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Abstract

Purpose: Proton therapy can potentially improve the therapeutic ratio over conventional

radiation therapy for oropharyngeal squamous cell cancer (OPSCC) by decreasing

acute and late toxicity. We report our early clinical experience with intensity-modulated

proton therapy (IMPT).

Materials and Methods: We retrospectively reviewed patients with OPSCC treated with

IMPT at our center. Endpoints include local regional control (LRC), progression-free

survival (PFS), overall survival (OS), tumor response, and toxicity outcomes. Toxicity

was graded as per the Common Terminology Criteria for Adverse Events v4.03.

Descriptive statistics and Kaplan-Meier method were used.

Results: We treated 46 patients from March 2015 to August 2017. Median age was 58

years, 93.5% were male, 67% were nonsmokers, 98% had stage III-IVB disease per the

7th edition of the AJCC [American Joint Committee on Cancer] Cancer Staging Manual,

and 89% were p16 positive. Twenty-eight patients received definitive IMPT to total dose

of 70 to 74.4 Gy(RBE), and 18 patients received postoperative IMPT to 60 to 66

Gy(RBE) following transoral robotic surgery (TORS). Sixty-four percent of patients

received concurrent systemic therapy. There were no treatment interruptions or

observed acute grade 4 or 5 toxicities. Eighteen patients had percutaneous endoscopic

gastrostomy (PEG) tube placement; the majority (14) were placed prophylactically. The

most common grade 3 acute toxicities were dermatitis (76%) and mucositis (72%). The

most common late toxicity was grade 2 xerostomia (30%). At a median follow-up time of

19.2 months (interquartile range [IQR], 11.2-28.4), primary complete response was

100% and nodal complete response was 92%. One patient required a salvage neck

dissection owing to an incomplete response at 4 months. There were no recorded local

regional or marginal recurrences, PFS was 93.5%, and OS was 95.7%.

Conclusion: Our early results for IMPT in OPSCC are promising with no local regional or

marginal recurrences and a favorable toxicity profile. Our data add to a body of evidence

that supports the clinical use of IMPT. Randomized comparative trials are encouraged.

Keywords: proton beam therapy; tonsil cancer; tongue base cancer; HPV/p16 positive;

squamous cell cancer
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Introduction
The application of proton beam therapy in oropharyngeal squamous cell cancer (OPSCC) has notably increased [1]. Over the

past decade, there has been an increase in incidence of human papillomavirus (HPV)–positive tumors, with an improved

prognosis when compared to HPV-negative tumors [2–4]. The demographic of this highly curable disease has shifted to a

younger, highly functional population with fewer comorbidities and higher quality-of-life expectations [5]. The focus of

contemporary trials has been to de-intensify treatment in the favorable-prognosis HPV-positive disease [6–11].

Intensity-modulated radiation therapy (IMRT) with or without concurrent systemic therapy remains the standard of care for

most patients with OPSCC [12]. The development of pencil beam scanning implemented on a gantry allows for improved

beam modulation, target conformality, and entrance dose reduction [13]. These characteristics can potentially facilitate greater

dose sparing of important organs at risk (OARs). Multiple proton-photon dosimetric comparison studies [14–16] have

demonstrated superiority of protons in terms of sparing the oral cavity, uninvolved mucosa, and major salivary glands.

However, care must be taken with treatment planning to ensure that the steeper dose gradients with IMPT do not result in

increase in marginal failures.

In 2005, Slater and colleagues [17] reported the first clinical use of proton therapy in the treatment of oropharyngeal cancer.

More recently, the University of Pennsylvania [18], Memorial Sloan Kettering [19], and MD Anderson Cancer Center [20]

reported on their experiences with IMPT. The MD Anderson Cancer Center also performed a nonrandomized case-matched

analysis with IMRT in a more contemporary setting [21, 22]. In comparison with IMRT, patients treated with IMPT in these

series showed encouraging results with favorable toxicity. This included a reduction in feeding tube dependency, severe

weight loss, and osteoradionecrosis. Furthermore, changes in taste and appetite, xerostomia, and overall quality of life have all

favored IMPT [23].

