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ABSTRACT
Background Checkpoint inhibitors targeting 
programmed death receptor-1 (PD-1) have been 
tested in the neoadjuvant setting for the treatment of 
locoregionally advanced head and neck squamous 
cell carcinoma (HNSCC); however, response rates are 
modest. We hypothesized that adding stereotactic body 
radiation therapy (SBRT) to anti- PD-1 would be safe 
prior to definitive surgical resection and would enhance 
pathological response compared with historical cohorts of 
patients with locoregionally advanced HNSCC treated with 
checkpoint inhibitor alone.
Methods The Neoadjuvant Immuno- Radiotherapy Trial 
was an investigator- initiated single institution phase 
Ib clinical trial that enrolled patients with previously 
untreated locally advanced HPV- positive and HPV- negative 
HNSCC between 2018 and 2019. Eligible patients were 
treated with neoadjuvant SBRT at a total dose of either 
40 Gy in 5 fractions or 24 Gy in 3 fractions, delivered in 
a 1- week timespan, with or without nivolumab, prior to 
definitive surgical resection. Patients were then planned 
for treatment with adjuvant nivolumab for 3 months. The 
primary safety endpoint was unplanned delay in surgery 
considered to be at least possibly related to neoadjuvant 
treatment. The primary efficacy endpoints included 
pathological complete response (pCR), major pathological 
response (mPR), and the rate of clinical to pathological 
downstaging after neoadjuvant treatment.
Results Twenty- one patients underwent neoadjuvant 
treatment, which was well tolerated and did not delay 
surgery, thus meeting the primary endpoint. Tissue 
responses were characterized by robust inflammatory 
infiltrates in the regression bed, plasma cells and 
cholesterol clefts. Among the entire study group, the mPR 
and pCR rate was 86% and 67%, respectively. Clinical to 
pathological downstaging occurred in 90% of the patients 
treated.
Conclusion These data demonstrate that radiation 
delivered only to the gross tumor volume combined with 

immunotherapy was safe, resulted in a high rate of mPR 
and should be further evaluated as a locally focused 
neoadjuvant therapy for patients with head and neck 
cancer.
Trial registration number This study is registered with  
clinicaltrials. gov (NCT03247712) and is active, but closed 
to patient accrual.

INTRODUCTION
Neoadjuvant immunotherapy with check-
point inhibitors (CI) targeting programmed 
death receptor-1 (PD-1) have resulted clin-
ically meaningful pathological responses 
and clinical to pathological downstaging in 
multiple solid tumor types.1–5 In high- risk 
resectable stage III/IV melanoma, complete 
or major pathological response (mPR) 
to PD-1 blockade, defined as <10% viable 
tumor cells in the regression bed, occurs 
in 30% of patients and has been associated 
with improved disease- free survival, the accu-
mulation of tumor- infiltrating lymphocytes, 
increased T cell clonality and broadened T 
cell repertoire.2 In head and neck squamous 
cell carcinoma (HNSCC), however, mPR 
to neoadjuvant CI (nivolumab or pembroli-
zumab) occurs in only 7%–14% of patients 
with human papilloma virus (HPV)- unrelated 
tumors, whether treated with monotherapy6 7 
or in combination with ipilimuab.8 Among 
patients with locally advanced HPV- related 
oropharyngeal squamous cell carcinoma, the 
mPR rate to durvalumab or durvalumab plus 
tremelimumab is as high as 29%.9

Locally advanced HNSCC is treated with 
either surgical resection of the primary and 
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draining lymph nodes followed by pathological risk- 
adapted adjuvant radiation (60 Gy/30 fractions), with or 
without chemotherapy (cisplatin 100 mg/m2 once every 
3 weeks; or weekly 40 mg/m2); or cisplatin (100 mg/
m2) every 3 weeks or weekly cisplatin (40 mg/m2) with 
concurrent radiotherapy (RT) using standard once time 
a day fractionation of 70 Gy/35 fractions, which can be 
a morbid approach that is associated with a 67%–81% 
rate of grade 3–4 adverse events (AEs).10–12 Neoadju-
vant immunotherapy has the potential to enhance local 
control and quality of life through immune mediated 
cytoreduction and reduced tumor volume to facilitate 
more limited surgery, as well deintensify or eliminate the 
need for adjuvant therapy.13 To improve response rates, 
there has recently been a surge of interest in combining 
immunotherapy with stereotactic body radiation therapy 
(SBRT).14 15 The rationale for these studies in the meta-
static setting is that the addition of radiation will incre-
mentally improve the systemic response seen with PD-1 
blockade and other immunotherapies, via a radiation 
in- situ vaccination effect, to drive a systemic antitumor 
immune response beyond the irradiated field (abscopal 
effect).16 While randomized clinical trials have not shown 
distant tumor responses with RT and CI to be different 
from those seen with CI alone,17 18 there is preclinical 
evidence to suggest that the combination may exert a 
far greater influence on local disease control by manip-
ulating the phenotype of cancer cells in the treatment 
field and rendering them more susceptible to immune 
killing.19–24

