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Abstract

Purpose: Programmed death-1 immune checkpoint blockade improves survival of patients 

with recurrent/metastatic head and neck squamous cell carcinoma (HNSCC), but the benefits 

of addition to (chemo)radiation for newly diagnosed patients with HNSCC remain unknown.

Methods and Materials: We evaluated the safety of nivolumab concomitant with 70 Gy 

intensity modulated radiation therapy and weekly cisplatin (arm 1), every 3-week cisplatin (arm 

2), cetuximab (arm 3), or alone for platinum-ineligible patients (arm 4) in newly diagnosed 

intermediate- or high-risk locoregionally advanced HNSCC. Patients received nivolumab from 2 

weeks prior to radiation therapy until 3 months post-radiation therapy. The primary endpoint was 

dose-limiting toxicity (DLT). If ≤2 of the first 8 evaluable patients experienced a DLT, an arm was 

considered safe. Secondary endpoints included toxicity and feasibility of adjuvant nivolumab to 1 

year, defined as all 7 additional doses received by ≥4 of the first 8 evaluable patients across arms.

Results: Of 39 patients (10 in arms 1, 3, 4 and 9 in arm 2), 72% had T3–4 tumors, 85% had 

N2–3 nodal disease, and 67% had >10 pack-years of smoking. There were no DLTs in arms 1 

and 2, 1 in arm 3 (mucositis), and 2 in arm 4 (lipase elevation and mucositis in 1 and fatigue 

in another). The most common grade ≥3 nivolumab-related adverse events were lipase increase, 

mucositis, diarrhea, lymphopenia, hyponatremia, leukopenia, fatigue, and serum amylase increase. 

Adjuvant nivolumab was feasible as defined in the protocol.

Conclusions: Concomitant nivolumab with the 4 tested regimens was safe for patients with 

intermediate- and high-risk HNSCC, and subsequent adjuvant nivolumab was feasible as defined 

(NCT02764593).

Introduction

Approximately 40% of patients with intermediate- or high-risk locoregionally advanced 

head and neck squamous cell carcinoma (HNSCC) experience disease progression within 

5 years of standard-of-care every 3-week (q3 week) cisplatin and standard fractionated 

radiotherapy.1,2 To date, neither accelerated fractionation nor the addition of the epidermal 

growth factor inhibitor cetuximab has improved survival outcomes.1,3 HNSCC development 

is facilitated in part by immune evasion, including aberrant tumor expression of the 

programmed death ligand (PD-L) 1/PD-L2, resulting in suppression of tumor cell killing 

by tumor-infiltrating lymphocytes that express the programmed cell death protein-1 (PD-1) 

receptor.4 Tumor PD-L1 expression is associated with reduced survival of patients with oral 

cavity squamous cell carcinoma, whereas high tumor-infiltrating lymphocytes are associated 

with improved survival of those with oropharyngeal cancers.5 These data support the 

potential of inhibiting PD-1/PD-L1 checkpoint pathways to improve survival outcomes for 

this patient population.

PD-1/PD-L1 immune checkpoint blockade (ICB) with pembrolizumab or nivolumab has 

altered treatment paradigms for patients with recurrent or metastatic (R/M) HNSCC. In 

the first-line setting, the addition of pembrolizumab to platinum-doublet chemotherapy 

significantly improved overall survival.6 In patients with platinumrefractory recurrent 

metastatic HNSCC, nivolumab significantly improved survival compared with single-agent 

therapy of investigators’ choice.7,8 Both pembrolizumab and nivolumab were approved for 
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the second-line treatment of R/M HNSCC in 2016. Given this therapeutic advancement in 

R/M HNSCC and evidence of PD-1 ICB synergistic activity with radiotherapy,9–12 trials 

were rapidly designed to investigate whether the addition of a PD-1/PD-L1 ICB could 

improve survival of patients with newly diagnosed, locoregionally advanced (LRA) HNSCC.

We report here the results of a clinical trial designed to evaluate the safety, feasibility, 

and patient compliance with the addition of nivolumab to the 4 most frequently prescribed 

treatment regimens for primary therapy of newly diagnosed LRA HNSCC.