The purpose of the present study is to report on (1) initial oncologic outcomes including patterns of failure in patients with

oropharyngeal cancer treated with IMPT at our center, (2) the associated acute and late treatment-related side effects, and (3)

our treatment planning approach and achieved dosimetric results.

Materials and Methods

Study Design, Eligibility, and Ethics Approval

This is a single-institution retrospective review of patients treated at our center with IMPT from 2015-17. Eligibility criteria

included (1) pathologic diagnosis of OPSCC, (2) curative intent treatment, and (3) no evidence of distant metastasis. Patients

treated with proton therapy to either unilateral or bilateral neck were eligible. Patients treated with either primary radiation

therapy or postoperative radiation therapy were eligible. Endpoints included local regional control (LRC), progression-free

survival (PFS), overall survival (OS), tumor response, and toxicity outcomes. The study protocol was reviewed and approved

by our institutional review board.

Patient Treatment

After initial consultation, examination, and multidisciplinary tumor board discussion, patients were treated with definitive

radiation therapy or with transoral robotic surgery (TORS) followed by adjuvant radiation therapy with or without systemic

therapy. Patients unable to tolerate high-dose cisplatin every 3 weeks received weekly cetuximab with or without altered

fractionation radiation therapy. No patients received induction chemotherapy. Our follow-up evaluations did not routinely

include positron emission tomography–computed tomography (PET/CT) scans. However, patients with a persistent neck node

beyond 3 to 4 months post radiation therapy that was deemed borderline received a PET/CT scan at 5 to 6 months post

radiation therapy. Salvage/consolidation neck dissection was performed only for PET-avid disease [24]. If the PET/CT scan

finding was negative, the patient was subject to close surveillance [25].

Evaluation and Data Collection

Before initiating proton therapy, patients received dental clearance and a custom stent that deviates the tongue to the

opposite side of the treated field in unilateral cases (34.8%) and depresses it in bilateral cases (65.2%) [26]. Patients

receiving concurrent chemotherapy with bilateral neck radiotherapy were evaluated for prophylactic feeding tube

placement. A reactive feeding tube was considered if patients lost significant weight (5%–10%) during treatment. After

enrollment on our prospective registry, weekly evaluations were performed during treatment. Posttreatment evaluations
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were performed every 3 months for the first year, every 4 months for the second year, and every 6 to 12 months for 3 to 5

years. Data points were retrospectively collected from our local registry as well as the electronic medical record system.

At each visit, toxicity endpoints were assessed by the treating physician and recorded according to the Common

Terminology Criteria for Adverse Events version 4.03 [27]. Acute toxicity was defined from start of radiation therapy to 3

months post treatment, whereas late toxicity was defined from 3 months post radiation therapy and beyond. Primary tumor

complete response was defined as no visible tumor on follow-up imaging and laryngoscopy, partial response was defined

as .50% tumor reduction, and no response was defined as no reduction in tumor size. Neck nodal complete response

was defined on imaging as a node reduction to ,1.5 cm in maximal dimension without suspicious morphology (ie, central

necrosis), a partial response was defined as .1.5-cm residual lymph node, and no response was defined as no reduction

in size.

Treatment Planning

Treatment simulation for proton therapy was performed with a noncontrast and contrast CT scan with patients immobilized

in a shoulder-length thermoplastic mask. Target volumes and OAR volumes were delineated by the treating radiation

oncologist on each axial CT slice according to standard contouring guidelines. A proton therapy treatment planning system

was used for IMPT planning (RayStation, version 6.0, RaySearch Laboratories, Stockholm, Sweden). The prescribed IMPT

radiation doses used a relative biological effectiveness (RBE) value of 1.1. For the definitive cases, high-risk clinical target

volumes (CTVs) including the gross disease received a dose of 66 to 69.96 Gy(RBE), while low- to intermediate-risk elective

CTVs received a dose of 54 to 63 Gy(RBE). For postoperative cases, high-risk CTVs including the operative bed of the

gross disease received a dose of 60 to 66 Gy(RBE), while elective low-risk CTVs received a dose of 54 to 57 Gy(RBE).

