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Abstract

Background—A single institution prospective study was conducted to assess disease control and
toxicity of proton therapy for patients with head and neck cancer.

Methods—Disease control, toxicity, functional outcomes and patterns of failure for the initial
cohort of patients with oropharyngeal squamous carcinoma (OPC) treated with intensity
modulated proton therapy (IMPT) were prospectively collected in two registry studies at a single
institution. Locoregional failures were analyzed utilizing deformable image registration
methodology.

Results—Fifty patients with OPC treated from 03/2011 to 07/2014 formed the cohort. Eight-four
percent were male, 50% were never smokers, 98% were p16+, 98% had stage 111/IV disease, 64%
received concurrent and 35% received induction chemotherapy. Forty-four of 45 (98%) tumors
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tested for p16 were positive. All patients were treated with IMPT (multi-field optimization n=46;
single-field optimization n=4). No CTC-AE grade 4/5 toxicities were observed. The most common
grade 3 acute and late toxicities observed were acute mucositis and late dysphagia, in 58% and
12%, respectively. Eleven patients had a feeding gastrostomy placed during therapy, but none had
a feeding tube at last follow up. With a median follow up of 29 months, 5 patients had disease
recurrence: local in 1, local and regional in 1, regional in 2, and distant in 1. The 2-year actuarial
overall and progression free survival were 94.5% and 88.6%, respectively.

Conclusion—The oncologic, toxicity and functional outcomes following IMPT for OPC are
encouraging and provide the basis for ongoing and future clinical studies.

Keywords

Intensity-modulated proton therapy; oropharyngeal cancer; radiation therapy; chemoradiation;
human papillomavirus; HPV

Introduction

Recent advances in proton therapy planning and delivery, particularly spot-scanning
intensity modulated proton therapy (IMPT) techniques, have provided the ability to generate
the dose distributions that are required to treat geometrically complex head and neck target
volumes (1). Following development of planning techniques (2, 3), completion of necessary
dosimetric comparison studies (4, 5), and implementation of plan quality assurance
measurement procedures (6), our clinical proton therapy program for head and neck cancer
was established.

The first pioneering clinical results of proton therapy for the treatment of oropharyngeal
cancer (OPC) have been reported with passively scattered beams by the Loma Linda
University Medical Center ten years ago as a boost in combination with photon radiotherapy
(7). The technique has since then gained interest for numerous reasons (8). Most patients
presenting with OPC today are younger, well-functioning, and have a largely favorable
prognosis, particularly those with human papillomavirus-associated disease, and thus they
have the potential to be greatly impacted by acute toxicities and to live for decades with the
late effects of therapy. Toxicity reduction is now the current emphasis in numerous ongoing
clinical studies in OPC, generally through treatment deintensification by total radiation
therapy dose reduction (reduced tumor dose) and/or modification of systemic therapy (9).

Proton therapy offers another approach to investigate toxicity reduction in OPC. Given its
reduction in integral dose to non-target structures compared to IMRT, particularly those
anterior and posterior to the target volumes, proton therapy may reduce the “beam path
toxicity” that has been observed with IMRT (10, 11). While we have previously described
our initial clinical experience with spot-scanning IMPT using multi-field optimization for
the treatment of head and neck tumors (1), detailed OPC-specific IMPT clinical outcomes
reports are needed to inform patients, clinicians, and investigators.

Toward this end, the goals of the present study were to: 1) report the oncologic outcomes of
our initial prospective cohort of patients treated with spot-scanning IMPT for OPC; 2) report
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the observed acute and late treatment-related toxicity and functional outcomes; 3)
characterize the patterns of failure and analyze the patterns of locoregional failure; and 4)
generate testable hypothesis for future study.

Adults receiving proton therapy for non-metastatic head and neck cancer at our institution
were eligible for participation in an institutional review board-approved quality of life study
where clinical outcomes were prospectively recorded. The first registry study was for all
tumor sites (ClinicalTrials.org Identifiers: NCT XXXX) and collected baseline and follow-
up clinical data. The second was specific to head and neck cancer patients (NCT XXXX)
and also included the collection of patient reported outcomes (MD Anderson Dysphagia
Inventory and Symptom Inventory, Xerostomia Questionnaire and the Functional
Assessment of Cancer Therapy Head and Neck) on a weekly basis during treatment and
every 3-6 months after treatment. Participants provided study-specific informed consent. No
distinct clinical criteria were used for patient selection, and all patients with OPC treated
with curative intent are generally considered candidates for IMRT or IMPT. The potential of
treatment on other ongoing clinical trials at our institution and proton therapy institutional
registries were considered and ultimate treatment decisions were made considering patient
and physician preference as part of the shared decision process. For this analysis, we
considered the initial 50 consecutive patients with OPC treated at our center with spot-
scanning IMPT with curative intent, out of an estimated 600 OPC patients treated at our
institution over the same time period. Prior to initiation of therapy, all patients underwent
staging imaging, pathologic confirmation of disease, multidisciplinary evaluation within our
institution, including evaluations by head and neck surgery, medical oncology, and dental
oncology specialists, and all cases were presented at our head and neck cancer
multidisciplinary tumor board for individualized treatment recommendations regarding
sequence and combination of modalities.