Methods and Materials

Protocol

Eligibility criteria for arms 1 to 4 included the following: untreated patients with 

pathologically confirmed American Joint Committee on Cancer 7th edition stage III to 

IV squamous cell carcinoma of the oral cavity, hypopharynx, larynx, or p16-negative 

oropharynx (T1-T2N2a-N3 or T3-4N0-N3)13 or p16-positive oropharynx with smoking 

status >10 pack-years (T1-2N2b-N3 or T3-4N0-3) or ≤10 pack-years (T4N0-N3 or T1–

3N3); Zubrod performance status 0 to 1 (arms 1–3)14; age ≥18 years; and adequate bone 

marrow, hepatic, and renal function (arms 1–3). Additional eligibility criteria for arm 4 

only (eg, the platinum-ineligible group) included 1 or more of the following: age ≥70 

years, Zubrod performance status 2, baseline grade ≥3 neuropathy, grade ≥2 hearing loss, or 

creatinine clearance <50 mL/min. Lifetime tobacco exposure was determined at enrollment 

by use of a standardized questionnaire.

Patients were enrolled sequentially in arms 1 to 3, and arm 4 was open concurrently with 

arms 1 to 3. Sequential enrollment to arms was chosen to facilitate a more rapid assessment 

of safety of each regimen than would be achieved with randomization. Intravenous systemic 

therapy differed by treatment arm, but the first dose of nivolumab was administered to 

all patients 14 days before the start of radiation therapy (RT). Patients assigned to arm 

1 received nivolumab 240 mg every 14 days for 10 doses and cisplatin 40 mg/m2 for 7 

weekly doses concurrent with RT. Patients assigned to arm 2 received nivolumab 240 mg 

once, then nivolumab 360 mg every 21 days for 6 doses and cisplatin at a dose of 100 

mg/m2 on days 1, 22, and 43 of RT. Patients assigned to arm 3 received nivolumab 240 mg 

every 14 days for 10 doses and cetuximab 400 mg/m2 loading 7 days before the start of 

RT followed by cetuximab 250 mg/m2 for 7 weekly doses concurrent with RT. Patients in 

arm 4 received nivolumab 240 mg every 14 days for 10 doses and RT alone. All patients 

received maintenance nivolumab 480 mg every 28 days for 7 doses starting 12 weeks 

after completion of RT. All patients received standard fractionation intensity modulated RT 

(IMRT) that consisted of 70 Gy in 35 fractions (2 Gy/fraction) over 7 weeks to the primary 

tumor and involved nodes. The subclinical disease sites, which included a 10-mm margin 

around the primary tumor and elective nodal regions, received 56 Gy at 1.6 Gy/fraction 

using the simultaneous integrated boost technique. Regions that were considered high risk 

for microscopic disease such as the margin around endophytic tumors or the tumor/nodes 

with illdefined borders received 61.25 Gy at 1.75 Gy/fraction. Image guided RT was used 

for all patients, and all participating institutions were credentialed for head and neck IMRT 

and image guided RT before entering patients into the study.

Gillison et al. Page 3

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2024 June 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acute toxicity was evaluated weekly during RT and before each dose of nivolumab using 

Common Terminology Criteria for Adverse Events version 4 (http://ctep.info.nih.gov). The 

following additional laboratory tests were obtained to screen for potential nivolumab-related 

toxicities: alanine transaminase, aspartate transaminase, total bilirubin, alkaline phosphatase, 

amylase, lipase, and thyroid stimulating hormone at baseline, within 72 hours before each 

dose of nivolumab, during and up to 12 weeks after radiation treatment, then every 28 days 

during adjuvant nivolumab for all arms. In the event of toxicity, nivolumab administration 

was delayed, reinitiated, or discontinued per standard management algorithms (https://

www.rtog.org/Clinical-Trials/Foundation-Studies/3504). Protocol-specified events of interest 

that are likely related to nivolumab include grade ≥2 drug-related uveitis; grade ≥3 

drug-related pneumonitis, bronchospasm, diarrhea, colitis, neurologic adverse event (AE), 

hypersensitivity reaction, or infusion reaction; grade 3 drug-related thrombocytopenia >7 

days or associated with bleeding that requires discontinuation; any grade 4 drug-related AE 

or laboratory abnormality associated with clinical sequelae or persisting despite appropriate 

corrective management or steroid; and any AE, laboratory abnormality, or intercurrent 

illness that, in the judgment of the investigator, presents a substantial clinical risk to 

the patient with continued nivolumab dosing. Criteria for dose delay, reduction, and 

discontinuation of weekly and q3 week cisplatin because of related toxicity were specified 

in the protocol. Calls were scheduled every other week among enrolling sites, the principal 

investigator, the committee chair, and the trial statistician to review AEs for dose-limiting 

toxicity (DLT) determination.