Treatment plans with simultaneous integrated boost were generated by using pencil beam scanning with single-field

optimization based on the planning target volumes (PTVs). Typically, a 3- to 5-mm margin was used for PTV expansions.

Treatment plan robustness analysis was performed on CTVs and was based on 63% range uncertainty and 63 mm in all

translational directions for geometric uncertainty. Additionally, we used robust optimization for challenging cases to improve

target coverage and OAR sparing. Dental metal amalgam fillings and crowns proximal to the target volumes and in the path

of the proton beam were replaced by low-density composite material. This reduced the dental CT artifact and minimized

dose calculation uncertainties. For patients who could not have their dental amalgam fillings replaced, we contoured the

dental CT artifact with a density override to tissue or bone, and also contoured the dental amalgam with a density override to

brass of 11.6 g/cm3 [28]. Pencil beam algorithm was used for dose calculation except for 2 cases where Monte Carlo dose

calculation algorithm was used. Bilateral neck irradiation plans were generated with 3 to 4 beams. Unilateral neck irradiation

was used in selected appropriate cases (ie, early-stage well-lateralized tonsillar primary) and most commonly planned with a

single anterior oblique beam [29]. Generally, plans were designed to spare the bilateral parotid glands and contralateral

submandibular gland when feasible. Our clinical experience with this approach with IMRT is described elsewhere [30]. The

oral cavity and pharyngeal constrictors were contoured as based on prior studies and were deemed as avoidance structures

[31, 32]. The skin was not considered an avoidance structure as it was not part of our standard practice at the time.

However, before planning, we crop 3 mm from PTVs that extend to the skin. Final plans were reviewed and approved during

quality assurance rounds.

During treatment, daily orthogonal 2D kV images were used for patient localization. Quality assurance CT scans were

routinely performed after 3 weeks into treatment to monitor setup and anatomical changes. Adaptive planning was performed

at the discretion of the primary radiation oncologist when indicated.

Statistical Analysis

Descriptive statistics were used to characterize the baseline characteristics of the overall population and initial tumor

response. Survival times were computed from radiation therapy end date to the occurrence of the first event. Events were

death from any cause for OS and any recurrence or death for PFS. Local and/or regional recurrences were deemed as events

for LRC analysis. Persistent neck disease requiring a salvage/consolidation neck dissection was not counted as a local

regional event, since a planned neck dissection for a node-positive patient with persistent clinical/radiographic neck disease is

part of a standard treatment algorithm. Survival rates were estimated by using the Kaplan-Meier method; patients were

censored after a recorded event or last follow-up visit. Analyses were performed with IBM SPSS Statistics (version 25, IBM

Corporation and its licensors [1989, 2017], Armonk, NY).
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Results

Patient, Tumor, and Treatment Characteristics

A total of 46 patients with OPSCC were treated with IMPT from March 2015 to August 2017. Patient and tumor characteristics

are listed in Table 1. Most patients had a pretreatment Karnofsky Performance Status score of �90. Five patients had a prior

unrelated cancer diagnosis and none had received prior radiation therapy. The median time from diagnosis to proton therapy

initiation was 53 days (IQR, 44-82). Treatment characteristics are listed in Table 2. Twenty-nine patients received definitive

proton therapy, and 17 patients received adjuvant proton therapy post TORS. Four patients who received either cetuximab

with radiotherapy, or radiotherapy alone, received a hyperfractionated accelerated twice-daily regimen of 72 to 74.4 Gy(RBE)

in 60 to 62 fractions. One patient delayed definitive therapy to pursue naturopathic medicine before receiving treatment.

Another patient declined adjuvant radiation therapy post TORS and developed a primary site recurrence several months later,

requiring salvage therapy. Two thirds of the patients (n ¼ 30) received treatment to bilateral neck, and one third (n ¼ 16) to

ipsilateral neck for lateralized tonsil cancers. No patient experienced an interruption or delay in treatment after initiating the

IMPT course. Of patients who received concurrent chemotherapy (n ¼ 30), 61% were able to complete all 3 cycles of the

platin-based regimen and 86% were able to complete all 7 cycles of cetuximab.