The majority of OPC cases managed at our institution are treated with a radiation therapy-
based approach (12). Our general OPC treatment philosophies, including integration of
systemic therapy (13), target volume delineation (14), and post-radiation therapy neck
management (15) have previously been described elsewhere. Regarding simulation for
proton therapy, patients underwent non-contrast computed tomography (CT) simulation
immobilized in the supine position using a posterior customized head, neck and shoulder
mold, full length thermoplastic mask, and bite block with or without an oral stent. Target
volumes and organs at risk were manually delineated on each axial CT slice following
standard contouring guidelines. Following initial target volume delineation but prior to
treatment planning, each patient underwent group physical examination, including flexible
fiberoptic examination as appropriate; the proposed treatment strategy and target volumes
were then peer-reviewed within our Head and Neck Radiation Oncology Planning and
Development Clinic for quality assurance purposes (16). Target volumes were then finalized
and treatment planning initiated.
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IMPT doses were prescribed using a relative biological effectiveness (RBE) value of 1.1.
Generally, 66 Gy (RBE) was prescribed for small volume disease and 70 Gy (RBE) for more
advanced disease. IMPT plans used a simultaneous integrated boost technique, where lower
daily doses were delivered to surrounding soft tissue and lymphatic regions at risk of
harboring microscopic disease; depending on the estimated risk and number of fractions, the
elective regions received 54 to 63 Gy (RBE). Regarding neck volumes, bilateral neck
irradiation was pursued in all cases except for carefully selected patients with well-
lateralized tonsil cancers, where ipsilateral neck irradiation was considered (17).

Eclipse proton therapy treatment planning system (version 8.9, Varian Medical Systems,
Palo Alto, California) was used for IMPT planning. Typically, 3 beams were used for whole-
field bilateral neck IMPT plans: a left and right anterior oblique and single posterior beam,
as this beam arrangement was shown to optimize target coverage while minimizing dose to
the brain, brainstem, spinal cord, oral cavity, salivary glands, and larynx (1, 18). Multi-field
optimization was accomplished by simultaneously optimizing the spot intensities from all
fields, with the objective of covering at least 95% of the target volumes with the prescribed
doses while minimizing and appropriately balancing the dose among normal structures. The
spot size ranged from 0.5cm-1.4cm in air at the isocenter. The robustness of each treatment
plan was also considered in order to evaluate the sensitivity to uncertainties associated with
variations in patient setup (3mm in every direction) and proton beam range (+/- 3.5%) in
each patient (19, 20). For unilateral cases, single-field optimization was employed to achieve
prescribed doses in the target volumes and minimum doses outside.

Prior to treatment delivery, plan-specific quality assurance was performed including
measurements, independent dose calculation, and analysis of patient-specific treatment
delivery log files with appropriate modifications, as described by Zhu et al (6). Daily
orthogonal 2-dimensional kilovoltage x-ray images were compared with digitally
reconstructed radiographs generated by the treatment planning system from simulation CT
images to align the patient for image guidance. For additional verification, patients
underwent verification CT simulation during week 1 and 4 of therapy or more frequently to
determine the effects of weight loss or change in external contour of the patient due to
disease regression. Adaptive re-planning was considered on a case-by-case basis and
performed at the judgment of the treating physician.

and data collection

Patients were evaluated weekly during treatment by the treating radiation oncologist.
Feeding tube placement was based on a reactive approach in case of significant weight loss
(5-10%), after a discussion involving the patient, treating radiation oncologist and dietician.
Initial post-treatment evaluations were made at 8-12 weeks after therapy completion and
subsequently every 2-3 months for the first year, every 3-4 months for the second year, and
at least twice a year up to 5 years. Data were prospectively recorded according to predefined
data collection forms, and included baseline patient, tumor and treatment characteristics, and
oncologic outcomes. Additionally, at each visit, toxicity endpoints were assessed by the
treating physician according to the Common Terminology Criteria for Adverse Events,
version 4.03 scale (21). Acute toxicities were those observed between the start of
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radiotherapy and for 90 days after the end of radiotherapy, whereas late toxicities were those
observed beyond 90 days.