It has been shown that PD- L1 upregulation following 
radiation can limit local control of tumors in murine 
models and that blockade of the PD-1/PD- L1 axis concur-
rent with radiation results in enhanced tumor control.22 
Notably, conventional linear- quadratic models of cell 
killing may not accurately predict response at higher dose 
ranges as they do not account for the tumor microenvi-
ronment, consisting of vasculature, immune and stromal 
cells, which are implicated in RT failure, but conversely 
may contribute to improved local control when appro-
priate immune targeting agents are combined.25–27 
Furthermore, it has been demonstrated that elective 
nodal irradiation reduces the efficacy of combination 
stereotactic radiation therapy and immunotherapy.28 
Given the significant acute morbidity associated with 6–7 
weeks of definitive chemoradiation, or 6 weeks of adjuvant 
radiation±chemotherapy, and the critical importance of 
local control in head and neck cancer, the neoadjuvant 
setting may be ideal for assessing a therapeutically bene-
ficial interaction between SBRT and PD-1 blockade. In 
addition, neoadjuvant immunoradiation has the poten-
tial to enhance quality of life by shortening the duration 
of treatment, limiting radiation fields, facilitating less 
extensive surgery through downstaging, and eliminating 
adjuvant therapy in some patients.

Based on this rationale, we propose that neoadjuvant 
PD-1 blockade in combination with SBRT would be safe, 
would not delay definitive surgical resection, and would 

result in a greater than 33% mPR and clinical to patho-
logical downstaging. Here, we report the results of a 
first in human phase Ib trial of neoadjuvant SBRT deliv-
ered to gross tumor volume (GTV) in combination with 
nivolumab prior to surgery for curative intent and adju-
vant nivolumab in patients with locoregionally advanced 
HNSCC (NCT03247712).

METHODS
Study population and trial design
The Neoadjuvant Immuno- Radiotherapy Trial (NIRT) 
was an investigator- initiated single institution phase 
Ib clinical trial sponsored by Providence Health and 
Services—Oregon that enrolled patients with previously 
untreated locally advanced p16- positive (stages I–III, 
American Joint Committee on Cancer (AJCC) Cancer 
Staging Manual, 8th Ed) and p16- negative (stages III–
IVA) HNSCC. Initially, patients were enrolled to one of 
two dose- finding cohorts to undergo neoadjuvant SBRT 
delivered to GTV only over 1 week at a total dose of either 
40 Gy in 5 fractions, Monday–Friday (cohort 1), or 24 Gy 
in 3 fractions, Monday–Wednesday–Friday (cohort 2), 
in combination with nivolumab 240 mg intravenous q2 
weeks ×3 prior to surgery (figure 1). After observing for 
dose- limiting toxicity in the safety portion of the trial, 
we added two expansion cohorts that evaluated neoad-
juvant treatment at the lower radiation dose (24 Gy, 8Gy 
X3) with and without immunotherapy: cohort 3 consisted 
of patients with stages I–III HPV+ HNSCC who were 
treated with SBRT alone in the neoadjuvant phase to act 
as a control; patients in cohort 4 had stages III–IVA p16- 
negative HNSCC and were treated with nivolumab and 
SBRT as in cohort 2. Surgery in all cohorts was planned 
5 weeks post SBRT, followed by adjuvant nivolumab 
480 mg intravenous q 4 weeks for 3 doses starting 4 weeks 
after surgery.

