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Summary
Background Radiotherapy is an integral component of treatment for oropharyngeal cancer. Toxicity from the current 
state-of-the-art photon radiotherapy, intensity-modulated radiation therapy (IMRT), has prompted the search for 
alternative, less toxic therapies. One such alternative that might de-intensify treatment is proton therapy. In this trial, 
we aimed to directly compare IMRT with intensity-modulated proton therapy (IMPT), both concurrent with systemic 
therapy, hypothesising comparable disease control and survival and lower toxicity.

Methods This randomised, multicentre, open-label, non-inferiority, phase 3 trial was conducted in 21 sites (cancer 
centres or universities) in the USA. Patients (aged ≥18 years) with stage III or stage IV oropharyngeal cancer and an 
Eastern Cooperative Oncology Group performance status of 0–2 were recruited and randomly assigned 1:1 to receive 
IMPT or IMRT. All patients were treated with radiotherapy to 70 Gy in 33 fractions to the primary tumour site and 
cervical lymphadenopathy. The type, schedule, and dose of induction or concurrent systemic therapy were chosen 
locally by each institution’s multidisciplinary tumour board and were consistent with international guidelines. The 
primary endpoint was progression-free survival and was assessed in the intention-to-treat population; safety outcomes 
were assessed in the per-protocol population (ie, patients who received the assigned therapy). A non-inferiority 
margin of 9 percentage points for progression-free survival at 3 years was used. This trial is registered with 
ClinicalTrials.gov (NCT01893307) and is closed to further accrual after prespecified interim analysis.

Findings From Oct 10, 2013, to May 1, 2022, 440 patients consented (median age 61 years [IQR 55–68], 399 [91%] male, 
409 [93%] White); 221 were allocated to the IMPT group (with 160 [72%] receiving IMPT) and 219 to the IMRT group 
(136 [62%] receiving IMRT). At a median follow-up time of 3·2 years, progression-free survival rates for the IMPT 
group were 82·5% (95% CI 76·1–87·3) at 3 years and 81·3% (74·5–86·5) at 5 years; corresponding rates for the 
IMRT group were 83·0% (76·7–87·7) and 76·2% (68·0–82·6; hazard ratio [HR] 0·88 [95% CI 0·57–1·35]; 
p=0·005 for non-inferiority of IMPT). Overall survival rates after IMPT were 90·9% at 5 years versus 81·0% after 
IMRT (HR 0·58 [95% CI 0·34–0·99]; p=0·045). Treatment-related deaths occurred in nine patients; six in the IMRT 
group and three in the IMPT group. Deaths from disease progression occurred in 27 patients; 18 in the IMRT group 
and nine in the IMPT group. 5-year disease control rates for IMPT versus IMRT were similar between treatment 
groups (local recurrences  2·9% vs 5·6%, p=0·474; regional recurrences 3·4% vs 3·2%, p=0·860; and distant 
metastases 9·1% vs 8·9%, p=0·897). Severe lymphopenia was more common in the IMRT group (89% vs 76%), as 
were dysphagia (49% vs 31%), xerostomia (45% vs 33%), and gastrostomy tube dependence (40·2% vs 26·8%; 
p=0·018).

Interpretation IMPT showed non-inferiority to IMRT for progression-free survival, improvement in overall survival, 
similar disease control, and reduced high-grade toxicity relative to IMRT. Treatment-related and post-progression 
deaths occurred more frequently with IMRT. IMPT is a new standard-of-care treatment option for patients with 
oropharyngeal cancer.

Funding MD Anderson Cancer Center, Massachusetts General Hospital, National Institutes of Health, Hitachi 
America.

Copyright © 2025 Elsevier Ltd. All rights reserved, including those for text and data mining, AI training, and similar 
technologies.

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(25)01962-2&domain=pdf


Articles

175www.thelancet.com   Vol 407   January 10, 2026

J Paly DO); Department of 
Radiation Oncology, Mayo 
Clinic–Arizona, Phoenix, AZ, 
USA (Prof S H Patel MD); 
Department of Radiation 
Oncology, University of 
Alabama at Birmingham 
School of Medicine, 
Birmingham, AL, USA 
(J W Snider MD); Department of 
Radiation Oncology, School of 
Medicine, University of 
Maryland, Baltimore, MD, USA 
(J W Snider MD, 
J K Molitoris MD PhD); Mayo 
Clinic–Rochester, Rochester, 
MN, USA (Prof D J Ma MD, 
Prof R L Foote MD); New York 
Proton Center–Department of 
Radiation Oncology, Memorial 
Sloan Kettering Cancer Center, 
New York City, NY, USA 
(N Y Lee MD); Department of 
Radiation Oncology, University 
of Washington, Seattle, WA, 
USA (Prof U Parvathaneni MD, 
J J Liao MD); Winship Cancer 
Institute of Emory University, 
Atlanta, GA, USA 
(Prof M W McDonald MD); 
Department of Radiation 
Oncology, Miami Cancer 
Institute, Miami, FL, USA 
(N S Kalman MD); Department 
of Radiation Oncology, 
Perelman School of Medicine, 
University of Pennsylvania, 
Philadelphia, PA, USA 
(Prof A Lin MD); Northwestern 
Medicine, Feinberg School of 
Medicine, Chicago, IL, USA 
(N Mohammed MD); 
Department of Radiation 
Oncology, University of 
Oklahoma Health Sciences, 
Oklahoma City, OK, USA 
(C Henson MD); McLaren 
Proton Therapy Center, 
Karmanos Cancer Center, 
Detroit, MI, USA (C Hyde MD); 
Inova Radiation Oncology and 
Mather Proton Therapy Center, 
Schar Cancer Institute. Fairfax, 
VA, USA (G K Bajaj MD); Willis-
Knighton Cancer Center, 
Shreveport, LA, USA 
(S R Katz MD); University of 
Florida Health Proton Institute, 
Jacksonville, FL, USA 
(R Dagan MD)