Patterns of failure analysis

Cases where local and/or regional disease were recorded had their immediate post-failure
diagnostic images exported as DICOM files from the clinical PACS system to the treatment
planning system, where radiological evident recurrent gross disease (recGTV) was manually
contoured. For each patient, the recurrence CT was co-registered with planning CT using
deformable image registration (DIR) techniques. DIR was performed using Velocity Al v.
3.01 commercial software (Varian Medical Systems, Atlanta, GA) validated previously by
our group (22). Subsequently, the deformation vector fields were applied to recGTVs to
convert them into ‘deformed recGTVs’ and transferred to the planning CT (supplementary
figure 1). Evaluation of deformed recGTVs relative to original planning target volumes and
prescribed radiation dose was done using both volumetric and dosimetric assessment (23,
24).

Statistical analysis

Results

Categorical data are presented as crude numbers and percentages and continuous data are
presented as median and range. Follow-up was calculated using the reverse Kaplan Meier
Methods (25). Survival times were computed from the date of the end of radiotherapy to the
occurrence of the first event. Events were death from any cause for overall survival and any
recurrence or death for progression-free survival. Actuarial survival rates are computed and
displayed using the Kaplan Meier method. Analyses were performed with JMP Pro v11
(SAS Institute Inc, Cary, North Carolina).

Patient, tumor and treatment characteristics

From 03/2011 to 07/2014, 50 patients with OPC participated in our study and were treated
with IMPT. Patient and tumor characteristics are displayed in Table 1, T- and N-
categorization in Table 2, and treatment characteristics in Table 3. Induction chemotherapy
regimens were in majority platinum and taxane based. One patient was treated
postoperatively with concurrent chemo-IMPT following transoral robotic surgery and neck
dissection. Two other patients had a neck excision/dissection prior to IMPT. Neck dissection
following IMPT was performed in 6 patients due to residual nodal remnants, and three of
these had viable residual disease on final pathology with subsequent regional control in all 6
patients. Doses to target volumes and organs at risk are reported in supplementary table 1
and two representative patient treatment plans are shown in figure 1. Nineteen patients
(38%) have had an adaptive re-planning during IMPT due to weight loss and/or tumor
volume changes, including one patient who required adaptive re-planning twice.

Survival analysis

The median follow-up of the cohort is 29 months (range: 8-49), with 49 patients having
more than 1 year follow-up. There were respectively 48, 26 and 13 patients alive and
followed up more than one, two or three years. At last follow-up, 2 patients had died, 1 of
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unknown cause and 1 of locoregional progression. Forty-five patients were alive and disease
free, 1 alive undergoing salvage therapy, 1 alive with active disease, and 1 was alive with an
unknown disease status due to lack of follow up in our center. The Kaplan Meier curves for
overall and progression free survival are displayed in Figure 2. The 2-year overall survival
rate and progression free survival were 94.5% (95% Confidence interval (Cl): 81.4, 98.5)
and 88.6% (95% ClI: 75.8, 95.1), respectively.

The treatment-related acute and late toxicity profile is reported in Table 4. Acute side effects
were dominated by dermatitis, mucositis and dysphagia. Sixteen patients (32%) had an
unplanned visit to our emergency center during treatment followed by hospitalization in 10
patients (20%), in most cases due to dehydration and pain resulting from oral mucositis with
subsequent acute odynophagia.

Median weight loss was 7.4%, with 6 patients experiencing more than 10% weight loss and
one more than 20% weight loss. One patient had a feeding tube placed before the start of
treatment due to poor initial nutritional status, while 11 other patients have had a feeding
gastrostomy tube placed during radiotherapy, with median tube duration of 82 days
following treatment completion (range: 28-497). Regarding swallowing assessments and
outcomes, symptomatic patients were referred for modified barium swallow studies (n=12
before IMPT, n=1 <90 days after IMPT, and n=9 between 90 days and 2 years post-IMPT).
Aspiration was detected on modified barium swallow in 1 patient at baseline (Penetration-
Aspiration Scale score = 8, “silent aspiration”) and persisted on follow up study in a 56 year
old male who had an extensive T4N2b tonsil cancer invading adjacent swallowing-critical
regions of the soft palate, and base of tongue.