All patients provided written informed consent. 
Patients were eligible for enrollment if they were age 
18 years or older, had an Eastern Cooperative Oncology 
Group performance status deemed suitable by investi-
gator for study requirement, and had adequate organ 
function to meet protocol criteria. Patients had to be 
considered by the investigators to be candidates for 
surgery and adjuvant radiation as part of standard of care. 
Patients with bulky primary tumor, extensive neck disease 
or radiographic evidence of extra nodal extension were 
allowed, but patients who in the opinion of the investi-
gators could likely be treated with surgery alone or for 
which radiation would not have been indicated during 
a standard treatment course were excluded. Patients 
who might have been treated with primary chemoradia-
tion for organ preservation but in whom data supports 
upfront surgical resection, such as cartilage- invading T4 
larynx cancer, were allowed. The radiation technique is 
detailed in online supplemental file 1. The target lesions 
(primary tumor and all radiographically apparent meta-
static lymph nodes) were outlined and confirmed by two 
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radiation oncologists (MRC, KHY) and designated as 
GTV. The GTV was expanded uniformly by an additional 
2–3 mm to create a planning target volume. Radiation 
was delivered 1 week after the first nivolumab dose (for 
cohorts 1, 2 and 4). Surgery was planned 5 weeks after 
radiation and consisted of neck dissection (levels II–IV for 
pharynx and larynx; I–IV or I–V for oral cavity) in combi-
nation with transoral robotic assisted oropharyngectomy 
or composite resection as appropriate for patients with 
mucosal disease. Resection of the primary was performed 

in enbloc fashion to clear clinically abnormal tissue in the 
regression bed with a 1 cm margin of normal appearing 
tissue, not to preradiation tumor margins. The protocol 
called for standard histopathological risk- adapted adju-
vant RT for patients with T3/4 tumors, perineural inva-
sion, lymphovascular invasion, or >1 metastatic lymph 
nodes. Patients with positive resection margins or >1 mm 
extracapsular extension in a metastatic lymph node were 
to receive adjuvant chemoradiation. Determination for 
adjuvant treatment was based on the findings at the time 

Figure 1 Neoadjuvant Immuno- Radiotherapy Trial (NIRT) schema. GTV, gross tumor volume; HNSCC, head and neck 
squamous cell carcinoma; HPV, human papilloma virus; IV, intravenous; MPR, major pathological response; pCR, pathological 
complete response; SBRT, stereotactic body radiation therapy; SOC, standard of care.
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of surgery following neoadjuvant therapy and not based 
on pretreatment staging. Following standard of care, all 
patients were planned to receive adjuvant nivolumab 
480 mg intravenous every 4 weeks for 3 months.

All patients had a tumor biopsy at baseline and 1 week 
following radiation, with paired blood samples at pretreat-
ment and various post- treatment time points. The biop-
sies and resection specimens were processed in the 
Department of Pathology at Providence Portland Medical 
Center, Providence Health and Services, and immediately 
formalin fixed and paraffin embedded. Baseline imaging 
consisted of at least a contrasted CT of the neck and chest 
as well as positive emission tomography (PET)/CT within 
30 days of the therapy with a restaging neck CT the week 
prior to surgery. Follow- up and imaging was planned for 
every 3–6 months per standard of care.

The primary safety endpoint was unplanned delay 
in surgery considered to be at least possibly related to 
neoadjuvant treatment. Neoadjuvant treatment would 
be considered safe if there were two or fewer delays 
among the first six patients enrolled. Early stopping rules 
(Section 6.7 in protocol)(online supplemental material 
1) of this trial were developed based on unacceptable 
toxicity as assessed using Common Toxicity Criteria for 
Adverse Events (CTCAE) scale version 4, and the Clavien- 
Dindo grading tool for surgical complications.29 DLT 
were based on unacceptable AEs, defined as either an 
unplanned delay in surgery or grade 3 or 4 AE per the 
CTCAE or the Clavien- Dindo grading system for surgical 
complications.

The primary efficacy endpoints were pathological 
response and clinical to pathological downstaging after 
neoadjuvant treatment. Pathological response in the 
primary lesion and metastatic lymph node(s) were quan-
tified by a head and neck pathologist as percentages 
of viable tumor versus areas showing nonviable tumor 
and/or evidence of tissue response to non- viable tumor 
observed on H&E staining of the resection specimen, as 
described by Cottrell et al.30 cPR was defined as the absence 
of viable tumor cells. mPR was defined as fewer than 10% 
viable tumor cells. Clinical to pathological downstaging 
was assessed using AJCC eighth edition staging manual. 
Secondary end points included objective radiographic 
response prior to surgery using RECIST 1.1 criteria and 
gastrostomy tube dependence.