Physical examination and imaging studies were performed every 3 months for 2 years 

after completion of RT to assess late toxicities (Common Terminology Criteria for Adverse 

Events) and tumor status by Radiation Therapy Oncology Group (RTOG) criteria.15,16 

RTOG Foundation 3504 was registered with the National Cancer Institute (NCT02764593) 

and approved by the institutional review boards of all participating institutions. All patients 

provided written informed consent. Quality assurance reviews for administration of systemic 

therapy and RT were performed by RTOG Foundation standard operating procedures.

Laboratory studies

The analysis of tumor p16 status was restricted to patients with oropharyngeal squamous 

cell carcinoma.17 Tumor p16 expression was evaluated by immunohistochemistry at the 

participating institution and confirmed by central review as positive using the H-score 

method as described by Jordan et al.18 Sections from pretreatment formalin-fixed paraffin 

embedded tumor tissues were stained using the Agilent (formerly Dako) 28–8 IUO kit, 

containing monoclonal rabbit anti-PD-L1, primary antibody clone 28–8, by using the 

EnVision FLEX visualization system on a Dako Autostainer Link 48 system. A minimum of 

100 cells were scored for each patient sample and was resulted as positive if more than 1% 

of the tumor cells exhibited partial or complete membranous expression of PD-L1. Negative 

reagent controls were evaluated in each case to confirm acceptable background staining. 

Staining intensity was not part of the evaluation. Tumor proportion score (TPS)16,19 and 

combined positive score (CPS)16,19 were generated for PD-L1 staining for each case.
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RTOG Foundation 3504 was conducted by investigators at 9 institutions per contractual 

agreement with the RTOG Foundation and supported by Bristol-Myers Squibb. Study design 

and implementation, study data (collection, analysis, and interpretation), and manuscript 

preparation were performed by the authors as representatives of the RTOG Foundation and 

the RTOG Foundation Statistics and Data Management Center. The authors had complete 

access to all data. The first, second, and last authors serve as guarantors of all analyses and 

manuscript content.

Study design and statistical analysis

The principal objective of the study was to evaluate the safety of the addition of nivolumab 

to 4 standard-of-care chemoradiotherapy (CRT) regimens for the treatment of newly 

diagnosed LRA HNSCC. The primary endpoint was DLT and was defined as any grade 

≥3 AE related to nivolumab that did not resolve to grade ≤1 within 28 days; a delay in RT 

of more than 2 weeks due to nivolumab-related toxicity; inability to complete RT due to 

nivolumab-related toxicity; or an inability to receive an adequate dose (≥70%) of cisplatin or 

cetuximab due to nivolumab-related toxicity. The period of DLT observation was from day 

−14 (start of nivolumab) to 28 days after completion of RT.

Ten patients were enrolled per arm to ensure a minimum of 8 evaluable patients for DLT, 

defined as those who received at least 1 dose of nivolumab, 1 fraction of RT, 1 dose of 

cisplatin or cetuximab (where applicable), and those who completed the DLT observation 

period (in the absence of DLT). Unevaluable patients were replaced, and the first 8 evaluable 

were analyzed for DLT. For each arm, the regimen would be considered safe if 0 to 2 

patients experienced DLT events but too toxic if >2 of 8 patients had DLTs. With a cohort 

of 8 patients, the probability of the arm being judged to be too toxic when the true toxicity 

rate was 45% or higher was at least 78%. If the true toxicity rate was 20% or lower, the 

probability that the therapy would be too toxic was at most 20%.

The principal secondary objective included evaluation of the feasibility of 7 months of 

adjuvant nivolumab. Evidence of infeasibility included patient refusal, discontinuation due 

to DLT, and physician decision that therapy was no longer in the best interests of the 

patient in the absence of disease progression. If more than 4 of the first 8 evaluable 

patients across arms stopped the adjuvant therapy before 7 months, the adjuvant therapy 

was considered infeasible. The probability that adjuvant nivolumab was infeasible when the 

true noncompliance rate was 70% or higher was at least 81%. If the true noncompliance rate 

was 40% or lower, the probability that the therapy was feasible was 83%.