Dosimetric Analysis

The median high-risk planning target volume (PTV-HR) was 388 cm3 (IQR, 297-497). The PTV-HR and CTV-HR D95 received

�99% of prescribed dose in all cases. Pertinent OAR doses for both bilateral and unilateral IMPT plans are listed in Table 3.

Five patients (10.8%) required adaptive planning. All 5 received definitive chemoradiotherapy.

Tumor Response and Survival Analysis

A complete tumor response at the primary site was achieved in all definitive IMPT cases within 3 to 6 months post treatment. A

total of 4 patients received post–radiation therapy PET/CT scans on follow-up. Only 2 patients had a persistent neck node

Table 1. Patient and tumor characteristics.

Characteristic n Value

Median age, IQR, y 58 36-80

Sex, %

Male 43 93.5

Female 3 6.5

Race, white 42 91.3

Nonsmoker 31 67.4

Smoker ,10 pack-year history 13 28.3

Smoker �10 pack-year history 2 4.3

Histology, %

Squamous cell carcinoma 46 100

Primary subsite, %

Tonsil 27 58.7

Tongue base 19 41.3

Tumor p16 status, %

Positive 41 89.1

Unknown 5 10.9

AJCC Cancer Staging Manual, 7th edition, %

Stage I-II 1 2

Stage III 4 9

Stage IVA-IVB 41 89

AJCC Cancer Staging Manual, 8th edition (p16þ only), %

Stage I-II 33 71.7

Stage III 8 17.4

Abbreviations: IQR, interquartile range; AJCC, American Joint Committee on Cancer.

Aljabab et al. (2019), Int J Particle Ther 4

Proton therapy for oropharyngeal carcinoma



.1.5 cm at .4 months post treatment of which 1 was positive on PET/CT. That patient had a consolidation neck dissection

and pathology revealed a 2-mm focus of residual disease and was not counted as a local regional event. The other patient had

a negative PET/CT finding and continued on follow-up beyond 3 years post treatment with no evidence of recurrence. The

median follow-up for the group was 19.2 months (IQR, 11.2-28.4) with 38 patients (82.6%) having more than 1 year of follow-

up. At last follow-up, none developed a local regional recurrence, 2 patients developed a distant recurrence, and 2 patients

died. One death related to distant spread occurred at 14 months post treatment. The other death was due to aspiration

pneumonia (grade 5 event). The latter patient required a percutaneous endoscopic gastrostomy (PEG) tube immediately after

TORS, and his swallowing function never recovered. At last follow-up, the LRC, PFS, and OS were 100%, 93.5%, and 95.7%,

respectively. The Kaplan-Meier curves are displayed in Figure 1. Illustrations of representative bilateral neck and unilateral

neck IMPT plans are shown in Figure 2.

Toxicity

There were no treatment interruptions during the course of proton therapy. Two patients (4.3%) had emergency visits for pain

and dehydration, both were hospitalized and subsequently discharged in 2 to 3 days. One patient (2.2%) had a documented

weight loss .10% of body weight (grade 2). Prophylactic PEG tube insertion was performed for 14 patients (30.4%). Reactive

PEG tube insertion during treatment was performed for 4 patients (8.7%), all of whom received definitive IMPT with concurrent

cisplatin and 3 had bilateral neck treatments. One patient was PEG-tube dependent post TORS and before proton therapy.

The median tube duration from treatment completion to PEG tube removal was 61.5 days (IQR, 35-80), all had their PEG tubes

removed except for 1 PEG-tube–dependent patient. The peak incidence of treatment-related acute and late toxicities are listed

in Table 4. The most common documented acute toxicities were radiation dermatitis grade 3 (76.1%), oral mucositis grade 3

(71.7%), xerostomia grade 1 (71.7%), and dysgeusia grade 1 (73.9%). The most common late toxicities were dysgeusia grade

1 (76%), xerostomia grade 1 (65.2%), and xerostomia grade 2 (30%). Grade 1 late dysphagia was documented in 9 patients

(19.6%) and grade 2 in 1 patient, while 1 other patient had a grade 5 event as previously mentioned. Cisplatin chemotherapy–

related hearing loss occurred in 2 patients. Six patients (13%) had a persistent nonhealing mucosal ulceration (versus soft

tissue necrosis) beyond 3 months at the primary site. To be conservative, we coded them all as having soft tissue necrosis,

Table 2. Treatment characteristics.

