)

Fatigue 3 (25) 0 (0) 2 (17) 0 (0)

Myalgia 2 (17) 0 (0) 2 (17) 0 (0)

Oral mucositis/dry mouth/

dysphagia

2 (17) 0 (0) 0 (0) 0 (0)

Nausea 2 (17) 0 (0) 2 (17) 0 (0)

Diarrhea 2 (17) 0 (0) 2 (17) 0 (0)

Hypokalemia 2 (17) 0 (0) 0 (0) 0 (0)

Painful swelling 2 (17) 0 (0) 0 (0) 0 (0)

Loss of appetite 2 (17) 0 (0) 0 (0) 0 (0)

Rash 2 (17) 0 (0) 2 (17) 0 (0)

Muscle stiffness 1 (8) 0 (0) 0 (0) 0 (0)

Numbness of tongue 1 (8) 0 (0) 0 (0) 0 (0)

Cough 1 (8) 0 (0) 0 (0) 0 (0)

Neck stiffness 1 (8) 0 (0) 0 (0) 0 (0)

Actinic keratosis 1 (8) 0 (0) 0 (0) 0 (0)

Creatinine increase 1 (8) 0 (0) 1 (8) 0 (0)

Dyspnea 1 (8) 0 (0) 1 (8) 0 (0)

Thrush 1 (8) 0 (0) 0 (0) 0 (0)

Papilloma 1 (8) 0 (0) 0 (0) 0 (0)

ALT increase 1 (8) 0 (0) 0 (0) 0 (0)

Back spasms 1 (8) 0 (0) 1 (8) 0 (0)

Hypertension 1 (8) 0 (0) 1 (8) 0 (0)

Surgical site infection 1 (8) 0 (0) 0 (0) 0 (0)

Anxiety 1 (8) 0 (0) 0 (0) 0 (0)

Hearing impairment 1 (8) 0 (0) 0 (0) 0 (0)

Hypomagnesemia 1 (8) 0 (0) 0 (0) 0 (0)

Hypercalcemia 1 (8) 0 (0) 0 (0) 0 (0)

Facial edema 1 (8) 0 (0) 0 (0) 0 (0)

T8 compression deformity 1 (8) 0 (0) 0 (0) 0 (0)

Insomnia 1 (8) 0 (0) 0 (0) 0 (0)
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(22%) had delays in commencement of adjuvant radiation treat-

ment beyond 6 weeks,25 due to patient preference.

Post-surgical recurrences
Up to a data cutoff of February 23, 2021, there was a total of 8

recurrences in 5 patients (Figure 2; Table S1). Patient 1 devel-

oped regional metastasis in the contralateral neck 5months after

surgical resection; this recurrence was treated with neck dissec-

tion and chemoradiation. This patient had not received contralat-

eral neck dissection during her on-trial surgery, and the

contralateral neck was not included in the post-operative radia-

tion field. This same patient subsequently developed distant

metastasis to the lung 1 year after on-trial surgery that was
4 Cell Reports Medicine 2, 100426, October 19, 2021
treated with stereotactic radiation therapy. This patient then

developed local and regional recurrence and was treated with

maxillectomy and lateral pharyngectomy. Patient 2 developed

a local recurrence 3.29 years after enrollment and underwent a

subtotal glossectomy. Patient 4 developed regional metastasis

to the contralateral neck 9 months after on-trial surgery, despite

having received post-operative platinum-based chemotherapy

and radiation (including the contralateral neck). This patient

was treated with neck dissection and adjuvant chemoradiation

but subsequently developed a 2nd large surgical site recurrence

and passed away 12 months after on-trial surgery. Patient 6 had

a first local recurrence 2 years after enrollment and underwent a

composite resection with segmental mandibulectomy followed



Figure 2. OCSCC response to neoadjuvant presurgical nivolumab

Waterfall plot of pathologic response (percentage change from baseline im-

aging to pathologic evaluation) to neoadjuvant nivolumab (33% response rate).

Dashed lines indicate RECIST 1.1 cutoffs for progression (>20% change, red

bars), stable disease (+20% to�30%change, gray bars), and response (>30%

reduction, blue bars). There were no significant differences in baseline char-

acteristics between responders and non-responders (see also Table 1).

ECOG, Eastern Cooperative Oncology Group; AJCC, American Joint Com-

mittee on Cancer Clinical Stage; LRR, locoregional recurrence; DM, distant

metastasis.