Disease progression and death counts were also reported. Progression was defined by 

Response Evaluation Criteria in Solid Tumors version 1.1 criteria or as clinical evidence of 

disease progression in a radiated field confirmed by cytology or histopathology. A positive 

biopsy at the primary site or involved nodes that occurred ≤20 weeks from the end of RT 

was categorized as disease persistence and >20 weeks as progression. Time to progression 

and death were measured from the date of treatment assignment and presented in swimmer 

plots. Median follow-up was calculated by the reverse Kaplan-Meier method and measured 

from date of treatment assignment. The association between CPS and TPS was measured by 

phi coefficient and compared by χ2 test.
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Results

From June 1, 2016, to September 27, 2018, 43 patients were enrolled at 9 institutions, 

and 40 eligible patients were assigned a treatment. A study schema is shown in Fig. 

1. Because of cancer progression before initiation of therapy, 1 patient in arm 2 was 

excluded from analysis. The demographic and baseline characteristics of the 39 remaining 

patients are shown in Table 1. Median age was 62 years. A majority were male, White, 

and diagnosed with laryngeal or oropharyngeal cancer. Of the 39 patients, 61.5% had p16-

positive oropharyngeal cancer, and median pack-years of tobacco smoking was 21 (range, 

0–74).

AEs

Table E1 lists all grade 3 to 4 treatment-related AEs regardless of attribution. All 

patients in arms 1 to 3 experienced at least 1 grade 3 to 4 event related to protocol 

therapy, as did 7 of 10 patients in arm 4. AEs of grade ≥3 in 2 or more patients 

included gastrointestinal disorders (dysphagia, mucositis, nausea, vomiting, and diarrhea); 

investigations (lymphopenia, neutropenia, white blood cell decrease, lipase and amylase 

elevation, and weight loss); metabolism and nutrition disorders (anorexia, dehydration, and 

hyponatremia); ear and labyrinth disorders (hearing impairment); respiratory, thoracic, and 

mediastinal disorders (aspiration, dyspnea, and other); injury, poisoning, and procedural 

complications (dermatitis radiation); blood and lymphatic system disorders (anemia); and 

general disorders and administration site conditions (fatigue). Of note, there were no grade 

≥3 renal and urinary disorders in either of the cisplatin arms and only 1 grade 3 radiation 

dermatitis each in the weekly cisplatin, cetuximab, and RT alone arms and none in the q3 

week cisplatin arm. There was no grade 5 treatment-related death.

Shown in Table 2 are grade 3 to 4 AEs attributable to nivolumab. Grade ≥3 AEs were 

consistent with known toxicities of single-agent nivolumab and were more frequent in arms 

1 and 4 than in arms 2 to 3. In all 39 patients, only 1 grade 4 nivolumab-attributable event of 

amylase increase was observed in arm 1.

A summary of DLTs is presented in Table 3. All of the DLTs were grade 3 nivolumab-

attributable events that did not resolve within 28 days. Of the 10 patients enrolled in arm 

1 (nivolumab plus weekly cisplatin), 2 withdrew consent during the DLT window and were 

considered unevaluable. None of the 8 evaluable patients experienced a DLT. Of the 9 

evaluable patients in arm 2 (nivolumab plus q3 week cisplatin), none experienced a DLT. 

Of the 10 patients in arm 3 (nivolumab plus cetuximab), 1 withdrew consent during the 

DLT window and was considered unevaluable. One of the remaining 9 evaluable patients 

experienced a DLT, grade 3 mucositis. In arm 4, all 10 enrolled patients were evaluable. 

Three of 10 experienced 1 or more DLTs, including grade 3 lipase elevation and mucositis, 

fatigue, and lymphocyte count decrease. However, the regimen was considered safe per 

protocol because only 2 of the first 8 evaluable patients experienced a DLT. Therefore, all 4 

regimens were considered safe and worthy of further investigation.

With regards to serious AEs (SAEs), there were 7 SAEs reported in 4 patients on arm 

1 (Table E2). Arthralgia and myalgia were considered related to nivolumab. On arm 2, 
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there were 14 SAEs reported in 4 patients. Acute kidney injury and sinus tachycardia were 

considered related to nivolumab. The death not otherwise specify (cause of death unknown) 

occurred 234 days after completion of chemoradiation and 17 days after last nivolumab 

dose and was considered unrelated to chemoradiation or nivolumab. On arm 3, there were 

13 SAEs reported in 5 patients. No SAEs on arm 3 were considered related to nivolumab. 

On arm 4, there were 15 SAEs reported in 5 patients. No SAEs on arm 4 were considered 

related to nivolumab. Grade 5 ventricular tachycardia occurred 14 days after completion 

of RT and 37 days after last nivolumab dose and was considered unrelated to radiation or 

nivolumab. The patient had a prior history of ventricular tachycardia. Grade 5 death due to 

head and neck cancer progression occurred 86 days after completion of RT and 37 days after 

last nivolumab dose and was considered unrelated to radiation or nivolumab.