Treatment characteristic n Value

Treatment strategy, %

Concurrent chemo-IMPT 25 54.3

IMPT alone 4 8.7

TORS� concurrent chemo-IMPT 5 10.9

TORS� IMPT alone 12 26

Pre-IMPT surgical procedures, %

TORS and neck dissection 17 37

Diagnostic tonsillectomy 5 10.8

Neck dissection 4 8.7

Post-TORS characteristics, % 17

Positive margins (R1) 0 0

Extranodal extension 4 22.2

Perineural invasion 3 16.7

Lymphovascular invasion 4 22.2

Concurrent chemotherapy, %

Platin-based 23 50

Cetuximab 7 15.2

None 16 34.8

Neck radiation therapy volume, %

Bilateral 30 65.2

Unilateral 16 34.8

Median dose and range, Gy 70 60-74.4

Median IMPT duration, IQR, d 44 39-44

Abbreviations: IMPT, intensity-modulated proton therapy; TORS, transoral robotic surgery; IQR, interquartile range.
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defined as ulceration .6 weeks after completion of radiation therapy. Three of these 6 patients had prior TORS resection with

(R0) margins and a median prescription dose of 60 Gy(RBE) to the primary site. One had a simple tonsillectomy with residual

(R2) disease and 2 others had definitive radiotherapy (prescription dose 70-72 Gy-RBE in all 3). Three of the 6 patients

received concurrent chemotherapy (cisplatin n ¼ 1, cetuximab n ¼ 2), including the 2 patients who received definitive

radiotherapy and 1 post TORS with extracapsular extension. Two of these 6 patients required hyperbaric oxygen therapy

(tonsillectomy with R2 residual disease and 70 Gy, n ¼ 1; TORS radical tonsillectomy and 60 Gy, n ¼ 1). Both had a smoking

history of �30 pack years, and one had a significant mixed connective tissue disorder requiring medications. Neither had

concurrent systemic therapy. The other 4 patients were nonsmokers and had a subcentimeter persistent mucosal ulcer that

healed with conservative management. All 6 patients healed completely by 6 to 12 months post treatment.

Discussion

The role of IMPT for head and neck cancer continues to be defined by ongoing work at specialized centers. Preclinical and

dosimetric studies hypothesized a potential decrease in both acute and long-term toxicity. A recent review article lists all the

clinical data published so far with encouraging early results [33]. However, clinical data evaluating tumor control endpoints are

still limited. The combination of proton beam range uncertainty, RBE variation, and sharp dose fall-off does argue for careful

evaluation of clinical outcomes, including patterns of failure, to ensure there is not an increase in marginal misses [34, 35].

While there are questions regarding the cost effectiveness of using proton therapy for head and neck cancers, this topic is

beyond the scope of this article [36, 37].

Table 3. Dosimetric report.

Structure (n ¼ 46) Median, cGy IQR, cGy

Parameter: max dose

Brainstem 1591 706.5-2386

Spinal cord 2364 1380-2835

Mandible – PTV-HR 6519 6189-6980

Parameter: mean dose

Bilateral plans (n ¼ 30)

Mandible – PTV-HR 1952 1464-2607

Ipsilateral cochlea 1252 472-1867

Contralateral cochlea 2 0-12

Ipsilateral SMG 6564 6101-6932

Contralateral SMG 2591 2324-3512

Ipsilateral parotid 2944 2197-3156

Contralateral parotid 962 693-1889

Oral cavity 1559 1168-2495

Pharyngeal constrictors 3855 3437-4256

Larynx 2990 1963-3718

Esophagus 518 366-1040

Unilateral plans (n ¼ 16)