Correspondence to: 
Prof Steven J Frank, Department 
of Radiation Oncology, 
The University of Texas 
MD Anderson Cancer Center, 
Houston, TX 77030, USA 
sjfrank@mdanderson.org

See Online for appendix

Introduction
The incidence and mortality of oropharyngeal cancer 
have increased over the past three decades, owing to the 
increasing prevalence of human papillomavirus (HPV)-
mediated disease, although HPV-negative tumours, 
commonly associated with a history of smoking, are still 
prevalent.1,2 Treatment approaches have evolved in 
parallel and now largely consist of multimodality 
therapy—ie, radiation therapy, systemic therapy, and 
surgery. One component of multimodality treatment is 
photon-based intensity-modulated radiation therapy 
(IMRT), in which photon radiation beam intensities are 
modulated to increase precision while simultaneously 
reducing exposure to surrounding non-cancer tissues.3 
IMRT was established as a standard of care for head-
and-neck cancer after a phase 3 trial showed that it 
reduced xerostomia by sparing the parotid glands, as 
compared with the earlier technique of conventional 3D 
conformal radiation therapy.4 However, despite the 
parotid sparing, IMRT resulted in unexpected oral cavity 
toxicities from exposure of tissues in the radiation beam 
path.5 Phase 3 cooperative group trials of IMRT, given 
with concurrent chemotherapy, have consistently shown 
severe toxicity, including severe end-of-treatment 
malnutrition and gastrostomy-tube dependence, in 
more than 60% of patients.6,7 Toxicity de-intensification 
approaches tested to date in phase 3 trials have been 
unsuccessful and include replacing cisplatin with 
cetuximab,7,8 substituting trans oral robotic surgery for 
radiation therapy,9 and reducing the radiation dose given 
as IMRT.10

Proton therapy is an alternative form of radiotherapy 
that has unique physical and biological properties 
through the use of charged particles rather than the high-
energy x-rays of photon therapy.11 Intensity-modulated 
proton therapy (IMPT) has enabled reductions in toxicity 
relative to IMRT by reducing the radiation dose to non-
target non-cancer tissues.12–14 IMPT represents a novel 
radiation-based de-intensification strategy for both HPV-
positive and HPV-negative oropharyngeal tumours, as it 
reduces radiation exposure to the oral cavity, larynx, 
brain, and brainstem, including the integral radiation 
dose to the entire head and neck and skull base region.15 
Early reports suggest that IMPT can achieve similar 
disease control rates with less toxicity than IMRT.16 In 
this trial, we aimed to directly test the hypothesis that 
IMPT for patients with oropharyngeal cancer can achieve 
disease control and survival rates comparable to those of 
IMRT while reducing toxicity.17

Methods
Study design
This randomised, multicentre, open-label non-inferiority 
phase 3 trial was conducted in 21 sites (cancer centres or 
universities) in the USA (appendix p 8).17,18 The quality 
assurance process required each participating site to be 
credentialed in IMRT and IMPT in the same manner as 
the National Cancer Institute (NCI)-funded clinical trial 
cooperative group NRG Oncology (formerly named the 
Radiation Therapy Oncology Group [RTOG]). The 
Imaging and Radiation Oncology Core (IROC) was 
established for the NCI Clinical Trials Network for trials 

Research in context

Evidence before this study
We identified relevant studies through searches of PubMed, 
ClinicalTrials.gov, and the WHO International Clinical Trial 
Registry Platform for open or closed randomised controlled 
trials from database inception to Dec 31, 2024. Search terms 
were “oropharyngeal carcinoma OR cancer OR neoplasm”, 
“IMPT versus IMRT”, “protons versus photons”, “randomized 
trials”, and “phase III trials”. We found no published 
randomised controlled trials that directly compared intensity-
modulated proton therapy (IMPT) with intensity-modulated 
radiation (photon) therapy (IMRT) for patients with 
oropharyngeal cancer. We found one case-controlled 
observational study that concluded that IMPT was associated 
with reduced rates of feeding tube dependency and severe 
weight loss compared with IMRT with similar disease 
outcomes. However, these data alone are insufficient to 
recommend IMPT over IMRT concurrent with systemic 
therapy for patients with advanced stage oropharyngeal 
cancer. There are two ongoing phase 3 head and neck trials 
comparing IMPT with IMRT: the TORPEdO trial in the UK 
(ISRCTN16424014) and the Danish Head and Neck Cancer 
Group 35 trial in Denmark (NCT04607694). Additionally, 

the ARTSCAN V phase 2 randomised controlled trial in 
Sweden is ongoing and comparing IMRT with IMPT for head 
and neck patients with tonsillar cancer (NCT03829033).

Added value of this study
To the best of our knowledge, this is the first phase 3 
randomised controlled trial that compares proton versus 
photon radiotherapy for patients with advanced stage 
oropharyngeal cancer. This study shows that IMPT is non-
inferior to IMRT for progression-free survival, IMPT reduces the 
hazard of death by 42%, and IMPT reduces high-grade toxicity 
relative to IMRT.