Among significant late effects, five patients had their feeding tube for more than three
months after radiotherapy. One patient required his feeding tube more than one year after
radiotherapy and had it eventually removed 18 months after placement. No patient had
persistent grade 3 or higher dysphagia at last follow-up. New onset, post-IMPT aspiration or
esophageal stricture was not detected in any patient. One patient developed oropharyngeal
mucosal ulceration 16 months after treatment completion with stabilization of the ulcer and
improvement in symptoms following hyperbaric oxygen therapy. Fifty-two percent of
patients had grade 2+ xerostomia at one moment during follow up. At last follow-up, among
the 48 patients alive, 10 (21%) had grade 2 xerostomia, 32 (67%) grade 1 xerostomia, and 6
(12%) had grade 0. Of note, no myelitis, bone necrosis, trismus of any grade, grade 2+
subcutaneous fibrosis, nor grade 2+ fatigue were recorded in the long run and no patient
required tracheotomy.

Patterns of failure

Patient, tumor, treatment and recurrence characteristics are detailed in supplementary table
2. Overall the pattern of failure was as follows: two regional relapses, one local relapse, one
local and regional relapse and one biopsy proven distant relapse (lung). One additional
patient had his local and/or regional relapse evaluated at an outside facility, details of which
were not available. This patient initially presented with synchronous primaries of the
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oropharynx and hypopharynx, both classified as T4, and his relapse is felt to likely be in
field as the treatment volume was required to be large. Pattern of failure analysis was
therefore performed on the three remaining patients with locoregional relapse for whom
imaging of the recurrence was available. The two patients with regional recurrences had in
field relapses (three nodal volumes in these two patients), located within initial GTV or CTV
1 or 2. The sites of relapse are estimated to have received a minimum dose of 72.6, 66.4 and
65.2 Gy (RBE), respectively, and a dose to 95% of the recGTV of 73.2, 67.9 and 65.8 Gy
(RBE), respectively. In the final patient the relapse is classified as out of field and could
represent a second primary. Indeed this patient initially presented with a left tonsil T2N2b
p16 positive tumor and then recurred 43 months after completion of treatment in the right
(contralateral) glossopharyngeal sulcus associated with right level 1b adenopathy. Minimum
dose and dose to 95% of the relapse volume in this case were 62.9 and 64.8 Gy (RBE) for
the second primary tumor and 41.9 and 47.5 Gy (RBE) for the level Ib node. Failure analysis
is illustrated in the supplementary figure 2.

Discussion

The disease control, acute and late toxicity, and swallowing functional outcomes following
IMPT for OPC were largely favorable. The 2-year overall and progression free survival of
88.6% and crude locoregional failure rate of 8% reported here are comparable to the
contemporary series of OPC treated with IMRT at our institution, where the 2-year overall
and progression free survival rates were 92% and 88%, respectively (14). While all but one
patient in our series had a minimum follow up of one year and the majority had more than
two years, comparisons of longer-term mature results are needed.

The acute toxicity profile appears favorable, specifically placement of feeding tubes during
therapy. Overall, 24% in this study had a feeding tube placed before or during therapy,

where 47% required feeding tube placement in the aforementioned IMRT series (14). The
potential of proton therapy to reduce the requirement for feeding tube placement during
treatment compared to IMRT has been suggested in matched pair comparisons in both
nasopharyngeal cancer (26) and OPC (27), where an approximate 50% or greater reduction
in feeding tube requirement was seen with IMPT, likely related to dose reduction to the non-
target structures. Of interest, feeding tube placement is considered a surrogate for grade 3 for
numerous toxicities, and especially dysphagia, nausea/vomiting, xerostomia or weight loss.
These studies might however be biased and need replication in prospective trials.

Likewise, the observed late toxicity and swallowing functional outcomes were encouraging,
in that all feeding tubes had been removed at last follow up, with median feeding tube
duration of approximately two months from the completion of treatment, and no long term
high grade aspiration nor any esophageal strictures have been observed to date. Preventive
swallowing therapy emphasizing maximal use of the swallowing mechanism during IMPT
(“eat” and “exercise”) routinely implemented during the study period likely also contributes
to favorable functional outcomes (28). Just over 50% of patients experienced late grade 2+
xerostomia at some time point during follow up, but only 12 patients (25%) had grade 2
xerostomia at last follow-up. This is in agreement with the fact that long term xerostomia
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can improve over time (29), and even longer follow-up with detailed longitudinal reporting
and dosimetric correlation will be of interest.

The inherent limitations of a single-institution series of modest power apply here. While we
did focus on OPC, a head and neck anatomic site of particular interest to investigators,
additional analyses and studies will seek to incorporate baseline and longitudinal patient
reported outcomes, quantitative dosimetric factors, and serial objective toxicity and
functional measures, such as longitudinal sialometry and routine swallowing evaluations and
modified barium swallow studies.

