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ABSTRACT
Background  The combination of nivolumab and 
ipilimumab has been approved for the treatment 
of multiple solid tumors. This was a phase I study 
investigating definitive radioimmunotherapy (RIT) with 
nivolumab and ipilimumab for the treatment of locally 
advanced (LA) squamous cell carcinoma of the head and 
neck (SCCHN).
Methods  Patients with newly diagnosed, stage IVA–IVB 
SCCHN eligible for cisplatin-based chemotherapy received 
nivolumab (3 mg/kg every 2 weeks for a total of 17 
doses) and ipilimumab (1 mg/kg every 6 weeks for a total 
of 6 doses) starting 2 weeks prior to radiotherapy. The 
primary endpoint was safety of definitive RIT. Secondary 
endpoints included progression-free survival (PFS) and 
overall survival (OS). Exploratory endpoints included 
the association of baseline programmed death-ligand 1 
(PD-L1) expression as well as on-treatment changes in 
immune bias with treatment outcomes.
Results  Twenty-four patients were enrolled. With a 
median follow-up of 36.1 months, grade 3 or higher 
treatment-related adverse events were reported in 21 
individuals (88%); 5 individuals developed in-field soft 
tissue ulceration during consolidation immunotherapy, 
resulting in one fatality. The 3-year PFS and OS rates 
were 74% (95% CI 58% to 94%) and 96% (95% CI 88% 
to 100%), respectively. PD-L1 combined positive score 
(CPS) did not correlate with death or disease progression. 
Decreases in extracellular vesicle PD-L1 within the 
concurrent RIT phase were associated with prolonged 
PFS (p=0.006). Also, interval decreases in circulating 
interleukin (IL)4, IL9, IL12, and IL17a during concurrent RIT 
were associated with subsequent ulceration.
Conclusions  Definitive RIT with nivolumab and 
ipilimumab has sufficient clinical activity to support further 
development. Early changes in circulating biomarkers 
appear able to predict treatment outcomes as well as 
ensuing in-field soft tissue ulceration.
Trial registration number  NCT03162731.

BACKGROUND
More than 60% of patients with squamous cell 
carcinoma of the head and neck (SCCHN) 

present with locally advanced (LA) disease, 
marked by local extension and/or metastasis 
to regional lymph nodes.1 Multimodality treat-
ment employing surgery, radiotherapy, and/
or systemic therapy represents the current 
standard approach for LA SCCHN with the 
choice of therapy depending on the primary 
tumor site, stage, patient factors and local 
expertise.2 Despite definitive treatment 5-year 
survival rates are below 50%, with prognosis 
being worse for patients with high-risk human 
papillomavirus (HPV)-negative tumors.3–6 In 
addition, treatment with standard cisplatin-
based regimens results in substantial toxicity 
that may compromise patient function and 
quality of life.7–10 All the above underlines 
an unmet need to improve patient outcomes 
and, at the same time, reduce toxicity.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Definitive chemoradiotherapy with cisplatin results 
in suboptimal efficacy with substantial toxicity in 
patients with locally advanced squamous cell carci-
noma of the head and neck (LA SCCHN).

WHAT THIS STUDY ADDS
	⇒ This is the first reported study that assessed con-
current radioimmunotherapy (RIT) with nivolumab 
and ipilimumab as definitive treatment in LA SCCHN. 
Definitive RIT was safe overall and demonstrated 
clinical efficacy with excellent locoregional control; 
rates of soft tissue ulceration were higher than usu-
al, representing a late in-field toxicity. Biomarker 
analysis revealed associations with efficacy and 
safety outcomes.

ΗOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study provided evidence that supports further 
development of definitive RIT with nivolumab and 
ipilimumab in patients with LA SCCHN.
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The successful implementation of programmed cell death 
protein 1 (PD-1) inhibitors in recurrent or metastatic (R/M) 
SCCHN has mirrored the development of immunotherapy 
in other tumor types. Overarching directions in ongoing 
research have been to evaluate the potential role of PD-1 
inhibitors in less advanced disease, that is, in the curative 
setting, and to improve efficacy through combination of 
PD-1 inhibitors with other agents and/or treatment modali-
ties. The anti-PD-1 antibody nivolumab and the anti-cytotoxic 
T-lymphocyte-associated protein 4 (CTLA4) antibody ipili-
mumab have complementary mechanisms of action and 
their combination is supported by preclinical observations. 
The combination of nivolumab and ipilimumab has proven 
benefit in many solid tumors.11 12 In SCCHN it showed 
numerical improvement in overall survival versus the ErbituX 
in first-line Treatment of REcurrent or MEtatatic head and 
neck cancer (EXTREME) regimen in previously untreated 
patients with R/M SCCHN (CheckMate 651) and produced 
promising results in the preoperative setting.13–16 Addition 
of radiotherapy appears to further shape the antitumor 
immune response through enhanced antigen presentation 
and adjuvant signaling, release of cytokines and/or chemo-
kines, and upregulation of immune checkpoints.17 Twyman 
Saint-Victor et al suggested that the increased efficacy of triple 
therapy could be explained by non-redundant mechanisms 
of action for each treatment; while CTLA4 blockade primarily 
decreases regulatory T cells and programmed death-ligand 
1 (PD-L1) blockade essentially reverses exhaustion of CD8-
positive T cells, radiation therapy diversifies the T-cell 
receptor repertoire within the tumor microenvironment.18

Based on this rationale, we performed a phase I pilot 
study to evaluate definitive treatment with nivolumab, ipilim-
umab and radiation therapy in cisplatin-eligible patients with 
LA SCCHN. We leveraged concurrent radiotherapy as an 
immune adjuvant to flip the immunosuppressive status of the 
tumor microenvironment. Furthermore, using combination 
immunotherapy, we endeavored to minimize the risks asso-
ciated with platinum-based chemotherapy, without blunting 
antitumor efficacy.

METHODS
Study design and participants
We conducted a single-institution, single-arm, phase I 
pilot study at Thomas Jefferson University, Philadelphia, 

Pennsylvania, USA. The study protocol is included in 
online supplemental materials. Eligible patients were ≥18 
years old and had pathologically confirmed, newly diag-
nosed clinical stage III–IVB (American Joint Committee 
on Cancer (AJCC), Eighth Edition) HPV-negative (oral 
cavity, hypopharynx, larynx or p16-negative oropharynx) 
or clinical stage II–III (AJCC, Eighth Edition) high-risk 
(either N2 or if T3N0 or T3N1 with ≥20 pack-years smoking 
history) HPV-positive (p16-positive oropharynx) SCCHN, 
tumor samples available for PD-L1 testing, measurable 
disease per Response Evaluation Criteria in Solid Tumors 
(RECIST) V.1.1, Eastern Cooperative Oncology Group 
(ECOG) performance status (PS) 0-1, and adequate 
marrow and organ function (white blood cell count ≥ 2 × 
109/L, absolute neutrophil count ≥ 1.5 × 109/L, platelet 
count ≥ 100 × 109/L, hemoglobin ≥ 9 g/L, bilirubin ≤1.5 × 
upper limit of normal (ULN), aspartate aminotransferase 
(AST) and alanine transaminase (ALT) ≤3 × ULN, glomer-
ular filtration rate ≥ 40 mL/min or serum creatinine ≤ 
1.5 ULN). Key exclusion criteria included diagnosis of 
primary nasopharyngeal carcinoma, presence of brain 
metastases, prior radiation therapy to the neck, known 
contraindications to radiation therapy, prior immuno-
therapy, immunodeficiency or concurrent use of systemic 
steroids greater than or equal to the equivalent of 10 mg 
of prednisone daily, HIV, hepatitis B or C, concurrent 
malignancies, active autoimmune disease, and interstitial 
lung disease or non-infectious pneumonitis.