Article
ll

OPEN ACCESS
by adjuvant re-irradiation. This patient developed 2nd local recur-

rence 2 months following completion of adjuvant re-irradiation

and received chemotherapy given the short disease-free inter-

val; this patient has responded well to chemotherapy and is

currently alive with evidence of disease. Finally, patient 7 devel-

oped local recurrence at the posterior margin of the surgical site

in the oropharynx 7 months after on-trial surgery; this recurrence

was treated with chemoradiation. On-trial surgery was noted to

have a close margin at this site (0.3 cm) on surgical pathology,

and this patient is now deceased from disease.
Immunologic evaluation
In a responder, decrease in tumor size on clinical and radio-

graphic imageswas associated withmarked lymphoid infiltration

on hematoxylin and eosin staining of the surgical specimen (Fig-
ure 4A), compared to tumor progression and muted lymphoid

infiltration (Figure 4B) in a non-responder. To further evaluate

the immune infiltration in responding versus non-responding pa-

tients, we performed multiplexed immunofluorescence of post-

treatment surgical specimens (Figure 5). A representative

interface of tumor tissue, identified by cytokeratin expression,

is presented from the most responsive tumor (from patient 9)

(Figures 5A and 5B) and the most progressive tumor (from pa-

tient 4) (Figures 5C and 5D). In the responding tumor, minimal

PD-L1 staining was noted to coincide with the remaining cyto-

keratin areas, while robust CD4+ and CD8+ infiltrates were

observed in the surrounding tissue with scant FoxP3+ expres-

sion in the infiltrative cells (Figure 5B). In contrast, in the progres-

sive tumor, PD-L1 markedly overlapped with cytokeratin across

approximately 50% of the whole-slide tissue (Figure 5C). While

CD4+ and CD8+ T cell infiltrates were present in the surrounding

tissue, relatively few of these lymphocytes overlapped with the

PD-L1/cytokeratin staining, where a more exuberant

FoxP3+CD4+ population was present (Figure 5D).

DISCUSSION

We report here a phase-II trial of neoadjuvant nivolumab for

OCSCC, which yielded a meaningful ORR of 33%. Treat-

ment was well-tolerated, with only one grade 3 AE, which

resolved, and no grade 4 AEs. There were no delays in

definitive surgery and therefore no deviations from the cur-

rent standard of care. This identified response rate sur-

passed the total number of responders (n = 2) required to

consider this a positive trial based on a priori statistical con-

siderations of the Simon two-stage design. Due to the initial

trial design, limited tissue availability prior to treatment pre-

cluded robust evaluation of PD-L1 expression as a predic-

tive biomarker of response to therapy. Follow-up analysis

revealed that partial response and stable disease appear

to correlate with an improved overall survival. Although

these findings need to be interpretated with caution, they

corroborate results from previous immunotherapeutic win-

dow of opportunity trials.17,18 Our work provides additional

rationale to execute larger randomized clinical trials to

this disease setting, such as the ongoing phase-III

trial evaluating pembrolizumab as a neoadjuvant/adjuvant

agent relative to no neoadjuvant therapy and adjuvant

standard of care radiotherapy/chemotherapy (ClinicalTrials.-

gov: NCT03765918). This trial also generated longitudinal

tissues that have been analyzed deeply to provide molecular

and immune insights into the reported response, relapse,

and survival patterns.23

Importantly, clinical response as determined by re-imaging at

week 4 to 5 (after three doses of nivolumab) predicted patients

that ultimately had a pathologic response. This technique of

comparing radiographic response to pathologic is used

frequently in other solid tumors including breast and colon can-

cer, where neoadjuvant therapy is the standard of care.22,26 The

ability of radiography to predict pathologic response in these

OCSCC patients was unique compared to analogous immuno-

therapy studies in other solid tumors,16,27 where change in tumor

size on interval imaging was inconsistent with the final
Cell Reports Medicine 2, 100426, October 19, 2021 5
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Figure 3. Overall survival and disease-free survival (DFS) in OCSCC patients treated with neoadjuvant nivolumab

(A and B) Overall survival for (A) all patients and (B) by response category displayed. Median overall survival for all patients, responders, or patients with stable

disease was not reached, while median OS for progressors was 1.17 years.