Statistical analysis
In addition to safety, the goal of this study was to identify 
clinical to pathological downstaging and mPR in 33% or 
more patients using Simon’s two- stage design (optimal). 
This design yields an alpha=0.05 level of significance with 
a power of 90% to detect a difference when the true rate 
of downstaging ≥33%. Using these criteria, the study was 
stopped when there was sufficient evidence that the mPR 
exceeded 33% in all cohorts. The null hypothesis, that 
the true rate of downstaging is ≤10%, was tested against 
a one- sided alternative. If 1 or fewer downstaging events 
were observed for the first 12 patients enrolled, the 

study would be stopped early for futility. Analyses were 
performed using SAS statistical software (V.9.4; SAS Insti-
tute) and JMP Pro statistical software (V.15.0; SAS Insti-
tute) based on database as of 15 July 2020.

RESULTS
Patient characteristics
From February 2018 through November 2019, we 
enrolled 24 patients, 3 of whom were ineligible for inclu-
sion and did not receive treatment, leaving 21 patients 
(table 1). Initially, patients were enrolled sequentially to 
the first two cohorts. After safety and efficacy analysis, 
cohorts 3 and 4 were opened simultaneously. The orig-
inal protocol called for 28 patients; however, the study was 
closed to enrollment after safety was established and effi-
cacy endpoints met statistical criteria as a positive study. 
Demographic characteristics are listed in table 1: 67% 
had primary tumor located in the oropharynx, 9.5% in 
the oral cavity, 9.5% in the larynx and 14% had unknown 
primaries. Of 21 patients, 16 (76%) had HPV- positive 
disease as determined by p16 staining (stage 1 or 2, AJCC 
8th Ed) and all 5 of the HPV- negative patients had locore-
gionally advanced stage IVA disease, two of which had 
cartilage- invading T4 larynx cancer.

Safety outcomes
All 21 patients completed neoadjuvant treatment and 
there were no dose- limiting toxicities in the safety run- in 
portion of the study. The mean time to surgery from first 
nivolumab dose was 44.6 days (range=40–54 days) and 
there were no treatment- related surgical delays in any 
of the 21 patients enrolled, thus meeting the primary 
safety endpoint. Treatment- related AE’s (TRAE) of any 
grade at least possibly related to neoadjuvant therapy 
occurred in all patients and most commonly consisted 
of mucositis (n=20, 95%), thrush/dysgeusia/xerostomia 
(n=15, 71%), rash/pruritus (n=11, 52%), head and neck 
pain (n=9, 43%), fatigue (n=8, 38%), hypotension (n=6, 
29%), nausea/vomiting (n=4, 19%) and anemia (n=4, 
19%; table 2). Grade 3 TRAE’s attributed to neoadjuvant 
therapy included mucositis (n=1, 5%), anemia (n=1, 5%), 
hypotension (n=1, 5%) and hyponatremia (n=1, 5%).

In general, surgery was uncomplicated, although 
submucosal tissue planes were subjectively less well 
defined and more inflamed in patients who received 
the higher radiation dose (cohort 1). Although not an 
endpoint in the study, surgical resection of the primary 
tumor was reduced in most patients and was performed 
to the margins observed after neoadjuvant therapy, not 
the original tumor margins. Surgical complications were 
assessed by Clavien- Dindo scoring and included most 
commonly head and neck pain (n=9, 43%), nausea/
vomiting (n=8, 38%), delayed wound healing/dehis-
cence (n=7, 33%), cough/increased secretions (n=6, 
29%), hematoma/seroma (n=5, 33%), anxiety/disorien-
tation (n=5, 24%) and neurosensory changes (n=5, 24%) 
(table 2). Postoperative complications that required 
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surgical intervention, included hematoma/seroma that 
required drainage (n=3, 14%), delayed wound healing/
dehiscence requiring debridement (n=2, 10%), weight 
loss resulting in feeding tube placement (n=1, 5%), 
pneumothorax and pneumonia requiring chest tube 
placement (n=1, 5%), and urinary retention requiring 
indwelling catheter placement (n=1, 5%).