Study procedures
Study participants received nivolumab (Bristol Myers 
Squibb) 3 mg per kg of body weight intravenously one 
time every 2 weeks plus ipilimumab (Bristol Myers 
Squibb) 1 mg per kg of body weight intravenously one 
time every 6 weeks (figure  1). Immunotherapy started 
2 weeks prior to radiotherapy, continued concurrently 
with radiotherapy, and as consolidation therapy for a 
total of 17 doses of nivolumab and 6 doses of ipilimumab. 
Radiotherapy consisted of simultaneous-integrated boost 
intensity-modulated radiation therapy (SIB-IMRT), or 
volumetric modulated arc therapy delivered in 2 Gy daily 
fractions, 5 days per week, to a total of 70 Gy over 7 weeks.

Tumor assessments by 18F-Fludeoxyglucose (FDG) 
positron emission tomography (PET)/CT were done at 
baseline (up to 28 days before the date of the first dose 

Figure 1  Study design. Pink bars represent doses of ipilimumab and nivolumab and black bars represent nivolumab alone. 
RIT, radioimmunotherapy; W0, week 0; W3, week 3; W11, week 11; W19, week 19; W37, week 37.
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of study drug) and 12 weeks after the completion of radi-
ation therapy. Tumor response was investigator assessed 
according to RECIST, V.1.1. Patients were followed every 
3 months for 6 months after study completion and eval-
uated for treatment-related adverse events (TRAEs), 
disease recurrence, and survival.

All TRAEs were collected prospectively throughout the 
study and during follow-up and graded according to the 
Common Terminology Criteria for Adverse Events V.5.0. 
The study was designed in two stages with safety stopping 
rules in place for grade 4–5 in-field toxicities occurring 
during and up to 2 weeks after radiation therapy. The 
first stage cohort included 12 patients; enrollment was 
suspended until the last patient had completed radio-
therapy and toxicities had been assessed 2 weeks after 
radiotherapy completion. Twelve additional patients 
comprised the second stage (expansion) cohort in 
order to further assess safety and evaluate treatment effi-
cacy. The limit for unacceptable toxicity was set at 25% 
(three instances) among the first 12 patients and at 21% 
(five instances) among the total of 24 patients. There 
was no dose escalation or de-escalation planned in this 
study. Written informed consent was obtained from all 
study participants per institutional guidelines. The study 
was conducted in accordance with the Declaration of 
Helsinki, Belmont Report, and the US Common Rule.

Outcomes
The primary endpoint of the study was safety of the 
combination of nivolumab and ipilimumab with radi-
ation therapy as definitive treatment for patients with 
LA SCCHN, evaluated by the incidence of TRAEs of any 
grade occurring up to 6 months after the last dose of 
study drug. Secondary endpoints were objective response 
rate, 1-year progression-free survival (PFS), and 1-year 
overall survival (OS). Exploratory endpoints included the 
predictive value of PD-L1 CPS for treatment response as 
well as changes in immune bias, cell subset frequencies 
and circulating extracellular vesicles after combination 
therapy and their association with outcome.

Biomarker studies
Tumor PD-L1 expression was evaluated in recent archival 
or fresh pretreatment biopsies using automated immu-
nohistochemistry (IHC; PD-L1 IHC 28–8 pharmDx 
assay; Dako, Agilent Technologies, Santa Clara, Cali-
fornia, USA). PD-L1 expression by tumor cells and/or 
tumor-associated immune cells was determined using a 
combined positive score (CPS; number of PD-L1-positive 
cells (tumor cells, lymphocytes, macrophages)/total 
number of viable tumor cells ×100).