Implications of all the available evidence
This study shows that IMPT is a safe and effective treatment 
that de-intensifies concurrent chemoradiation strategies with 
IMRT. We recommend proton therapy as a new standard-of-
care option for patients with head and neck oropharyngeal 
cancer. Although early outcomes suggest an improvement in 
overall survival with IMPT compared with IMRT, long-term 
follow-up analysis and additional phase 3 trial data will provide 
a robust assessment of survival outcomes in patients with 
oropharyngeal cancer.
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that contain imaging or radiation therapy. Both IROC 
Houston and IROC St Louis were incorporated in this 
trial as part of the National Institutes of Health–NCI U19 
grant. IROC Houston ensured quality assurance for 
treatment delivery through a head and neck phantom 
credentialing process for each of the participating sites 
for both IMPT and IMRT. After each study site was 
activated (ie, when all necessary administrative, 
regulatory, and logistical preparations are completed, 
and the site is authorised to begin enrolling participants), 
the clinical trial Principal Investigator (SJF) reviewed the 
first five patients’ treatment plan contours to ensure that 
each institution complied with the institutional review 
board (IRB)-approved protocol; IROC St Louis and the 
MD Anderson Cancer Center performed quality 
assurance by reviewing and storing each treatment plan 
for all patients treated on the trial. Adaptive planning 
was permitted per institutions and physician discretion. 
From the beginning of the trial, regulatory control of the 

trial and database has been managed by the MD 
Anderson Cancer Center with annual site visits for the 
participating institutions (appendix p 8). Patient 
enrolment was permitted to continue at each site during 
the COVID-19 pandemic, and since that time, annual 
site visits have been performed virtually with each 
institution.

The protocol was approved by The University of Texas 
MD Anderson Cancer Center IRB (ethics approval 
number 2012-0825) and subsequently by the IRBs at each 
participating institution. The study protocol is available in 
the appendix (pp 15–61). This trial is registered with 
ClinicalTrials.gov (NCT01893307) and its status is closed 
to patient accrual, with estimated study completion 
in 2031.

Patients
Patients aged 18 years and older with a diagnosis of stage 
III or stage IV oropharyngeal cancer (per the American 
Joint Commission on Cancer’s 7th 2010 edition19) and 
Eastern Cooperative Oncology Group (ECOG) 
performance status of 0, 1, or 2 were eligible for the trial. 
Trial inclusion criteria were concurrent chemotherapy, 
radiation to the primary tumour site and bilateral neck 
lymph node regions, and tumour tissue available for HPV 
or p16 testing. Exclusion criteria were previous radiation 
treatment for head-and-neck mucosal primary tumours 
within the past 5 years, pregnancy or breastfeeding for 
female individuals, clinically significant cardiological, 
respiratory, renal, hepatic, gastrointestinal, or 
haematological disease, distant metastases, and previous 
neck dissection with therapeutic intent (appendix p 25). 
All patients had insurance (Medicare or commercial 
insurance), but this was not a requirement for 
participation. All systemic drugs were covered by patient 
insurance; the funders of the trial did not cover the cost of 
drugs or the study treatment.

Information on sex (female or male), race (White, Black, 
Asian, or other), and ethnicity (Hispanic or Latino, not 
Hispanic or Latino, or unknown) were self-reported. All 
patients provided written informed consent to be enrolled 
in the trial.

Randomisation and masking
The clinical trial research coordinators at each participating 
institution enrolled participants and the MD Anderson 
Cancer Center clinical trial management system utilised a 
built-in randomisation process to assign participants to 
different treatment groups. All patients were randomly 
assigned in a 1:1 ratio to receive IMPT or IMRT, both with 
concurrent systemic therapy. Randomisation was carried 
out electronically using permuted blocks with variable 
block sizes of four, six, and eight. Patients were stratified 
by HPV and p16 status, smoking status, and use of 
induction chemotherapy. Radiation target volumes were 
delineated by the treating radiation oncologist before 
randomisation.Figure 1: Trial profile

219 assigned to intensity-modulated 
radiation therapy

219 analysed in intention-to-treat population
136 analysed in per-protocol population

202 treated on trial
136 treated with intensity-modulated 

radiation therapy
23 with disease progression

7 local recurrence
5 regional recurrence

11 distant metastasis
10 deaths without progression
 8 lost to follow-up

66 treated with intensity-modulated 
proton therapy
6 with disease progression

3 local recurrence
0 regional recurrence
3 distant metastasis

4 deaths without progression
3 lost to follow-up

17 not treated
12 withdrew consent

4 other
1 death

442 patients consented

440 randomly assigned

2 not randomly assigned
1 ineligible
1 withdrew consent

221 assigned to intensity-modulated 
proton therapy

221 analysed in intention-to-treat population
160 analysed in per-protocol population

195 treated on trial
160 treated with intensity-modulated 

proton therapy
23 with disease progression

5 local recurrence
5 regional recurrence

13 distant metastasis
9 deaths without progression
3 lost to follow-up

35 treated with intensity-modulated 
radiation therapy

2 with disease progression
0 local recurrence
1 regional recurrence
1 distant metastasis    

4 deaths without progression
4 lost to follow-up

26 not treated
22 denied insurance

3 other
1 death
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Patients, people giving the interventions, those assessing 
outcomes, and those analysing the data were not masked 
to group assignment.

Procedures
Patients were treated in their assigned group except in 
two scenarios: patients assigned to receive IMPT were 

Intensity-modulated 
(photon) radiation 
therapy

Intensity-modulated
proton therapy

Age, years

<65 134/219 (61%) 138/221 (62%)

≥65 85/219 (39%) 83/221 (38%)

Mean age, years (SD) 61·5 (9·2) 61·5 (8·6)

Median age, years 
(IQR)

61 (55–68) 61 (56–67)

Age range, years 34–83 33–84

Sex

Female 18/219 (8%) 23/221 (10%)

Male 201/219 (92%) 198/221 (90%)

Race

White 204/219 (93%) 205/221 (93%)

Black 6/219 (3%) 9/221 (4%)

Asian 1/219 (<1%) 0/221

Other 8/219 (4%) 7/221 (3%)

Ethnicity

Hispanic or Latino 11/219 (5%) 9/221 (4%)

Not Hispanic or 
Latino

197/219 (90%) 194/221 (88%)

Unknown 11/219 (5%) 18/221 (8%)