There were two types of postoperative wound healing 
problems, which were grouped together for practical 
purposes: delayed wound healing and wound dehiscence. 
Delayed wound healing was observed at the primary 

mucosal resection site in three patients with oropharyn-
geal cancer who underwent transoral robotic surgery, was 
manifested as superficial tissue necrosis, and thought to 
be due to a combination of all three treatment modali-
ties. All of these patients healed uneventfully, although 
one underwent operative debridement of necrotic 
tissue in the wound bed. Wound dehiscence at the flap/
mucosal resection margin was observed in four patients 
in cohort 4, all of whom had undergone major composite 
tissue resection and free flap reconstruction. Three of 
the patients had minor wound dehiscence that healed 

Table 1 Baseline characteristics of the 21 study patients

No. (%)

  Characteristic Overall (n=21)

Cohort 1:
SBRT 
8GyX5+nivolumab
(HPV+)

Cohort 2:
SBRT 8GyX3 +
Nivolumab
(HPV+)

Cohort 3:
SBRT 8GyX3
(HPV+)

Cohort 4:
SBRT 
8GyX3+nivolumab
(HPV−)

Age, median (range), years 62.8 (50.1–76.0) 60.6 (50.1–75.5) 68.4 (61.0–76.4) 60.5 (53.1–66.4) 62.2 (50.1–69.4)

  Sex

  Male 19 (90.5) 5 (100) 5 (100) 5 (83.3) 4 (80.0)

  Female 2 (9.5) 0 0 1 (16.7) 1 (20.0)

Smoker

  No 11 (52.4) 4 (80.0) 1 (20.0) 5 (83.3) 1 (20.0)

  Former, ≤10 packs year 3 (14.3) 1 (20.0) 1 (20.0) 1 (16.7) 0

  Former, ≥10 packs year 7 (33.3) 0 3 (60.0) 0 4 (80.0)

Primary tumor site

  Oropharynx 15 (71.4) 4 (80.0) 4 (80.0) 6 (100) 1 (20.0)

  Oral cavity 2 (9.5) 0 0 0 2 (40.0)

  Larynx 2 (9.5) 0 0 0 2 (40.0)

  Unknown primary 2 (9.5) 1 (20.0) 1 (20.0) 0 0

Pretreatment clinical T- stage

  X 1 (4.8) 1 (20.0) 0 0 0

  0 2 (9.5) 1 (20.0) 1 (20.0) 0 0

  1 4 (19.0) 0 1 (20.0) 2 (33.3) 1 (20.0)

  2 9 (42.9) 3 (60.0) 3 (60.0) 3 (50.0) 0

  3 1 (4.8) 0 0 1 (16.7) 0

  4A 4 (19.0) 0 0 0 4 (80.0)

Pretreatment clinical N- stage

  N0 2 (9.5) 0 0 1 (16.7) 1 (20.0)

  N1 16 (76.2) 5 (100.0) 5 (100.0) 5 (83.3) 1 (20.0)

  N2c 2 (9.5) 0 0 0 2 (40.0)

  N3 1 (4.8) 0 0 0 1 (20.0)

AJCC overall clinical stage (AJCC, 8th Edition)

  I 15 (71.4) 5 (100.0) 5 (100.0) 5 (83.3) 0

  II 1 (4.8) 0 0 1 (16.7) 0

  III 0 0 0 0 0

  IVA 4 (19.0) 0 0 0 4 (80.0)

  IVB 1 (4.8) 0 0 0 1 (20.0)

HPV, human papilloma virus; SBRT, stereotactic body radiation therapy.
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quickly and uneventfully. Another patient in cohort 4, 
who underwent fibular free flap reconstruction, devel-
oped exposed hardware that required removal of the 
plate (grade 3 Clavien- Dindo).

Delayed TRAEs occurring more than 30 days postoper-
atively, and considered most likely related to the combi-
nation of neoadjuvant therapy and surgery, appeared 
greater in the higher radiation dose cohort (cohort 1) 
(table 2). Grade 3 head and neck pain (n=3), delayed 
wound healing (n=3) and anorexia (n=3) occurred in the 
three patients in cohort 1 who received mucosal radia-
tion, which resulted in gastrostomy tube placement for 
each patient. Two patients in cohort 2 had grade 3 delayed 
wound healing; however, this was managed without the 
need for feeding tube placement.

The duration of these toxicities and study follow- up are 
summarized in figure 2A. Grade 2 adrenal insufficiency 
was seen in 5 patients (24%). Patients with confirmed 
adrenal insufficiency were managed with corticosteroids 
until adrenal function returned to normal. Adrenal insuf-
ficiency lasted longer in the higher SBRT dose cohort 
(mean=221 days, range 100–330 days) compared with the 
lower dose cohort (mean=127 days, range 116–139 days), 
but all patients recovered adrenal function by 11 months. 
No adrenal insufficiency was seen in patients in cohort 3 
who did not receive nivolumab nor was it seen in the HPV 
negative cohort 4 despite both cohorts being screened for 
endocrine abnormalities in the postoperative period. One 
study patient experienced a grade 4 pneumonitis related 
to aspiration pneumonia, which required mechanical 
ventilation and resolved.