(C andD) DFS for (C) all patients or (D) by response category. Median overall DFSwas 3.26 years, while DFS for responders was 1.9 years, for progressors was 2.0

years, and was unreached for patients with stable disease.

n = 12 patients; n = 4 with partial response, 4 with stable disease, and 4 with progressive disease. Tick marks indicate censored data.
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pathological response. Theoretically, this incongruity can be

attributed to transient and unpredictable immune infiltration

and inflammation of the tumor, so-called ‘‘pseudoprogression.’’

However, reported rates of pseudoprogression are generally

lower in head and neck cancer,27 which is corroborated by our

findings.

Multiplexed imaging of the post-treatment surgical specimens

in our best responding patient (patient 9) relative to the worst

progressing patient (patient 4) revealed striking differences at

the tumor/immune interface. Both patients demonstrated signif-

icant infiltration of CD4+ and CD8+ T cells, suggesting that the

presence of immune cells themselves was not a limiting factor

for response. However, the responding patient’s post-treatment

surgical tumor sample showed minimal overlap of PD-L1 stain-

ing with tumor cells, in contrast to high intensity PD-L1 staining

coinciding with tumor marker staining in the non-responder.

While CD4+ and CD8+ T cells overlapped with tumors in the

responder, relatively fewer immune cells but more T regulatory

cells (FoxP3+CD4+) were present in cytokeratin+ areas in the

non-responder, who went on to relapse and die of disease.

Future investigations in a comprehensive cohort will be impor-
6 Cell Reports Medicine 2, 100426, October 19, 2021
tant to validate and understand these histologic differences as

mechanisms of response or relapse.

Notably, 5 patients recurred, including 2 responders and 3

non-responders, which resulted in a 41% relapse rate in our pa-

tient population over the total follow-up period. Our relapse rate

at 1 year following enrollment was 3 out of 12 patients, or 25%,

which is comparable to a prior report of a 16.7% incidence of

relapse after 1 year in high-risk patients treated with neoadjuvant

pembrolizumab.17 Our patients who are deceased since the

commencement of the study were not responsive to neoadju-

vant anti-PD-1 therapy. These findings highlight the urgent

need to understand mechanisms of response to anti-PD-1 ther-

apy as well as biomarkers that will identify patients likely to

benefit in order to most appropriately incorporate immuno-

therapy into treatment plans.

Two of the recurring patients developed regional lymph node

disease in the contralateral neck. The decision to treat the

contralateral neck up front (with surgery or radiation) is contro-

versial in OCSCC, and practices vary by institution. Reported

rates of recurrence in the untreated contralateral neck are

�5% and even lower when this neck is treated.28 A past concern
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Figure 4. Clinical, radiographic, and pathologic features of response

and progression after neoadjuvant nivolumab in OCSCC

(A) Patient 6 had a right gingivobuccal sulcus lesion, which measured 4.3 cm

on initial imaging (left), This tumor decreased in size visually (upper right) and

radiographically (to 3.6 cm; lower right) on interval evaluation following nivo-

lumab. The lesion had decreased to 3.0 cm at surgical resection, consistent

with partial response. Hematoxylin and eosin (H&E) stain on surgical pathology

indicating invasive squamous carcinoma with marked acute and eosinophilic

inflammatory response. 203magnification for the top image, scale bar, 50 mM;

403 magnification for the bottom image, scale bar, 20 mM.

(B) Patient 3 had a right floor of mouth/alveolar ridge lesion measuring 3.2 cm

on initial imaging (left) which increased to 3.7 cm on interval evaluation

following nivolumab (right) and was 4.2 cm at surgical resection, consistent

with progression. H&E stain on surgical pathology demonstrates tentacular

stands of the squamous cell carcinoma with deficient inflammation. 203

magnification for the top image, scale bar, 50 mM; 403 magnification for the

bottom image, scale bar, 20 mM. UL, upper lip; LL, lower lip; OT, oral tongue;

TD, tongue depressor; AR, alveolar ridge. Arrow indicates tumor.
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with pre-surgical treatments was how to approach the surgical

margins in responders, i.e., whether the margins should be

planned around the pre- or post-therapy tumor. Though all mar-

gins were negative in this study, there was 1 close margin which

associated with a local recurrence in 1 patient. Cancer cells likely

persist at the invasivemargin even in responders. Therefore, until

this is explicitly investigated, the most prudent strategy should

be to plan resection based on the margins of the untreated tu-

mor, relying on training and experience to make appropriate

intra-operative decisions regarding the extent of resection.