Smoking status​

Never smoker​ 111/219 (51%)​ 118/221 (53%)​

Current smoker​ 16/219 (7%)​ 8/221 (4%)​

Quit​ 92/219 (42%)​ 95/221 (43%)​

Human papillomavirus p16 status​

Positive​ 207/219 (95%)​ 211/221 (95%)​

Negative​ 12/219 (5%)​ 10/221 (5%)​

Induction chemotherapy​

Yes​ 32/219 (15%)​ 29/221 (13%)​

No​ 187/219 (85%)​ 192/221 (87%)​

Eastern Cooperative Oncology Group performance status score

0 174/219 (79%) 161/221 (73%)

1 45/219 (21%) 58/221 (26%)

2 0/219 2/221 (1%)

Charlson Comorbidity Index

0 75/219 (34%) 80/221 (36%)

1 59/219 (27%) 56/221 (25%)

2 41/219 (19%) 47/221 (21%)

3+ 44/219 (20%) 38/221 (17%)

Oropharynx sub-site

Tonsil 83/219 (38%) 78/221 (35%)

Base of tongue 135/219 (62%) 142/221 (64%)

Pharyngeal wall 1/219 (<1%) 1/221 (<1%)

Tumour stage*

T1 32/219 (15%) 30/221 (14%)

T2 78/219 (36%) 85/221 (38%)

T3 51/219 (23%) 59/221 (27%)

T4a 56/219 (26%) 44/221 (20%)

T4b 2/219 (1%) 3/221 (1%)

(Table 1 continues in next column)

Intensity-modulated 
(photon) radiation 
therapy

Intensity-modulated
proton therapy

(Continued from previous column)

Nodal stage*

N0 13/219 (6%) 10/221 (5%)

N1 13/219 (6%) 14/221 (6%)

N2a 15/219 (7%) 8/221 (4%)

N2b 110/219 (50%) 120/221 (54%)

N2c 67/219 (31%) 62/221 (28%)

N3 1/219 (<1%) 7/221 (3%)

Clinical stage*

Stage III 18/219 (8%) 19/221 (9%)

Stage IVA 196/219 (89%) 191/221 (86%)

Stage IVB 5/219 (2%) 11/221 (5%)

Induction chemotherapy†

Yes 24/202 (12%) 22/195 (11%)

No 178/202 (88%) 173/195 (89%)

Concurrent therapy†

Yes 202/202 (100%) 195/195 (100%)

No 0/202 0/202

Radiation therapy†

Intensity-
modulated 
radiation therapy

136/202 (67%) 35/195 (18%)

Intensity-
modulated proton 
therapy

66/202 (33%) 160/195 (82%)

Surgery† 

Yes 19/202 (9%) 13/195 (7%)

No 183/202 (91%) 182/195 (93%)

Treatment sequence†

Induction 
chemotherapy, 
then concurrent 
therapy, then 
surgery

3/202 (1%) 1/195 (<1%)

Induction 
chemotherapy, 
then concurrent 
therapy

21/202 (10%) 20/195 (10%)

Concurrent 
therapy, then 
surgery

16/202 (8%) 12/195 (6%)

Concurrent therapy 162/202 (80%) 162/195 (83%)

Data are n/N (%), unless indicated otherwise. Percentages might not total 100% due 
to rounding.*Per the seventh edition of the American Joint Committee on Cancer 
staging manual. †Data provided for all patients who were randomly allocated to 
treatment groups and who did not withdraw from the trial before treatment. 

Table 1: Baseline characteristics



Articles

www.thelancet.com   Vol 407   January 10, 2026178

denied insurance and therefore crossed over to the 
IMRT group; or patients assigned to receive IMRT were 
approved for IMPT insurance, refused randomisation to 
the IMRT group, and crossed over to the IMPT group. 
The treating physicians had no role in crossover 
consideration.

The unit of proton dose is gray (Gy) expressed as 
relative biological effectiveness (RBE)-weighted 
absorbed dose using a RBE weighting factor of 1·1 Gy. 
All patients were treated with radiotherapy to 70 Gy in 
33 fractions to the primary tumour site and cervical 
lymphadenopathy. All patients received comprehensive 
irradiation of the bilateral neck with simultaneous 
integrated boost doses to areas considered to be at 
increased risk of microscopic nodal disease. The type, 
schedule, and dose of induction or concurrent systemic 
therapy were chosen locally by each institution’s 
multidisciplinary tumour board and were consistent 
with National Comprehensive Cancer Network (NCCN) 
guidelines. Disease was restaged at 8–12 weeks after 
completion of concurrent therapy, and lymph node 

dissection was performed at that time at the discretion 
of the treating surgical oncologist for patients with 
suspected residual neck disease.

Outcomes
The primary endpoint of the trial was progression-
free survival; progression was defined by the first event 
of local disease progression or recurrence, regional 
disease progression or recurrence, distant metastasis, 
or death. Prespecified secondary endpoints were overall 
survival and other disease-related outcomes, such as 
patterns of failure, distant metastasis-free survival, and 
second primary cancer, patient-reported quality-of-life 
outcomes, and cost-effectiveness (appendix 
pp 19–20, 50–54). Patients at The University of Texas MD 
Anderson Cancer Center provided separate written 
consent for collection of peripheral blood and tissues at 
specified timepoints per protocol to assess blood and 
tissue biomarker ability to predict outcomes. Patient-
reported quality-of-life outcomes correlated with toxicities, 
institution treatment planning approaches, other disease-
related outcomes, cost-effectiveness analysis, and 
exploratory objectives will be communicated in separate 
reports.

Safety outcomes were grade 3–5 adverse events, which 
were assessed, graded, and documented according to the 
NCI Common Terminology Criteria for Adverse Events, 
version 4.0 at each timepoint per protocol or at the time 
of a serious adverse event.