Mandible – PTV-HR 1448 1150-1821

Ipsilateral cochlea 1475 863-1991

Contralateral cochlea 0 0-5

Ipsilateral SMG 6223 6046-6628

Contralateral SMG 29 1-61

Ipsilateral parotid 4622 3520-5237

Contralateral parotid 0 0-1

Oral cavity 1003 832-1181

Pharyngeal constrictors 2517 2234-3522

Larynx 1642 885-2502

Esophagus 671 130-1312

Abbreviations: IQR, interquartile range; PTV-HR, high-risk planning target volume; SMG, submandibular gland.
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Our early clinical results with IMPT in OPSCC are encouraging. With 46 patients, a median follow-up of 19.2 months, and

with most patients having more than a 1-year follow-up, there were no local regional failures. There were 2 distant failures

and 2 deaths. One patient experienced distant failure 14 months post treatment then passed away from disease

progression; his p16 status was unknown. Another patient who had distant failure 8 months post treatment delayed his

definitive therapy for a year to pursue naturopathic medicine. One patient was PEG-tube dependent after TORS and died of

aspiration pneumonia 22 months after treatment (grade 5 event) with no local regional or distant failure. Our early survival

results are comparable to other series; at last follow-up the LRC, PFS, and OS were 100%, 93.5%, and 95.7%, respectively.

The MD Anderson cohort consisted of patients receiving neoadjuvant chemotherapy. At a median follow-up of 29 months,

their 2-year actuarial PFS and OS rates were 88.6% and 94.5% [23]. It is important to highlight that most of our patients were

nonsmoking Caucasian males with HPV-positive disease and stages III to IV per the 7th edition of the AJCC [American Joint

Committee on Cancer] Cancer Staging Manual [38]. By reclassification per the 8th edition of the staging manual, our cohort

Figure 1. Kaplan-Meier curves

(median follow-up, 19.2

months).

Figure 2. IMPT plans for a

bilateral neck irradiation case

(top panel) and a unilateral

radiation case (bottom panel).

Contours ¼ PTV70 (orange,

color-wash), PTV63 (blue,

color-wash), PTV54 (green,

color-wash), right parotid (sky

blue), left parotid (teal),

submandibular gland (purple).

Iso-dose lines ¼ 70 Gy (red),

63 Gy (blue), 54 Gy (green), 30

Gy (black). A custom dental

stent is seen. Abbreviations:

IMPT, intensity-modulated

proton therapy; PTV, planning

target volume.
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has mainly stage I-II disease [39]. Whether these outcomes may be extrapolated to HPV-negative smoking patients with

poorer prognosis is not clear.

The acute and chronic toxicity profile for IMPT in OPSCC was overall favorable. There were no treatment interruptions

and hospital admission rates were low. Overall, 18 patients had PEG tube placement (39%); most (14/18) were placed

prophylactically and 4 patients needed a reactive PEG with a median tube duration of 61.5 days. The MD Anderson IMPT

experience PEG rate was 24% with median tube duration of 82 days [23], while 2 other IMRT series reported rates of 47%

to 58% [40, 41]. Ten patients (21.7%) developed late dysphagia, of whom only 1 had grade 2 dysphagia. Pharyngeal

constrictor mean dose in our series was consistently below 40 Gy(RBE); this might explain our low dysphagia rates. We did

not report on acute dysphagia rates to avoid confusion, as most patients who had a PEG received it prophylactically. Most

of our patients (71.7%) did develop grade 3 acute mucositis, mostly confined near the targeted regions of the oropharynx

(PTV-HR), with multiple patients experiencing a lesser degree of mucositis in the oral cavity and uninvolved oropharyngeal

mucosa. However, it is difficult to report this accurately, as there are limited tools that capture this pattern of mucositis. The

grade 2 chronic xerostomia (30%) and dysgeusia (6.5%) were low and could be explained by the consistently low oral

cavity and contralateral salivary gland mean doses, especially for unilateral plans (Table 3). Compared to bilateral neck

plans, unilateral plans had relatively high ipsilateral parotid mean dose; this is related to our routine use of a single anterior

oblique beam. Planning unilateral neck cases on the gantry with multiple beam angles is expected to reduce the ipsilateral

mean parotid dose closer to that obtained with bilateral neck plans. However, this would be more resource intensive, and

even impractical, in centers with only a single gantry room like ours where the gantry is prioritized for patients requiring