Efficacy outcomes
Preoperative restaging CT scans were performed a median 
of 42 days (range, 38–52 days) and surgery a median of 
44 days (range 40–54 days) after the first nivolumab infu-
sion. Two patients went to surgery approximately 1 week 
outside of the protocol window due to patient prefer-
ence and not associated with neoadjuvant treatment. Two 
patients failed to obtain restaging imaging. Radiographic 
response prior to surgery is summarized in figure 2B. Of 
the 21 patients, 10 patients demonstrated a partial radio-
logic response (PR) by RECIST criteria prior to surgery 
and 10 patients had stable disease (SD). No patient had a 
radiographic complete response; however, radiographic 
response was not concordant with pathological response 
to neoadjuvant treatment (figure 3).

Clinical to pathological down- staging occurred in 90% 
of the patients treated (n=19). The two patients without 
clinical to pathological downstaging were both clinically 
staged as N0 and received no neck radiation, but had 
occult lymph node metastasis on pathological assessment 
of the neck dissection specimen (table 3). Among the 21 
patients, mPR and pathological complete response (pCR) 
rates were 86% and 67%, respectively (figure 2B). Among 
the 10 HPV- positive patients who underwent treatment 
with nivolumab and SBRT, the pCR rate was 90% (cohort 
1=5/5; cohort 2=4/5) and mPR rate was 100%. Among 

Figure 2 Toxicity swimmers plot. (A) Timing of neoadjuvant 
nivolumab and stereotactic body radiation therapy (SBRT) 
are indicated prior to resection. Extent of follow- up is shown 
in blue, and known recurrences are indicated. Grade 3 or 
greater pain requiring opiates are indicated in red. Unplanned 
temporary gastrostomy tube placement is indicated in green. 
In cohort 4, g- tubes were placed intraoperatively, per routine, 
to facilitate postoperative free- flap wound healing. Grade 
2 or higher adrenal insufficiency requiring corticosteroid 
use is indicated in yellow. (B) RECIST response at surgery. 
The y- axis represents per cent tumor response, delineated 
by cohort and pathological response (indicated by black 
dots below). (C) Pathological response at surgery. The y- 
axis represents per cent pathological response in either the 
primary tumor site or metastatic lymph node, delineated by 
cohort. cPR, pathological complete response; HPV, human 
papilloma virus; mPR, major pathological response.
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HPV- positive patients treated with neoadjuvant SBRT 
alone (cohort 3), the pCR rate was 50% (n=3). Among 
HPV- negative patients (cohort 4), the pCR and mPR rates 
were 20% (n=1) and 60% (n=3), respectively.

Histopathological treatment effect and tumor regres-
sion were observed in all primary tumors and metastatic 
lymph nodes that were targeted with radiation. Regard-
less of cohort or HPV status of the resection specimen, 
tissue responses were characterized by a robust infiltrate 
of lymphocytes and macrophages into the regression 
bed, tumor cell necrosis, fibrosis, cholesterol clefts, and 
plasma cells (figure 4).

Three patients initiated neoadjuvant therapy with an 
unknown primary site after staging PET/CT imaging. Our 
approach to interrogate the patient with metastatic HPV- 
related carcinoma of the cervical lymph nodes with an 
unknown primary is to interrogate the lingual and pala-
tine tonsil tissue by performing bilateral tonsillectomy 
and base of tongue biopsies (or robotic assisted “pancake” 
biopsies) in an attempt to identify primary tumor. The 
NIRT protocol called for radiation to be delivered to GTV 
only, so unknown primary patients did not receive SBRT 
to mucosal sites. In one patient with an unknown primary 
(NIRT003), non- viable primary tumor was found in the 
un- radiated, ipsilateral tonsillectomy specimen.