All prespecified primary and secondary endpoints 
were centrally assessed and reviewed annually by The 
University of Texas MD Anderson Cancer Center IRB, 
and all serious adverse events were centrally reviewed 
and presented annually to The University of Texas MD 
Anderson Cancer Center Data Safety Monitoring Board 
(DSMB).

Statistical analysis
We assumed a non-inferiority margin of 9 percentage 
points for progression-free survival at 3 years, which 
was estimated relative to historical data showing an 
80% overall survival estimate at 3 years for patients 
given concurrent systemic therapy with IMRT.20 
Progression-free survival was considered to be a 
surrogate for overall survival, which would substantiate 
the projected 9 percentage point non-inferiority margin 
and provide alignment with RTOG 1016. The 
corresponding test was a hazard ratio (HR) of 1·535 or 
higher under the null hypothesis versus a HR less 
than 1·535 under the alternative hypothesis. The method 
of Lan and DeMets with O’Brien–Fleming stopping 
boundaries was used to establish an interim analysis 
with an early stopping p-value threshold of 0·006. The 
protocol gave allowance to increase sample size for 
potential dropouts due to insurance-related issues to a 
total of 518 patients. Assuming 440 randomised and 
evaluable patients with 72 progression-free survival 

For more on National 
Comprehensive Cancer 

Network guidelines see https://
www.nccn.org/guidelines/

category_1

Figure 2: Progression-free survival in the intention-to-treat population (A) and the per-protocol 
population (B)
HR=hazard ratio. 
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events at interim and 144 progression-free survival 
events at the conclusion of the trial, we had 80% power 
with type I errors of 0·006 at the interim analysis 
and 0·05 at the final analysis with the log-rank test.17 
Based on interim analysis, after enrolling and randomly 
allocating 440 patients (with 83 progression-free survival 
events), additional patient accrual was stopped by the 
DSMB as the data were sufficiently mature to conclude 
that the trial had met its primary endpoint of non-
inferiority and to reject the null hypothesis. The final 
report of the trial will occur after 144 events or 10 years.

Comparisons for categorical variables were conducted 
using χ² tests or Fisher’s exact tests. All time-to-event 
outcomes, such as progression-free survival and overall 
survival, were measured from the date of randomisation to 
the date of the event or the date of censoring according 
to the method of Kaplan–Meier. Kaplan–Meier plots were 
used to visualise the time-to-event information by treat
ment group, and log-rank tests were used to compare 
treatment groups. Cox proportional hazards regression 
was used to assess the time-to-event outcomes. Patients 
were censored at the time of their last contact.

The primary outcome and overall survival estimates 
were assessed in the intention-to-treat population. Sensi
tivity analyses on the primary endpoint and secondary 
survival estimates were also assessed in the per protocol 
population (ie, patients who received the assigned therapy). 
Post-hoc analyses were conducted for covariates of interest 
(ie, age, sex, smoking status, ECOG score, oropharynx 
subsite, induction chemotherapy status, concurrent 
treatment drug, HPV–p16 status, T status, and N status) to 
explore the direction and magnitude of the treatment 
effect. Safety outcomes were assessed in the per-protocol 
population and analysed with respect to superiority 
according to the method of Kaplan–Meier and not adjusted 
for multiplicity. All analyses were conducted with Stata 
(version 18) and R (version 4.5.1).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
From Oct 10, 2013, to May 1, 2022, 442 patients consented 
to be enrolled, two were not randomly allocated to 
treatment groups, 221 were allocated to the IMPT group, 
and 219 to the IMRT group (figure 1). At randomisation, 
the median patient age was 61 years (IQR 55–68), the 
mean age was 61·5 years (SD 8·9), 399 (91%) of 440 patients 
were male, and 409 (93%) were White (table 1).

In the intention-to-treat population, for the IMPT 
group, the mean time from diagnosis to treatment start 
was 1·67 months (SD 2·2) and the median time was 
1·31 months (range 0·39–29·47); for the IMRT group, the 
mean time was 1·59 months (SD 1·64) and the median 
time was 1·15 months (range 0·20–17·22; p=0·179; 

appendix p 2). In the per-protocol population, for the 
IMPT group, the mean time from diagnosis to treatment 
start was 1·65 months (SD 2·34) and the median time 
was 1·41 months (range 0·39–29·47); for the IMRT 
group, the mean time was 1·41 months (SD 1·31) and the 
median time was 1·08 months (range 0·20–12·65; 
p=0·0075; appendix p 3). Of the patients who were 
randomly allocated to treatment groups and who did not 
withdraw from the trial before treatment, 46 (12%) of 
397 patients received induction chemotherapy and all 
397 (100%) patients received concurrent systemic therapy 
(360 [91%] with weekly concurrent platinum-based 
chemotherapy and 37 [9%] with weekly concurrent 
cetuximab per NCCN). Of the 37 patients given 
concurrent cetuximab, 23 (11%) were randomised to 
IMRT, and 14 (7%) were randomised to IMPT (p=0·102). 
19 (9%) of 202 patients in the IMRT group and 13 (7%) of 
195 patients in the IMPT group had lymph node 
dissection on disease restaging at their first follow-up 
visit after concurrent therapy; at that time, four patients 
in the IMRT group and zero in the IMPT group were 
found to have positive lymph nodes. Crossovers between 

Figure 3: Overall survival in the intention-to-treat population (A) and the per-protocol population (B)
HR=hazard ratio.
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IMPT and IMRT took place after randomisation and 
before treatment in 101 (23%) of 440 patients due to 
proton therapy insurance denial in the IMPT cohort or 
proton therapy insurance approval in the IMRT cohort 
and subsequent patient refusal of IMRT. Major trial 
deviations were uncommon (appendix p 9).