Although the current sample size is small, our recurrence rate

warrants close monitoring of these metrics moving forward. Re-
currences in the clinical trial setting here, where all patients were

discontinued on nivolumab after in-trial surgery, cannot be

considered true acquired resistance. Thus, in addition to the

aforementioned issue of surgical margins, another possible

contributor to clinical relapse may be inadequate CD8+ T cell

rejuvenation by a limited number of neoadjuvant nivolumab

doses or inadequate functional persistency of tumor-specific/

cytotoxic T cells due to exhaustion. The former scenario sug-

gests the value of adjuvant anti-PD-1 therapy, whereas the latter

implies combinatorial neoadjuvant immunotherapy to thwart or

minimize T cell exhaustion.

Prior trials of neoadjuvant chemotherapy in patients with head

and neck cancer have failed to show survival benefits.6 The

findings reported here, showing significant rates of anti-tumor

activity via PD-1 blockade in the neoadjuvant setting, warrant

consideration and evaluation of neoadjuvant immunotherapy

for improving surgical outcomes long term. Immunotherapy is

increasingly being combined in innovative ways with traditional

treatment modalities including surgery and radiation, and we

provide key evidence of activity for PD-1 immune-checkpoint

blockade prior to surgery specifically for patients with oral cavity

cancer. This therapeutic approach demonstrates an encour-

aging 33%ORR and is a safe and feasible modality in the overall

management plan. Future investigations to determine predictive

biomarkers of response are critical to stratify patients likely to

benefit from neoadjuvant anti-PD-1 therapy.

Limitations of study
First, the small number of patients limits the broad applicability of

our findings and their long-term implications for similar patients.

Additionally, the single-arm design of our study precludes con-

trol group comparison. We enrolled a total number of 16 patients

but were able to evaluate only 12 patients for efficacy endpoints.

A further limitation is that patient 8, a rapid progressor after

only a single dose of nivolumab, was excluded from the primary

trial analysis following the original trial protocol. At the time of

study registration, there was concern that patients may come

off the study early because neoadjuvant therapy is not the stan-

dard of care for oral cancer. It was hypothesized at that time that

a single dose of nivolumab would not be able to demonstrate a

meaningful response, as there were no published studies ad-

dressing this. Therefore, the inclusion of this patient in the

response outcome would be considered a statistical ad hoc

analysis which detracts from the prospective nature of the study.
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Figure 5. Immunological features of responsive and progressive tumors after neoadjuvant nivolumab

(A and B) Surgical specimen from patient 9, who experienced the greatest reduction in tumor size post nivolumab, was evaluated to characterize immune infiltrate

by Vectra Polaris. Focus on cytokeratin regions revealed limited PD-L1 expression, with high levels of CD8+ and CD4+ but low FoxP3+ infiltrates. (A) 103, ruler,

100 mM and (B) 203, ruler, 50 mM.

(C andD) Surgical specimen from patient 4, who represents themost rapid progressor, was analyzed for immune infiltration. Multiplexed imaging indicated robust

PD-L1 staining across 50% of the pathologic section corresponding with cytokeratin+ cells, with higher FoxP3+ infiltrates and evident immune exclusion from

tumor areas relative to non-tumor regions. (C) 43, ruler, 200 mM and (D) 203, ruler, 50 mM. Magnification on Phenochart analysis software.
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KEY RESOURCES TABLE
Reagent or Resource Source Identifier

Antibodies

CD4 (SP35) Cell Marque Cat# 104R-1: RRID: AB_1516770

CD8 (SP16) Cell Marque Cat# 108R-1: RRID:AB_2892088

Foxp3 (236A/E7) Abcam Cat# ab20034: RRID:AB_445284

PDL1 (E1L3N) Cell Signaling Cat# 13684: RRID:AB_2687655

cytokeratin (AE1/AE3) Dako Cat# GA05361-2: RRID:AB_2892089

Reagent

EDTA buffer (pH 9) Agilent/Dako Cat# S2367

Citrate buffer (pH 6) Roche Cat# 980-223

ProLong Gold Antifade Reagent ThermoFisher Cat# P36934

Opal 480 Akoya Biosciences Cat# FP1500001KT:

Opal 520 Akoya Biosciences Cat# FP1487001KT

Opal 570 Akoya Biosciences Cat# FP1488001KT

Opal 690 Akoya Biosciences Cat# FP1497001KT

Opal 780 Akoya Biosciences Cat# FP1501001KT

Software

Prism https://www.graphpad.com/scientific-

software/prism/

v9

inForm https://www.akoyabio.com/phenoptics/

software/inform-tissue-finder/

v2.4.10

Instruments

Vectra� Polaris Automated Imaging System Akoya Biosciences N/A

Ventana Discovery Ultra Automated

Research Stainer

Roche N/A
RESOURCE AVAILABILITY

Lead contact
Further information and requests should be directed to the lead contact, David Neskey (neskey@musc.edu).

Materials availability
This study did not generate new unique reagents.

Data and code availability
All data reported in this paper will be shared by the lead contact upon request. This paper does not report original code. Any addi-

tional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Patients
Eligible patients were 18-years old or older and had newly diagnosed histologically proven HPV-negative OCSCC. There could be no

evidence of distant metastasis at enrollment. See Table 1 for specific patient demographic information. Primary tumors were required

to be American Joint Committee on Cancer (AJCC) 7th Edition T stage 2-4a to ensure response to therapy could be accurately

assessed clinically and radiographically. Patients were required to be Eastern Cooperative Oncology Group (ECOG) performance

status of 0 or 1. Key exclusion criteria were T1 or unresectable tumor, prior non-surgical treatment (immunotherapy, chemotherapy

including cetuximab, or radiation therapy), and active autoimmune disorder or infectious disease. Study data were collected and
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managed using REDCap electronic data capture tools hosted at the Medical University of South Carolina.29 REDCap (Research

Electronic Data Capture) is a secure, web-based application designed to support data capture for research studies, providing 1)

an intuitive interface for validated data entry; 2) audit trails for tracking datamanipulation and export procedures; 3) automated export

procedures for seamless data downloads to common statistical packages; and 4) procedures for importing data from external

sources.

Study design
Conducted at a single institution, this was a single-arm, investigator-initiated study (NCT03021993, Figure 1). A Simon two-stage

design was employed,30 with an initial recruitment of 9 patients in stage one and an additional 8 patients in stage 2 (see Study Pro-

tocol inMethods S1). Enrolled patients underwent baseline clinical and radiographic evaluation and initial pathologic diagnosis within

14 days of study registration. Clinical evaluation included standard flash or endoscopic photography of the primary tumor. Radio-

graphic analysis included computed tomography (CT) of the head and neck. Radiographic tumor size was defined as the greatest

cross-sectional dimension of the tumor on the enrollment imaging study and post-treatment size was the greatest cross-sectional

dimension of the tumor on surgical pathology.

Upon enrollment, patients received a 3 mg/kg dose of nivolumab intravenously every two weeks for a total of three doses prior to

interval radiographic evaluation between study days 28-35. In the event of disease progression (any increase in tumor burden or

symptom progression), patients were taken for definitive surgical resection between days 36-42. In the event of stable disease

(no change in tumor burden or symptoms) or response (reduction in tumor burden and symptoms), patients received a 4th dose

of nivolumab on day 43+/�1 followed by definitive surgical resection on day 50-56. This dosing schedule was chosen to fit within

the standard of care timing between diagnosis and surgical resection to prevent delays in care.

Tumor responses on interval imaging were evaluated by averaging measurements of two radiologists blinded to the patient history

and each other’smeasurements (SS andMVS) based onResponse Evaluation Criteria in Solid Tumors (RECIST) criteria version 1.1.21

Tumor pathologic analysis was performed with standard hematoxylin and eosin (H&E) staining. Resection of the primary tumor and

draining lymph nodes along with recommendation for adjuvant radiotherapy or chemotherapy were based on National Comprehen-

sive Cancer Network (NCCN) guidelines.31 All patients weremonitored for adverse events (AE) according to the National Cancer Insti-

tute Common Terminology Criteria for Adverse Events version 4.0 (2010).

The primary endpoint was objective response rate defined as pathologic complete response + pathologic partial response.21 Par-

tial response was defined as > 30% reduction in maximum tumor diameter in the surgical specimen compared to the single greatest

tumor dimension on pretreatment radiographic measurement.22 Secondary endpoints included safety and feasibility. Efficacy anal-

ysis was confined to patients who received at least two doses of nivolumab was due to concern that patients would come off study

independent of tumor progression or toxicity but because neoadjuvant therapy is not the standard of care for oral cavity squamous

cell carcinoma. For more details regarding study design see full clinical trial protocol (Methods S1).