Treatment compliance during RT portion

No treatment discontinuation of RT in arms 1 to 4 or of chemotherapy in arms 1 to 3 was 

attributable to nivolumab toxicity (Table 4). On arm 1, 8 of 10 patients received 70 Gy and 7 

of 10 received ≥200 mg/m2 cisplatin. Seven of 10 patients completed concurrent nivolumab. 

On arm 2, all 9 patients received 70 Gy and 8 of 9 received ≥200 mg/m2 cisplatin. Seven 

of 9 patients completed concurrent nivolumab but 1 of the 7 completers refused adjuvant 

nivolumab. On arm 3, 7 of 10 patients received 70 Gy and 8 of 10 received 7 or 8 doses of 

cetuximab. Nine of 10 completed concurrent nivolumab but 1 of the 9 completers refused 

adjuvant nivolumab. On arm 4, all 10 patients received 70 Gy. Six of 10 patients completed 

concurrent nivolumab. See Table E3 for additional details of concurrent nivolumab.

Feasibility of adjuvant therapy

Of the first 8 evaluable patients across treatment arms, all 7 doses of adjuvant nivolumab 

were completed in 6 patients (Tables 4 and E4), so per the protocol design, the adjuvant 

nivolumab is considered feasible. Within each arm, 6 of 8, 3 of 8, 4 of 8, and 3 of 6 

evaluable patients in arms 1, 2, 3, and 4, respectively, completed 7 doses of adjuvant 

nivolumab. Table E4 shows additional details of adjuvant nivolumab.

Follow-up

Patients were followed prospectively for 2 years after RT. At median follow-up of 2.2 years, 

28 of 39 patients were alive without cancer progression. Time from treatment assignment to 

withdrawal of consent, cancer progression, death, or completion of 2 years of follow-up are 

provided in the form of swimmer plots in Fig. 2. We also stained tumor tissues for PD-L1 

expression and determined that 17 (47%) of 36 evaluable tumor specimens were positive 

(ie, PD-L1 CPS ≥ 1). There was no obvious relationship between CPS/TPS and death or 

progression in this small group of patients (Fig. 2, Table E5). Note that there appears to be 

an association between CPS and TPS (Table E6).

Discussion

CRT is the current standard of care for patients with unresected locally advanced HNSCC; 

however, survival is not sufficiently high.3 Immune checkpoint inhibitors have been 

approved for the treatment of patients with recurrent/metastatic HNSCC,6,8 but there are 
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limited data for their use in the locoregionally advanced setting.20 Addition of ICB to CRT 

for intermediate- or high-risk, locally advanced HNSCC might provide increased survival. 

In this population, there are currently several standards of care, including the 2 cisplatin-

containing regimens based on the National Comprehensive Cancer Network guidelines.21 Of 

note, during the time this trial was designed and enrolling patients (2016–2018), cetuximab 

was part of the standard of care because the results of RTOG 1016 were not released 

until late 2018, when most of the patients had been enrolled. Based on the findings of 

RTOG 1016,22 cetuximab or RT alone is considered useful for those intolerant to systemic 

chemotherapy.23

The results from RTOG Foundation 3504 indicate that the addition of nivolumab to 

all 4 regimens evaluated was safe based upon the number of observed DLT events in 

each arm. The majority of patients completed RT per protocol. Three of 10 patients 

in the weekly cisplatin arm and 1 of 9 patients in the q3 week cisplatin arm received 

less than 200 mg/m2 of concurrent cisplatin, a suggested important dose threshold.24 

Although these were due to patient refusal or toxicities not attributable to nivolumab, 

we cannot exclude the possibility that common toxicities attributable to chemotherapy 

were exacerbated by nivolumab, making the overall regimen intolerable to patients. The 

sequential, rather than randomized, assignment of patients to treatment arms could introduce 

selection bias and understate toxicities that would be experienced by an unselected patient 

population. Larger studies are needed to determine whether the addition of PD-1/L1 ICB 

could affect disease control by compromising systemic chemotherapy administration. A 

strategy to avoid compromising the concurrent chemoradiation treatment is to administer 