The intention-to-treat population consisted of 
221 patients in the IMPT group and 219 patients in the 
IMRT group. Median follow-up time for both groups was 
3·14 years (IQR 1·92–5·47). The progression-free survival 
rates in the IMPT group were 82·5% (95% CI 76·1–87·3) 
at 3 years and 81·3% (74·5–86·5) at 5 years; corres
ponding rates in the IMRT group were 83·0% (76·7–87·7) 
and 76·2% (68·0–82·6). The unadjusted HR for disease 

progression or death was 0·88 (0·57–1·35; p=0·0055), 
showing the non-inferiority of IMPT relative to IMRT 
(figure 2A). Also in the intention-to-treat population, 
overall survival rates in the IMPT group were 92·2% 
(87·1–95·3) at 3 years and 90·9% (85·0–94·6) at 5 years; 
corresponding rates in the IMRT group were 90·0% 
(84·5–93·6) and 81·0% (72·8–86·9); the HR was 0·58 
(0·34–0·99; p=0·045), favouring IMPT over IMRT 
(figure 3A). The post-hoc subgroup analysis showed 
several covariates that had a protective effect with IMPT 
and reduction in risk of death. These covariates were 
age younger than 65 years, never smokers, ECOG score 
of 0, base of tongue tumour sub-site, no induction 
chemotherapy, and concurrent cisplatin (figure 4).
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Figure 4: Subgroup analysis of overall survival in the intention-to-treat population
Data are number of events/number of patients at risk. HR=hazard ratio. HPV=human papillomavirus.
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23 (63%) of 35 patients died with disease in the IMRT 
group; 11 (52%) of 21 patients died with disease in the 
IMPT group. Treatment-related deaths (ie, deaths during 
the acute phase of treatment occurring <90 days from 
the start of concurrent systemic therapy and radio
therapy) occurred in nine patients; six in the IMRT group 
and three in the IMPT group. Deaths from disease pro
gression (ie, chronic phase deaths occurring >90 days 
from start of therapy in patients with recurrent disease) 
occurred in 27 patients; 18 in the IMRT group and 
nine in the IMPT group (appendix p 10). Two patients in 
the IMRT group died from suicide; one at the end of 
treatment and one at time of recurrence 52 months 
after randomisation. In exploratory overall survival 
analyses, the HR for progression as a time-varying 
covariate versus no progression was 23·9 (p<0·0001), 
while progression in the IMPT group was associated with 
a 51% hazard of death reduction (HR=0·49, p=0·11; 
appendix p 12). Of the patients who died, cetuximab had 
been given concurrently to five (14%) of 35 patients in the 
IMRT group and three (14%) of 21 patients in the IMPT 
group (p=0·977).

The per-protocol population consisted of 160 patients 
in the IMPT group and 136 patients in the IMRT group. 
The progression-free survival rates in the IMPT group 
were 82·7% (95% CI 75·6–87·9) at 3 years and 81·2% 
(73·5–86·9) at 5 years; in the IMRT group, these were 
83·9% (75·8–88·7) at 3 years and 76·8% (67·2–83·2) at 
5 years. The unadjusted HR for disease progression 
or death was 0·87 (0·54–1·42; p=0·011), showing the 
non-inferiority of IMPT relative to IMRT (figure 2B). In 
per-protocol analyses, overall survival rates in the IMPT 
group were 93·4% (88·0–96·4) at 3 years and 91·8% 
(85·1–95·6) at 5 years; in the IMRT group, these were 
92·0% (85·0–95·2) at 3 years and 82·2% (72·8–87·9) at 
5 years; the HR for overall survival was 0·55 (0·30–1·03; 
p=0·057; figure 3B). In the IMPT group, the cumulative 
incidences of local recurrence or progression were 2·9% 
(1·1–7·5) at 3 years and 2·9% (1·1–7·5) at 5 years; in the 
IMRT group these were 3·0% (1·1–7·8) at 3 years and 
5·6% (2·5–12·4) at 5 years (p=0·474; appendix p 4). The 
cumulative incidences of regional recurrence or 
progression were 3·4% (1·4–7·9) at 3 years and 3·4% 
(1·4–7·9) at 5 years for the IMPT group and 3·2% 
(1·2–8·2) at 3 years and 3·2% (1·2–8·2) at 5 years for the 
IMRT group (p=0·860; appendix p 5). The cumulative 
incidences of distant progression were 9·1% (5·4–15·2) at 
3 years and 9·1% (5·4–15·2) at 5 years for the IMPT group 
and 7·9% (4·3–14·2) at 3 years and 8·9% (5·0–15·6) at 
5 years for the IMRT group (p=0·897; appendix p 6). Sites 
of distant metastasis included the lung (n=23), liver (n=2), 
bone (n=4), pancreas (n=1), and brain (n=1).

Table 2 presents the cumulative incidences of severe 
toxicities (grade 3 and worse) associated with IMPT or 
IMRT. Grade 3 or 4 lymphopenia was more common 
in the IMRT group (121 [89%] of 136 patients) than the 
IMPT group (121 [76%] of 160 patients), and neutropenia 

and thrombocytopenia were also more severe in the 
IMRT group. Grade 3 xerostomia (dry mouth) was more 
common with IMRT than IMPT (45% vs 33%), and 
grade 3 dysphagia was less common with IMPT than 
IMRT (34% vs 49%). The cumulative incidences of 
gastrostomy-tube dependence at 60 days after the start of 
treatment were 26·8% (95% CI 20·5–34·6) for IMPT 
and 40·2% (32·4–49·1) for IMRT (p=0·018; figure 5), and 
these differences remained significant when the crossover 

Intensity-modulated (photon) 
radiation therapy (n=136)

Intensity-modulated proton 
therapy (n=160)