Importantly, only one of the 21 patients in the study 
had pathological findings at surgery indicating a need 
for adjuvant therapy and was treated with adjuvant 
radiation or chemotherapy (5%). One patient with 
HPV negative oropharyngeal cancer required adju-
vant chemoradiation due to extensive subclinical nodal 
disease and a positive surgical margin; however, adju-
vant radiation or chemoradiation was avoided in all 
other patients on study. At a median of 472 days of post-
operative follow- up (range, 130–823 days), all patients 
were alive and 20 patients (95%) were without evidence 
of disease. Two patients developed lymph node recur-
rence: one in the unirradiated, unoperated, contra-
lateral neck (NIRT005) and the other in level 5 of the 
ipsilateral, operated neck (NIRT020). Both of these 
patients underwent salvage neck dissection (without 
adjuvant radiation) and are currently without evidence 
of disease. A third patient (NIRT015) with very advanced 
p16 negative oropharyngeal cancer recurred in the 
residual tongue base 1 year following near total glossec-
tomy and adjuvant chemoradiation, refused additional 
surgery, and is being treated with immunotherapy with 
SD at the time of data cut- off.

Figure 3 CT imaging of a 63- year- old man (NIRT008) with cT2N1M0 HPV+ squamous cell carcinoma (SCC) of the tonsil. 
(A) Pretreatment axial image demonstrating primary tumor involving the palatine tonsil. (B) Pretreatment CT demonstrating 
right metastatic lymphadenopathy. (C) Radiation isodose plan to GTV+2–3 mm. (D) Post treatment CT demonstrating partial 
radiographic response by RECIST (−71%) with near complete resolution of the primary tumor. (E) Post treatment radiographic 
response in level II lymph nodes. Neoadjuvant treatment resulted in pathological complete response (pCR) in the primary and 
major pathological response (mPR) in the largest metastatic lymph node (<10% viable tumor cells).
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DISCUSSION
This is the first report of neoadjuvant immunoradio-
therapy in the definitive setting for HNSCC and represents 
a potentially paradigm shifting approach to treatment of 
locally advanced disease by eliminating the need for 6 
weeks of adjuvant radiation therapy in 20 of 21 patients 
and reducing the extent of surgical resection. Impor-
tantly, we observed that the combination of neoadjuvant 
SBRT with nivolumab was safe and resulted in clinical to 
pathological downstaging in 90% of patients. Although 
only five patients in our study had HPV- negative disease, 
the 80% (n=4) downstaging rate we observed in cohort 

four compares favorably to that of neoadjuvant pembroli-
zumab (19%) and the combination of nivolumab and 
ipilimumab (53%) reported in previous neoadjuvant 
studies in HPV negative oral cavity squamous cell carci-
noma.7 8 In addition, the rate of mPR seen in our study 
(86%), which has been described to be prognostic in 
melanoma,2 was significantly higher than that reported 
with pembrolizumab alone (3%),7 nivolumab alone (7%) 
or in combination with ipilimumab (20%).8 Additional 
follow- up studies will be necessary to determine whether 
mPR correlates with disease free survival or overall 
survival in HNSCC.

Figure 4 Representative photomicrographs of resection specimens illustrating features of pathological response in the 
regression bed of HPV+ subjects. (A) Fibrosis and plasma cell infiltration in metastatic lymph node (NIRT006, cohort 1) with 
pathologic complete response (pCR) (magnification ×200). (B) Giant cells (arrow) and fibrosis in primary tumor (NIRT008, cohort 
2) with pCR (magnification ×200). (C) Residual viable tumor (arrow) in metastatic lymph node (NIRT008, cohort 2, %RVT=5) 
with major pathological response (mPR) (magnification ×200). (D) Necrosis (left, arrow), calcification (star) and histiocytes (right, 
arrow) in metastatic lymph node (NIRT010, cohort 2) with pCR (magnification ×100). (E) Cholesterol clefts (arrow) with giant cells 
in primary tumor (NIRT010, cohort 2) with pCR (magnification ×100). (F) Residual viable tumor (arrow) in metastatic lymph node 
(NIRT019, cohort 3, %RVT=5) with mPR (magnification ×200).
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It is important to note that SBRT alone was effective in 
generating mPR (83%) in HPV- positive patients enrolled 
in this study (cohort 3). Through ongoing genomics 
studies of tissue and blood samples collected from 
patients in this trial, we are assessing whether there were 
transcriptional differences between the baseline biopsy 
and surgical resection specimens, as well as the impact 
that nivolumab had on various immune cell types in the 
tumor microenvironment. Future studies should assess 
the individual contribution of each modality (immuno-
therapy and radiation therapy) in achieving patholog-
ical responses in both HPV- positive and HPV- negative 
patients.