Study oversight
Institutional review board and protocol review committee approvals at theMedical University of South Carolina were obtained prior to

initiation of the study. The authors attest to their sole ownership of the trial design, data analysis, and drafting of the manuscript. The

study was supported (with drug and funding) by Bristol-Myers Squibb; they played no role in the collection or analysis of the results.

METHOD DETAILS

Tumor histology and multiplex immunohistochemistry
Hematoxylin and eosin (H&E) stained slides were scanned using the Vectra� Polaris Automated Imaging System at 20X (Akoya Bio-

sciences, Marlborough, MA). These slides were assessed for tumor type/differentiation and for cellularity by a surgical pathologist

(MSR), and imageswere captured using Phenochart whole slide contextual viewer software in regions of interest (Akoya Biosciences,

Marlborough, MA).

For multiplex immunohistochemistry, unstained slides with 4-5 mm sections of FFPE tissue were deparaffinized and stained using

the Roche Ventana Discovery Ultra Automated Research Stainer (Roche Diagnostics, Indianapolis, IN). Heat-induced epitope

retrieval was performed in EDTA buffer pH 9 (Cat# S2367 Agilent/Dako Santa Clara, CA) for 32min at 100�C, and endogenous perox-

idase was blocked with a hydrogen peroxide solution after incubation of the first primary antibody. Optimized multiplex immunoflu-

orescence was performed using the OPAL multiplexing method based on Tyramide Signal Amplification. Antibodies used included

CD4 (Cell Marque, clone SP35, 1:100), CD8 (Cell Marque, clone SP16, 1:300), FOXP3 (Abcam, clone 236A/E7, 1:600), PD-L1 (Cell

Signaling Technologies, clone E1L3N, 1:200), and pan-cytokeratin (Dako, clone AE1/AE3, 1:100), as detailed in the Key Resources

table. Fluorescence signals were generated using the following Akoya OPAL TSA fluorophores: OPAL 480, OPAL 520, OPAL 570,

OPAL 690, and OPAL 780 (Akoya Biosciences, Marlborough, MA), and nuclei were visualized with DAPI counterstaining. Slides

were incubated in citrate buffer pH 6 (Cell Conditioning Solution (CC2) Cat. #980-223, Roche Diagnostics) between each sequential

antibody staining step at 90�C to remove the previous primary and secondary antibody complexes. Multiplex-stained slides were

mounted with ProLong Gold Antifade Reagent (Cat. # P36934, ThermoFisher) and scanned at a 20x magnification using the Vectra�
Polaris Automated Imaging System (Akoya Biosciences, Marlborough, MA). Whole slide scans were reviewed, and images were
e2 Cell Reports Medicine 2, 100426, October 19, 2021
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captured using Phenochart whole slide contextual viewer software in regions of interest (Akoya Biosciences, Marlborough, MA).

Spectral unmixing and elimination of autofluorescence was performed using the inForm� Software v2.4.10 (Akoya Biosciences,

Marlborough, MA). Captured images were exported in TIFF format.

QUANTIFICATION AND STATISTICAL ANALYSIS

The full study used a Simon two-stage designwith a null hypothesis of 2% for overall response rate and an alternative of 25%.With an

alpha of 4% and power of 91%, the null hypothesis was rejected if two or more of 17 patients responded. Response rates were esti-

mated with a 95% confidence interval with statistical inference for shortened phase II study based on the Simon two-stage design.32

A single patient responding in the first 9 was considered sufficient evidence to progress into stage 2 in the absence of untoward AEs.

The rate of grade 3-4 AEs was predicted to be < 5%, and the trial would have been stopped if there was strong evidence (a likelihood

ratio > 4 based on the binomial distribution) that the rate of grade 3-4 AEs was 25% or higher. Reported p values are two-sided and

significant if < 0.05. Continuous variables are compared between response categories using the Kruskal-Wallis test. Continuous

bivariate relationships were determined using Spearman’s rank correlation.

ADDITIONAL RESOURCES

Description: https://clinicaltrials.gov/ct2/show/NCT03021993.
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