PD-1/L1 ICB after completion of RT as per the recently completed IMvoke 010 trial in 

HNSCC (NCT03452137) and the currently accruing Eastern Cooperative Oncology Group 

and the American College of Radiology Imaging Network 3161 trial in intermediate-risk 

human papillomavirus–related HNSCC (NCT03811015), analogous to the PACIFIC trial for 

patients with stage III non-small cell lung cancer.25 A recently reported phase II randomized 

trial comparing concurrent or sequential fixed dose pembrolizumab with IMRT and weekly 

cisplatin suggested that sequential pembrolizumab yielded numerically higher 1- and 2-year 

progression-free survival compared with concurrent administration (NCT02777385).26

Across treatment arms in RTOG Foundation 3504, administration of adjuvant nivolumab 

for 1 year after RT was considered feasible per the protocol plan because the first 6 of 8 

patients received all 7 cycles of nivolumab. These patients were primarily in arm 1 (weekly 

cisplatin arm); thus, the lack of randomization could have biased this endpoint. Because of 

this potential bias, we reported the number of patients who completed adjuvant nivolumab 

in each arm, although this was not part of the protocol analysis plan. As shown in Table 

4, adjuvant nivolumab may only be feasible after radiation plus weekly cisplatin (arm 1) or 

radiation plus cetuximab (arm 3) but not after radiation plus every 3-week cisplatin (arm 2) 

or RT alone in cisplatin-ineligible patients (arm 4). Although the results from JAVELIN 100 

suggested that adjuvant therapy with the PD-L1 inhibitor avelumab was feasible, a higher 

percentage of patients randomized to the avelumab arm (149 of 291, 51%) discontinued the 

adjuvant treatment early compared with the placebo arm (110 of 304, 39%).20 If the primary 

benefit of immune checkpoint inhibitors is in the adjuvant phase, methods to improve patient 

compliance require further investigation.
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The JAVELIN Head and Neck 100 trial of avelumab plus chemoradiotherapy is the first 

report of a randomized, phase 3 study of an immune checkpoint inhibitor combined 

with chemoradiotherapy and the first report of a phase 3 trial investigating an immune 

checkpoint inhibitor in LRA HNSCC.20 Avelumab plus chemoradiotherapy followed by 

avelumab maintenance did not significantly improve progression-free survival compared 

with placebo plus chemoradiotherapy followed by placebo maintenance. Based on an 

exploratory analysis, a potential progression-free survival benefit was observed with 

avelumab plus chemoradiation in patients whose tumors expressed high levels of PD-L1, 

and this could be explored further in future studies. These findings will help inform the 

design of ongoing and future trials and highlight the need for more research into the 

effects of the combination of ICB plus chemoradiotherapy in LRA HNSCC. Unfortunately, 

although not yet available for peer review, the addition of concurrent and maintenance 

pembrolizumab to chemoradiotherapy did not significantly improve event-free survival in 

Keynote 412 (NCT03040999).27 A recent preclinical study showed that blockade of the 

PD-1 pathway after local tumor irradiation resulted in the expansion of polyfunctional 

intratumoral CD8+ T cells, a decrease in intratumoral dysfunctional CD8+ T cells, expansion 

of reprogrammable CD8+ T cells, and induction of potent abscopal responses, whereas 

administration of aPD-1 before irradiation almost completely abrogated systemic immunity 

due to the death of CD8+ T cells and subsequent reduction of polyfunctional effector CD8+ 

T cells at the irradiated tumor site.28 Whether this observation is clinically relevant is being 

studied in ongoing trials.

Unlike the JAVELIN 100 trial, we did not observe a relationship between CPS or TPS score 

with treatment outcome in our patients. However, the number of patients was too small, 

and the number of events in arms 1 and 2 was too few in our study to rigorously assess 

association. The results of the highly anticipated IMvoke 010 trial (NCT03452137) and 

EA3161 in HNSCC will help determine whether the addition of adjuvant PD1/PDL1 ICB to 

CRT will benefit patients with LRA HNSCC and which patient subsets, if any, would be best 

served with this approach.
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Fig. 1. 
Study schema for RTOG Foundation 3504.
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Fig. 2. 
Years from treatment assignment to end of treatment, consent withdrawal, disease 

progression, and death in arm 1 (A), arm 2 (B), arm 3 (C), and arm 4 (D).
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