Whole blood samples for correlative analysis were 
obtained and processed at baseline and weeks 3 (prera-
diation), 11 (completion of radiation), 19 (consolida-
tion therapy), and 37 (end of treatment) or in case of 
premature discontinuation. MILLIPLEX Human Cyto-
kine/Chemokine/Growth Factor Panel A (Millipore, 
HCYTA-60K) was used to identify cytokines present in 

sera collected from trial patients. Samples were analyzed 
in triplicate by a FLEXMAP 3D (Luminex). Peripheral 
blood mononuclear cells were stained with fluorescent-
conjugated monoclonal antibodies specific for human 
CD3 (SK7, BioLegend), CD4 (RPA-T4, BD Biosciences), 
CD8 (REA734, Miltenyi Biotec), CD14 (M5E2), CD19 
(SJ25C1), CD45 (H130), CD56 (B159, all from BD Biosci-
ences), CD163 (215927, R&D Systems), and CD204 
(REA460, Miltenyi Biotec) and analyzed by flow cytom-
etry in a Fortessa (BD Biosciences). Finally, for the extra-
cellular vesicle (EV) analysis, plasma from trial patients 
were stained with monoclonal antibodies specific for 
CD63 (H5C6), CD71 (M-A172), CD81 (1D6), and PD-L1 
(MIH1) and a fluorescent dye to label lipid membranes 
(3,3′-Dioctadecyloxacarbocyanine perchlorate, Thermo 
Fisher); samples were immediately analyzed by flow 
cytometry in a Fortessa (BD Biosciences; online supple-
mental figure 1).

Statistical analysis
Descriptive statistics were used for demographic, safety, 
and treatment response analysis. Kaplan-Meier estimates 
of PFS and OS with 95% CIs were determined and differ-
ences between categories assessed using the logrank test. 
PFS was defined as time (days) from the day of the first 
dose of study drug to first disease progression event (new 
primary, recurrence, distant metastasis, or death from 
disease) or death from any cause; OS was defined as time 
(days) from the day of the first dose of study drug to 
death.

All biomarker analyses were exploratory. Univariate 
Cox proportional hazards regression modeling was 
used to evaluate the association of circulating cytokines, 
immune cells, and EVs with PFS. Welch’s t-test was used 
to compare the mean levels of circulating cytokines, 
immune cells, and EVs of those with to those without soft 
tissue ulceration.

All hypothesis testing was performed at a two-sided 
significance level of α=0.05 with adjustment for multiple 
testing (Benjamini-Hochberg method, false discovery 
rate <0.05) where applicable.19 Statistical analyses were 
carried out using the software package R V.3.6.1 (R Foun-
dation for Statistical Computing) and GraphPad Prism 
software (V.9; GraphPad Software) based on the database 
as of August 1, 2022.

RESULTS
Between July 13, 2017, and July 11, 2019, 24 patients 
provided consent and were enrolled in the study. At 
data cut-off, the median follow-up was 41.0 months. The 
median age of the study cohort was 61 years (range 48–77). 
Most study participants were men (83%) with ECOG PS 
0 (58%). Sixteen patients had a primary tumor localized 
in the oropharynx (14 HPV-positive and 2 HPV-negative), 
6 in the larynx, and 2 in the hypopharynx. Eight patients 
had stage II, 6 had stage III and 10 had stage IVA disease 
(AJCC, Eighth Edition). Among patients with quantifiable 
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PD-L1 IHC data, 17 of 22 (77%) had CPS ≥1. Baseline 
patient characteristics are summarized in table 1.

No grade 4–5 acute in-field toxicities were reported 
in the preplanned safety analysis in the first 12 patients, 
thus enrollment continued to a total of 24 patients. There 
were no delays to initiate definitive therapy. All 24 patients 

received radiation therapy per protocol to a dose of 
70 Gy over a median of 49 days (range 46–52). The mean 
number of administered nivolumab doses was 15.7 (range 
9–17) with 17 patients (71%) receiving all 17 doses; the 
mean number of administered ipilimumab doses was 5.5 
(range 3–6) with 18 patients (75%) receiving all 6 doses.