Grade 3 Grade 4 Grade 5 Grade 3 Grade 4 Grade 5

Lymphopenia 75 (55%) 46 (34%) 0 103 (64%) 18 (11%) 0

Oral mucositis 60 (44%) 2 (2%) 0 65 (41%) 0 0

Dysphagia 67 (49%) 0 0 54 (34%) 0 0

Oral pain 32 (24%) 0 0 39 (24%) 0 0

Weight loss 75 (55%) 0 0 74 (46%) 0 0

Dermatitis radiation 25 (18%) 0 0 39 (24%) 0 0

Nausea 19 (14%) 0 0 17 (11%) 0 0

Xerostomia (dry mouth) 61 (45%) 0 0 52 (33%) 0 0

Neutropenia 9 (7%) 4 (3%) 0 3 (2%) 1 (1%) 0

Fatigue 9 (7%) 0 0 5 (3%) 0 0

Thrombocytopenia 2 (1%) 0 0 1 (1%) 0 0

Dehydration 3 (2%) 0 0 5 (3%) 0 0

Oesophagitis 3 (2%) 0 0 5 (3%) 0 0

Vomiting 3 (2% 0 0 6 (4%) 0 0

Anaemia 2 (1%) 0 0 1 (1%) 0 0

Aspiration 1 (1%) 1 (1%) 0 0 0 0

Osteoradionecrosis 2 (1%) 0 0 1 (1%) 0 0

Suicide 0 0 2 (1%) 0 0 0

Data are n (%). Severe adverse events are defined as grade 3 or worse adverse events per the Common Toxicity Criteria 
Adverse Events framework. Over 95% of severe adverse events occurred during treatment or within 90 days after 
treatment. All patients received concurrent systemic therapy.

Table 2: Severe adverse events in the per-protocol population

Figure 5: Cumulative incidence of gastrostomy-tube dependence in the per-protocol population
Patients with prophylactic gastrostomy tubes were excluded, four patients in the intensity-modulated radiation 
therapy group and six patients in the intensity-modulated proton therapy group.  
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patients were included (p=0·013). IMPT resulted in a 
33% relative and 13% absolute reduction of gastrostomy-
tube dependence compared with IMRT (figure 5). In the 
per-protocol cohort, four patients treated with IMRT were 
gastrostomy-tube dependent at 1 year, whereas no patients 
treated with IMPT were gastrostomy-tube dependent. 
New-onset chronic (greater than 90 days from end of 
treatment) grade 3 and higher toxicities were uncommon 
in both groups of the trial.

Discussion
The three main findings of this phase 3 clinical trial 
comparing proton versus photon radiation therapy for 
oropharyngeal cancer are as follows: IMPT was non-
inferior to IMRT with respect to progression-free survival; 
IMPT led to an improvement in overall survival, with a 
42% reduction of the hazard of death compared with 
IMRT; and IMPT reduced the rates of high-grade toxicities 
including lymphopenia, neutropenia,  xerostomia, and 
dysphagia. The 5-year incidences of recurrence or 
progression were 2·9% locally, 3·4% regionally, and 
9·1% distantly in the IMPT group. These data show the 
robust efficacy of IMPT in this prospective, controlled, 
multicentre setting, in which approximately 50% of 
patients presented with primary T3–T4 tumours and 
more than 80% had N2–N3 neck lymphadenopathy.

To our knowledge, this is the first phase 3 trial in 
oropharyngeal cancer suggesting an improvement in 
overall survival from proton versus photon radiation 
therapy: at 5 years, the secondary outcome of absolute 
overall survival rate was 90·9% in the IMPT group and 
81·0% in the IMRT group, with an HR of 0·58 (p=0·045). 
This trial’s survival curve estimates for IMRT concurrent 
with systemic therapy are consistent with those of 
three consecutive cooperative group trials of concurrent 
therapy with IMRT for oropharyngeal tumours (RTOG 
0129; RTOG 0522; RTOG 1016).6,7,21 In the present trial, 
235 (79%) of 296 patients were considered to have low-risk 
disease as defined in RTOG 0129, and the overall survival 
rate at 3 years for the IMRT group of 92·0% was consistent 
with overall survival in the low-risk population in RTOG 
0129.22 In RTOG 1016, overall survival estimates at 5 years 
were 84·5% for the patients given concurrent IMRT 
with cisplatin and 77·9% for those given IMRT plus 
cetuximab. In this trial, 91% of the patients were treated 
with concurrent platin-based chemotherapy and the 5-year 
overall survival estimate with IMRT was 82%. With 
equivalent rates of local, regional, and distant disease 
control between IMPT and IMRT in the current study, the 
unexpected improvement in survival outcomes with 
IMPT might reflect a reduction in death due to: less severe 
treatment-related toxicities; better survival after disease 
progression; unknown factors; or some combination of 
the above. The cause of death for patients in both the 
acute (ie, treatment-related deaths) and chronic (ie, deaths 
due to disease progression) settings suggests that patients 
given IMRT might be dying faster after progression than 

patients given IMPT. Models incorporating time-varying 
progression as a covariate and its interaction with IMPT 
suggested that one way in which proton therapy benefits 
patients is by reducing the hazard of death after 
progression. The interaction between time-varying 
covariate and the IMPT group did not reach statistical 
significance in the exploratory analysis. This result might 
be due to the estimation of this parameter being 
underpowered, because approximately half of the overall 
survival events included a progression before death, and 
the time between recurrence and overall survival events 
was typically short, making estimation more vulnerable to 
bias towards the null.