highly complex plans. As mentioned in the ‘‘Toxicity’’ section, a total of 6 patients (13%) developed persistent mucosal

ulceration or soft-tissue necrosis that completely healed by 6 to 12 months post treatment. Lukens et al [42] described a

subset of patients with OPSCC treated with TORS and postoperative radiotherapy who are at risk of developing surgical

bed soft-tissue necrosis. Risk factors included tonsillar location, depth of resection, radiation dose fraction size (.2 Gy/d)

to the surgical bed, and severe mucositis. In their retrospective series, the rate of soft-tissue necrosis with IMRT-based

postoperative radiotherapy was 28%. From our experience, we now inform our patients, especially if they have a significant

history of smoking, diabetes, or connective tissue disorder, about this uncommon consequence as part of informed

consent.

Despite concerns over proton beam range uncertainty, sharp dose fall-off, and 2-dimensional image-guided radiotherapy

capabilities, the patients in this series did not experience local regional failures or marginal misses. Our beam arrangement

approach was anterior oblique beams with an additional 1 or 2 posterior beam angles for bilateral neck treatments. Some

studies report that a posterior oblique approach with multifield optimization might better spare the major salivary glands and

oral cavity [43]. We are currently using a multifield optimization approach with the same beam angles as described in

‘‘Materials and Methods.’’

Table 4. Peak acute and chronic radiation toxicity grade recorded as per the Common Terminology Criteria for Adverse Events Version 4.03.

Toxicity

Grade 0 Grade 1 Grade 2 Grade 3a

n % n % n % n %

Acute

Dermatitis 0 0 3 6.5 8 17.4 35 76.1

Mucositis 3 6.5 1 2.2 9 19.6 33 71.7

Weight loss 24 52.2 21 45.7 1 2.2 0 0

Xerostomia 4 8.7 33 71.7 4 8.7 3 6.5

Dysgeusia 4 8.7 34 73.9 6 13

Chronic

Dysphagiab 35 76 9 19.6 1 2.2 0 0

Xerostomia 2 4.3 30 65.2 14 30 0 0

Dysgeusia 5 10.8 35 76 3 6.5 0 0

Trismus 41 89.1 4 8.7 1 2.2 0 0

Soft tissue necrosis 40 87 4 8.7 2 4.3 0 0
aNo acute grade 4 or 5 events observed.
bNo late grade 4 events, only 1 reported grade 5 event (dysphagia).
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Most patients in this series were male (93.5%) and Caucasian (91.3%). It is well known that the rate of head and neck

squamous cell carcinoma overall is significantly higher among men than women [2]. Additionally, recent epidemiologic data

suggest that the risk of OPSCC is 4-fold higher among men than women. It also reported a significant increased risk among

whites and a corresponding decreased risk among blacks between 2005 and 2014 [44]. In our institutional head and neck

practice, patients with OPSCC were treated with either proton therapy or IMRT during the study period. In general, the more

advanced tumors, and those patients whose insurance was not approved, were treated with IMRT. There were no other

specific selection factors involved, and we believe the results reported here are also applicable to females, as well as people of

all races.

This single-institution series has some limitations. First, although all patients were enrolled on a prospective registry before

treatment, the data collected in the registry are limited. Hence, most of the survival and toxicity data were collected via the

electronic medical records retrospectively. Second, despite the rigorous collection of toxicity data by the treating physician on

a weekly basis during treatment, it was not measured with a formal patient reported outcome survey or other validated tool and

is subject to potential reporting bias. Finally, the analysis is limited by the relatively short follow-up period, low event count, and

a small number of patients.

Despite these limitations, this study is one of the few early reports on the efficacy of the clinical use of IMPT in OPSCC. Data

from the forthcoming comparative randomized trials (NCT02923570 and NCT01893307) are expected to help evaluate the

relative advantages of proton therapy.

Conclusion
Our early clinical and toxicity outcomes for IMPT are promising with no documented local regional or marginal recurrences to

date and a favorable toxicity profile. We plan to continue to follow up our cohort and report long-term outcomes. Prospective

data from multicenter randomized trials comparing IMPT with IMRT are encouraged.
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