Safety
All 24 treated patients were assessed for safety. Grade 3 
or higher TRAEs were reported in 21 individuals (88%). 
Thirteen patients had treatment-related serious adverse 
events. TRAEs that led to treatment discontinuation were 
reported in seven cases (29%). One patient developed 
grade 3 colitis requiring discontinuation of study drugs 
and corticosteroid administration with subsequent full 
resolution of symptoms. One patient terminated therapy 
due to persistent mucositis without ulceration. Four 
additional patients discontinued therapy due to in-field 
necrosis resulting in ulceration. One patient experienced 
in-field erosion into the carotid artery 98 days post radio-
therapy completion and died of exsanguination after 
denying medical therapy, with no sign of active cancer. 
Grade 3–4 select (immune-related) TRAEs occurred 
in five patients (21%). Table 2 summarizes in-field and 
immune-related adverse events; all other TRAEs are 
shown in online supplemental table 1.

Table 1  Patient characteristics

Characteristic N (%)

Total 24 (100)

Age

Median (range) 60.5 (48–77)

Gender

 � Male 20 (83)

 � Female 4 (17)

ECOG performance status

 � 0 14 (58)

 � 1 10 (42)

Location of primary tumor

 � Oropharynx 16 (66)

 � p16+ 14 (88)

 � p16− 2 (12)

 � Larynx 6 (25)

 � Hypopharynx 2 (8)

Stage (AJCC Seventh Edition)

 � IVA 23 (96)

 � IVB 1 (4)

T stage

 � T1 1 (4)

 � T2 8 (33)

 � T3 9 (38)

 � T4 6 (25)

N stage

 � N0 1 (4)

 � N1 1 (4)

 � N2 21 (88)

 � N3 1 (4)

Stage (AJCC Eighth Edition)

 � II 8 (33)

 � III 6 (25)

 � IVA 10 (42)

PD-L1 CPS

 � <1 5 (21)

 � 1–19 8 (33)

 � ≥20 9 (38)

 � Not available 2 (8)

AJCC, American Joint Committee on Cancer; CPS, combined 
positive score; ECOG, Eastern Cooperative Oncology Group; PD-
L1, programmed death-ligand 1.

Table 2  Treatment-related adverse events. In-field toxicities 
including both acute and delayed effects are summarized 
along with selected immune-related adverse events

Event
Any grade, N 
(%)

Grade ≥3, N 
(%)

In-field

 � Mucositis 24 (100) 10 (42)

 � Dermatitis—radiation 24 (100) 6 (25)

 � Dysphagia 23 (96) 7 (29)

 � Odynophagia 21 (88) 3 (13)

 � Dysgeusia 21 (88) 0 (0)

 � Xerostomia 20 (83) 1 (4)

 � Edema 13 (54) 1 (4)

 � Pain 10 (42) 1 (4)

 � Soft tissue ulceration 5 (21) 3 (13)

 � Hemorrhage—upper 
airway

4 (17) 1 (4)

 � Hypothyroidism 4 (17) 0 (0)

 � Laryngeal stenosis 2 (8) 2 (8)

Immune-related

 � Dermatitis—drug 7 (29) 2 (8)

 � Pruritus 7 (29) 0 (0)

 � Thyroid dysfunction 4 (17) 0 (0)

 � Colitis 1 (4) 1 (4)

 � Elevated lipase 1 (4) 1 (4)

 � Hyperglycemia 1 (4) 1 (4)
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Sixteen of 24 patients (67%) experienced at least one 
grade 3 acute in-field toxicity during concurrent radioim-
munotherapy (RIT) or within 2 weeks after the last frac-
tion of radiation therapy; 7 patients (29%) experienced 
more than one grade 3 TRAE. No grade 4 or 5 TRAEs 
were recorded in this window. Soft tissue ulceration 
occurred in five individuals (21%). All ulcers occurred 
at the primary disease site and median time from radio-
therapy completion to ulcer detection was 91 days (range 
50–107). At data cut-off, four of the five patients (80%) 
had healed with a median of 237 days (range 148–330) 
until ulcer healing; two underwent hyperbaric oxygen 
therapy with complete resolution of the events. Eleven 
patients (46%) required percutaneous endoscopic 
gastrostomy (PEG)-tube placement, including three prior 
to and eight during radiation therapy. Four patients were 
PEG-dependent at 1 year post treatment initiation but 
only one at database lock. Median time to PEG removal 
was 291.5 days (range 116–1063).