IMRT can result in chronic radiation fibrosis leading to 
late radiation-associated dysphagia, aspiration, pneu
monia, and death.23 Radiation-induced lymphopenia 
has been shown to have negative effects on long-term 
immunity in patients with head and neck cancer as long 
as 11 years after treatment.24–26 Given the separation of the 
survival curves at 3 years in the current study, one might 
propose that IMRT-induced lymphopenia might result in 
overactivation of the immune system, with subsequent 
chronic inflammation resulting in T-cell exhaustion 
within the tumour microenvironment.27 The observed 
improvement in survival with IMPT might also reflect 
alterations in the immune–oncology–microbiome axis.28 
Additionally, post-progression variation in salvage and 
palliative therapies could affect overall survival between 
the treatment groups. These potential mechanisms 
underlying the improvement in overall survival with 
IMPT are under active investigation.

The reduction of grade 3 and worse xerostomia with 
IMPT is noteworthy in this trial as this severe high-grade 
toxicity might be permanent and will likely persist and 
affect quality of life long after the patient is cured of their 
disease. The reduction of grade 2 and worse xerostomia 
resulted in IMRT becoming the standard of care over 
conventional radiation therapy, based on findings from a 
single phase 3 randomised head and neck trial with 
94 patients.4 Regarding gastrostomy-tube dependence, 
after approximately 3 weeks of concurrent therapy, the 
prevalence of malnutrition increases, which often 
necessitates gastrostomy-tube placement to sustain 
nutrition and hydration. All institutions on the trial had 
standard of care on-treatment support measures and 
research nurses monitoring patient care under protocol, 
and care was consistent with head and neck cooperative 
group trials. A multi-institutional study from three North 
American tertiary academic centres reported their findings 
from more than 2300 patients after IMRT for oropharyngeal 
cancer.29 In that study, 82% of patients treated with IMRT 
and chemotherapy became gastrostomy-tube dependent. 
In the current trial, IMPT resulted in a 33% relative and 
13% absolute reduction of gastrostomy-tube dependence 
compared with IMRT, making IMPT an innovative 
de-intensification approach for the management of 
oropharyngeal cancer.
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This phase 3, multicentre, randomised trial investigated 
the clinical experience of patients with cancer treated 
with one of two US Food and Drug Administration-
approved technologies, IMPT and IMRT. Treatment 
crossover occurred in 23% of patients (after 
randomisation and before treatment), largely due to 
issues with insurance authorisation of proton therapy, 
which in the current trial was obtained at the time of 
consultation and was not required before randomisation 
to avoid treatment delays from the insurance 
authorisation and appeal processes.30 Crossover was 
anticipated and built into the design and protocol of this 
trial, which was approved by the principal IRB at The 
University of Texas MD Anderson Cancer Center and the 
IRBs of all participating institutions.18 Although proton 
therapy has had regulatory approval for cancer treatment 
since 1988, regulatory clearance does not guarantee 
financial coverage for specific clinical indications 
(eg, oropharyngeal cancer) and patients are often denied 
access to proton therapy based on their individual 
insurance coverage policies. During the initial accrual 
phase of the trial, when a patient was denied proton 
therapy coverage after randomisation, withdrawal from 
the study resulted in loss of patient data with respect to 
toxicity, disease, and survival outcomes. The protocol for 
this phase 3 trial was amended to include patients on the 
trial in the event of crossover after randomisation but 
before treatment. With such crossover anticipated in 
both the IMPT and IMRT groups, we published 
simulations under a variety of scenarios to understand 
the influence of crossover on parameter estimation and 
power of the study when assessing the primary 
endpoint.17 At the time of the interim analysis, the 
intention-to-treat and per-protocol statistical assessments 
by the DSMB concluded that non-inferiority with respect 
to progression-free survival had been established with 
rejection of the null hypothesis, and the trial was 
subsequently closed to further patient accrual.

This trial has several limitations. Delivery techniques 
for both IMPT and IMRT were being optimised over 
the course of the trial, and the radiation delivery systems 
differed among the participating institutions. Also, con
current systemic therapy was prescribed at the discretion 
of the treating medical oncologist based on NCCN 
guidelines, which led to non-uniform induction and 
concurrent treatment regimens. However, only 14% of 
patients received induction chemotherapy, as the 
randomised trials have not shown improvement in 
clinical outcomes. Additionally, the post-progression 
salvage and palliative therapies were not controlled and 
were managed at the discretion of the treating oncologists 
which might affect overall survival between the treatment 
groups. Socioeconomic factors might reduce the general
isability of the findings to economically stable patients 
with insurance, although the intention-to-treat analysis 
yields a proton therapy parameter effect interpreted with 
respect to those to whom it was assigned, with balance 

assured by randomisation. However, the magnitude of 
the protective effect of IMPT could be even greater in 
those patients without the resources to manage severe 
toxicities of chemoradiation therapy. Additionally, geo
graphical access to trial sites was limited to centres with 
proton therapy in predominantly academic centres. 
Regarding representativeness, 91% of trial patients were 
male, which is consistent with 90% male individuals 
enrolled in the phase 3 oropharyngeal RTOG 1016 trial,7 
however, 93% were White, which is not representative of 
the population of the USA. Despite these limitations, the 
intention-to-treat and per-protocol analyses consistently 
showed comparable progression-free survival outcomes 
between IMPT and IMRT, a protective effect of IMPT 
over IMRT for overall survival, and a reduction of high-
grade toxicities with IMPT. To build trust from a social 
and community context, community outreach occurred 
during the design phase of the trial and designation 
of the primary endpoint. Furthermore, to break down 
linguistic and cultural barriers, multilingual materials 
and translators were available.

In this phase 3, multicentre, oropharyngeal cancer 
trial, IMPT showed non-inferior progression-free 
survival and reduced toxicity compared with IMRT. The 
trial’s secondary outcome on overall survival also showed 
improvements with use of IMPT; however, long-term 
follow-up analysis and additional phase 3 trial data will 
provide a more robust assessment. This evidence shows 
that IMPT is a new standard-of-care treatment option for 
the management of oropharyngeal tumours.
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