Radiologic response was a poor indicator of patholog-
ical response and did not correlate in this study. It should 
be noted that in this and other presurgical ‘window’ trials, 
the neoadjuvant window is relatively short (6 weeks in the 
current trial). In contrast, other non- surgical neoadju-
vant trials may have a treatment window of 2–3 months, 
in which case RECIST is likely a meaningful indicator of 
clinical response. While further regression by RECIST 
might have been observed with a longer surgical window, 
our data suggest that RECIST could be misleading as a 
clinical endpoint in clinical trials with a short neoadju-
vant treatment time prior to surgery.

The relatively modest rate of grade 3 toxicity compared 
with conventional chemoradiation in historical cohorts 
suggests that neoadjuvant immunoradiotherapy has the 
potential to improve quality of life in patients with HPV- 
positive HNSCC by reduced radiation fields and fewer 
treatment days. Notably, since patients in this study were 
treated after surgery based on standard histopatholog-
ical risk features, and most patients had little if any viable 
tumor in either the primary site or metastatic lymph 
nodes, only one patient in our study met the criteria for 
adjuvant radiation or chemoradiation (NIRT15). This 
patient was clinically staged as cT4AcN0M0, had little 
evidence of response to neoadjuvant treatment to the 
primary tumor and underwent near total glossectomy 
and free flap reconstruction, generating a positive margin 
and nodal metastasis with extracapsular extension >2 mm 
(ypT3N3bM0). None of the other patients enrolled in 
this study required adjuvant radiation and those without 
a known primary or evidence of nodal metastasis were 
spared radiation entirely at those sites. This is particularly 
important given recent preclinical evidence that elective 
nodal irradiation reduces the efficacy of combination 
stereotactic radiation therapy and immunotherapy.28 
The addition of nodal irradiation attenuated chemokine 
expression, restrained immune infiltration, and adversely 
affected survival when combined with immune therapy, 
including PD1inhibitors, thus supporting our approach 
that maintains intact lymphatic drainage during therapy. 
Furthermore, given the significant acute morbidity asso-
ciated with standard treatment options for HNSCC – 6 to 
7 weeks of definitive chemoradiation, or 6 weeks of adju-
vant radiation±chemotherapy after surgery—and the crit-
ical importance of local control in HNSCC, future studies 

should assess health related quality of life prospectively, 
with validated tools, and evaluate organ preservation 
strategies with either watchful waiting or biopsy directed 
surgery in cases with complete clinical regression, espe-
cially in HPV positive tumors where the rate of mPR was 
high.

Two patients recurred in the neck after treatment. 
NIRT005 recurred in the unirradiated, unoperated, 
contralateral neck and was treated with salvage neck 
dissection alone. NIRT020 recurred in level 5 of the ipsi-
lateral, operated neck, which was outside of the standard 
level 2–4 neck dissection that we perform routinely in 
this patient population.31 The patient was salvaged with 
surgical excision of level 5 lymph nodes alone and did 
not receive adjuvant radiation therapy. Both of these 
‘recurrences’ likely represented occult nodal disease that 
was not identified by imaging or in the therapeutic neck 
dissection. These cases highlight the necessity for neck 
dissection, regardless of pathological response in the 
primary or metastatic node, as SBRT is delivered to GTV 
only, sparing the adjacent draining lymph node basins. 
Therefore, atypical or contralateral occult lymph node 
metastasis outside of the treatment field or surgically 
interrogated lymph node stations might be missed and 
should be evaluated closely in future trials.

The current study is limited by a small sample size 
and absence of validated endpoints to define a clini-
cally meaningful pathological response to neoadjuvant 
immunotherapy. However, our trial demonstrates safety, 
and provides baseline pathological and radiographic 
response rates, as well as tissue for biologic interrogation. 
Ongoing studies at our institute are assessing the biopsy 
specimens obtained from patients in this trial before and 
after radiation alone or in combination with nivolumab 
for evidence of transcriptional changes in immune cell 
infiltrates and tumor cells that may provide important 
insights into radiation synergy with immunotherapy, 
biomarkers of response and/or combination strategies.

In conclusion, this study demonstrates that neoadju-
vant SBRT and nivolumab is safe and results in a high rate 
of mPR in patients with HPV- positive and HPV- negative 
HNSCC. Since neoadjuvant SBRT alone also resulted in 
mPR, future trials should compare the contribution of 
the individual components (SBRT and nivolumab) to 
pathological response.
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