Efficacy
Of the 24 patients evaluable for efficacy outcomes, none 
had progressive disease. Nineteen patients (79%) had 
a partial response (PR) and five patients (21%) had a 
complete response at the primary tumor and lymph 
node sites by RECIST, V.1.1. It should be noted that 9 of 
19 patients who achieved a PR were considered to have 
residual inflammatory or reactive postradiation changes at 
18F-FDG PET/CT performed 12 weeks after radiotherapy 
completion with no disease observed on physical exam-
ination and marked improvement in FDG avidity which 
resolved on subsequent evaluation. Median PFS for the 
study cohort was not reached; PFS at 1 year was 92% (95% 
CI 81% to 100%), PFS at 2 years was 88% (95% CI 75% to 
100%) and PFS at 3 years was 74% (95% CI 58% to 94%; 
figure 2A). Locoregional control rate was 100% (95% CI 
86% to 100%) at 1 and 2 years and 95% (95% CI 85% 
to 100%) at 3 years (figure 2B); no patient had failure 
at the primary site. Median OS for the study cohort was 
not reached; OS was the same at 1, 2, and 3 years, equal 
to 96% (95% CI 88% to 100%; figure 2C). Five patients 
had distant recurrence (including three with disease in 

Figure 2  Kaplan-Meier estimates of progression-free survival (PFS), locoregional control (LRC) and overall survival (OS). 
Kaplan-Meier estimates of PFS (A), LRC (B) and OS (C) of the entire study cohort. Tick marks indicate censored observations.
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lung, two of whom were concerning for new primary, one 
with hilar lymphadenopathy and one with disease in both 
the lung and mediastinal lymph nodes), one had recur-
rence in regional lymph nodes and one died without 
disease recurrence. All patients with distant recurrence 
received local treatment with curative intent; three of 
these patients were alive and free of disease progression 
at data cut-off.

Biomarker analysis
Baseline PD-L1 status was prospectively analyzed; tissue 
was available in 22 treated patients. There were no 
correlations detected between PD-L1 status and CPS, 
disease progression, or death.

Univariate analysis revealed several cytokines associated 
with PFS (online supplemental table 2). For example, 
decreased peripheral interferon (IFN)-γ levels were asso-
ciated with prolonged PFS at week 3 (p=0.043). As far as 
soft tissue ulceration status is concerned, changes in some 
cytokines within the concurrent RIT phase appeared to 

correlate with outcome (week 11/week 3 ratio; online 
supplemental table 3). In particular, peripheral decreases 
in interleukin (IL)4, IL9, IL12p70 as well as IL17a were 
associated with subsequent ulcer formation; notably, 
these associations remained significant after adjusting 
for multiple testing (padj=0.019, padj=0.019, padj=0.025 and 
padj=0.030, respectively; figure 3A–D).

Using multicolor flow cytometry, we also found that 
decreases in PD-L1 mean fluorescence intensity (MFI) 
in peripheral monocytes (CD14+) during consolidation 
immunotherapy (week 19/week 11 ratio) were associ-
ated with soft tissue ulceration (padj=0.003; online supple-
mental tables 4, 5). At week 19, patients with soft tissue 
ulceration had significantly decreased PD-L1, CD163 and 
CD204 MFI in peripheral monocytes (padj=0.011 for all 
three markers; figure 3E–G).

Finally, on-treatment changes in PD-L1 in EVs showed 
significant associations with both PFS and soft tissue ulcer-
ation (online supplemental tables 6,7). Decreases within 

Figure 3  Peripheral blood parameters associated with soft tissue ulceration. Decreases in circulating levels of IL4 (A), IL9 
(B), IL12p70 (C) and IL17a (D) within the concurrent radioimmunotherapy phase (week 11/week 3 ratio) are associated with soft 
tissue ulceration; magenta lines represent patients who subsequently developed soft tissue ulceration. At week 19, patients 
with soft tissue ulceration have significantly decreased expression of CD163 (E), CD204 (F), PD-L1 (G) in circulating monocytes 
as well as PD-L1 in circulating extracellular vesicles (H) compared with patients without soft tissue ulceration. EVs, extracellular 
vesicles; IL, interleukin; MFI, mean fluorescence intensity; PD-L1, programmed death-ligand 1; W3, week 3; W11, week 11.
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the concurrent RIT phase (week 11/week 3 ratio) were 
associated with prolonged PFS (p=0.006). In addition, 
decreased PD-L1 expression in EVs was associated with 
ulcer formation at week 19 (p=0.029; figure 3H).

DISCUSSION
Integration of PD-1 inhibitors in the treatment paradigm 
of R/M SCCHN has justified efforts to introduce immuno-
therapy earlier in the course of the disease, as an intensifi-
cation strategy in patients at high risk for recurrence.20–22 
For patients with LA SCCHN, concurrent chemoradio-
therapy confers an absolute survival benefit of 6.5% and 
3.6% at 5 and 10 years, respectively, compared with locore-
gional therapy alone.23 However, limited tolerability of 
high-dose cisplatin, representing the current standard 
of care, oftentimes poses therapeutic challenges and has 
precluded its use in elderly or frail individuals. To our 
knowledge, this is the first study combining nivolumab 
and ipilimumab with radiation therapy in the definitive 
setting for cisplatin-eligible patients with LA disease. 
According to the study schedule, a single, lead-in dose of 
nivolumab and ipilimumab was followed by concurrent 
RIT and subsequent consolidation immunotherapy using 
both agents, over a total period of 32 weeks.

Although rates of grade 3 or higher toxicities (88%) 
were comparable to historical controls with standard 
platinum-based chemoradiotherapy, we observed 
different toxicity profiles.24 As expected, the use of a 
chemotherapy-free regimen reduced the risk of grade 3 
or higher nausea and/or vomiting as well as cytopenias 
of any grade.9 However, a concern was the development 
of acute in-field toxicity. We observed rates of grade 3 
or higher radiation dermatitis and mucositis equal to 
25% and 42%, respectively. While rates of mucositis are 
similar to those reported with standard-of-care cisplatin, 
rates of radiation dermatitis appear substantially higher 
compared with 8% with the latter.9 In the CheckRad-CD8 
study, concurrent RIT with durvalumab and tremelim-
umab resulted in grade 3 or higher radiation dermatitis 
and mucositis in 9% and 14% of the cases, respectively.25 26 
Notably, concurrent RIT with nivolumab and ipilimumab 
resulted in higher rates of grade ≥3 radiation derma-
titis and mucositis compared with single-agent PD-(L)1 
blockade administered concurrently with standard-of-
care chemoradiotherapy as seen in both JAVELIN Head 
and Neck 100 and KEYNOTE-412.27 28

Soft tissue ulceration at the primary site occurred in 
21% of the cases at a median of about 3 months post 
completion of radiotherapy, representing a late in-field 
toxicity. This toxicity was fatal in one case, where the 
patient declined any medical intervention. Further-
more, persistent mucosal inflammation was noted in two 
cases; this led to early discontinuation in one patient. 
The incidence of soft tissue ulceration in our study was 
higher compared with a cohort of patients with similar 
eligibility criteria treated with standard-of-care cisplatin 
in the same institution during the same period of time 

(9%), concurrent chemoradiation with anti-PD(L)1, as 
well as RIT with durvalumab and tremelimumab that was 
assessed in the CheckRad-CD8 study (5%).25–29 Strate-
gies to reduce the incidence of soft tissue ulceration may 
include treatment de-escalation with reductions in the 
dose of radiotherapy, potentially starting with HPV-positive 
disease (at the example of NRG-HN005, NCT03952585), 
as well as the use of predictive biomarkers. Interestingly, 
we observed that cytokine changes within the concur-
rent RIT phase correlated with subsequent ulcer forma-
tion. Decreases in circulating levels of IL4, IL9, IL12p70 
and IL17a were all associated with soft tissue ulceration. 
Predominantly produced by T-helper 17 (Th17) cells, 
IL-9 has been shown to act through the STAT3 and STAT5 
signaling pathways to support both Th17 cell differentia-
tion in an autocrine manner and regulatory T cell (Treg) 
function; absence of IL-9 signaling weakens the suppres-
sive activity of Tregs in vivo, tipping the balance towards 
inflammation.30 Moreover, IL-4 is a major Th2 cytokine 
that suppresses the pro-inflammatory milieu and drives 
alternative (M2) macrophage activation.31 32 The latter 
supports the ensuing decrease in circulating M2 macro-
phages within the consolidation phase (week 19/week 
11 ratio) that we found to correlate with soft tissue ulcer-
ation as well.

Any grade as well as grade 3 or higher immune-
mediated dermatologic adverse events were recorded in 
29% and 8% of the patients, respectively, which is higher 
than 9% and 3%, respectively, reported in the CheckMate 
651 study, suggesting a potential additive or synergistic 
effect of radiation therapy with dual immune checkpoint 
blockade.14

With PFS rates of 74% and OS rates of 96% at 3 years, 
definitive RIT with nivolumab and ipilimumab compared 
favorably to standard chemoradiotherapy using high-
dose cisplatin.7 9 24 Although PD-L1 CPS did not predict 
outcome, decreases in EV PD-L1 again during concur-
rent RIT (week 11/week 3 ratio) were associated with 
prolonged PFS, consistent with current literature.33 34 
Notably, definitive RIT resulted in excellent locoregional 
control of the disease, with only one regional failure and 
no local failure in 24 patients at high risk for recurrence. 
The latter may be explained by a growing in-field inflam-
matory reaction caused by the synergy of radiotherapy 
with dual immune checkpoint blockade; the significantly 
decreased expression of PD-L1 in both circulating mono-
cytes and EVs seen at week 19 in patients who developed 
ulcers may serve as an indication of ongoing treatment 
response resulting in local accumulation of immune cells 
and excessive tissue damage.

A limitation of this study is the small sample size. Addi-
tionally, the fact that 14 of 24 study participants had HPV-
positive oropharyngeal SCCHN and no patient had stage 
IVB disease (AJCC Eighth Edition) raise the concern 
for selection bias, which may impact efficacy outcomes. 
Combined with the lack of a comparator arm, which is 
inherent to the phase I study design, all the above preclude 
definitive conclusions regarding treatment efficacy.
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Given the negative results of PembroRad and discour-
aging data from phase III studies that incorporated 
chemotherapy with PD-(L)1 inhibitors (avelumab, 
pembrolizumab), our approach combining PD-1 and 
CTLA4 blockade appears reasonable.27 28 The combina-
tion of nivolumab and ipilimumab with IMRT is currently 
being investigated in the context of a phase II study that 
is estimated to enroll 180 patients with LA, HPV-positive 
oropharyngeal SCCHN (NCT03799445); this study 
schedule differs in that one full cycle of dual immune 
checkpoint inhibition will be administered before radio-
therapy initiation and no consolidation immunotherapy 
will be prescribed.

In summary, definitive RIT with nivolumab and ipili-
mumab showed promising efficacy with outstanding 
locoregional control and was generally safe but raised the 
concern of higher than usual in-field soft tissue ulceration. 
Future studies will need to interrogate the efficacy of 
concurrent RIT with dual immune checkpoint blockade 
across patient subgroups and identify biomarkers of 
response, with simultaneous incorporation of strategies 
to prevent soft tissue ulceration. Based on our results, this 
approach may be relevant for both cisplatin-eligible and 
cisplatin-ineligible patients.
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