Acknowledging these caveats, this prospective series represents the only OPC-specific report
detailing the previously lacking disease control and toxicity outcomes with IMPT. The
presented data have significant utility in that they demonstrate the feasibility and proof of
principle of advanced proton therapy techniques delivering simultaneous integrated boost
plans that have become standard with IMRT, thus laying the ground work for a direct head to
head comparison study.

Regarding patterns of disease recurrence, aside from the patient with synchronous T4
primaries of the oropharynx and hypopharynx for who details of his recurrence where not
available, no other patient developed a primary site recurrence within the targeted high-risk
volume. We did code one failure as local for the purpose of this analysis, yet it could
represent a contralateral second primary. The other two patients with locoregional
recurrences had isolated regional recurrences within previously targeted regions, and
underwent salvage surgical resection. We continue to follow our current neck evaluation and
management paradigm, and incorporate post-radiotherapy neck dissection for persistent
nodal disease after therapy, a surgical decision increasingly supplemented by PET/CT and/or
US-FNA of nodal remnants (15). We continue to prospectively track and analyze disease
control outcomes for quality improvement purposes. Overall, the pattern of failure reported
provides further clinical validation of the robustness of the modulated dose distributions
generated by IMPT, particularly at the primary tumor site.

On the basis of this initial experience and these encouraging disease control and toxicity
results, and given the reduction of integral dose to non-target normal tissues afforded by
IMPT (30), we are presently conducting a prospective randomized phase I1/111 trial
comparing IMPT and IMRT for patients with stage 111/1V oropharyngeal cancer, with the
current primary endpoint of toxicity reduction (ClinicalTrials.gov Identifier: XXXX).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Axial and coronal views of two representative treatment plansfor base of tongue (A)
and tonsil carcinoma (B) patients

Case A: 50-year old male, left base of tongue, T1 Nx(2b). Mean doses (Gy RBE): ipsi
parotid 23.4, contra parotid 16.8, ipsi SMG 63.6, contra SMG 34.6, OC 9, larynx 28.3,
esophagus 29.5, man 27.4, SPC 54, MPC 59.9, IPC 34.9;

Case B: 75-year-old male, left tonsil, T2 N2b. Mean doses (Gy RBE): ipsi parotid 35.1,
contra parotid 14.6, ipsi SMG 68.6, contra SMG 27.3, OC 13.4, larynx 29.9, esophagus
11.7, man 18.5, SPC 59.7, MPC 44.8, IPC 27.9

Abbreviations: BS, brainstem; contra, contralateral; CTV, clinical target volume; IPC,
inferior pharyngeal constrictor; ipsi, ipsilateral; L, left; man, mandible; MPC, middle
pharyngeal constrictor; OC, oral cavity; R, right; SC, spinal cord; SMG, submandibular
gland; SPC, superior pharyngeal constrictor; Thyroid G, thyroid gland; WB, whole brain
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Figure 2. Actuarial overall and progression free survival
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Patient and tumor characteristics
| n | %

Sex

Male 42 84%

Female 8 16%
Race

White 42 84%

Hispanic 5 10%

African American 1 2%

Asian 1 2%

Other 1 2%
Median age at diagnosis (range) | 61 years (37-84)
Patient smoking status

Never 25 50%

Current 23 46%

Former 2 4%
Primary sub-site

Tonsil 27 54%

Base of tongue 21 42%

Glossopharyngeal sulcus 2 4%
Stage

| 1 2%

1] 0 0%

1 9 18%

IVA 37 74%

IVB 3 6%
Tumor p16 status

Positive 44 88%

Unknown 5 10%

Negative 1 2%
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Treatment characteristics

| n | %

Treatment strategy

Concurrent chemo-IMPT 16 32%

IC — concurrent chemo-IMPT 15 30%

IMPT alone 13 26%

IC — IMPT alone 5 10%

TORS — concurrent chemo-IMPT 1 2%
Concurrent chemotherapy

Cisplatin 13 41%

Carboplatin 8 25%

Cetuximab 11 34%

None 18

Median dose (range)

70 Gy (60-70)

Median IMPT duration (range)

45 days (36-57)

Neck radiotherapy volume

Bilateral 40 80%
Unilateral 10 20%
Procedures/surgery prior to IMPT
Diagnostic tonsillectomy 12 24%
Neck dissection 1 2%
Tonsillectomy and neck dissection 1 2%
TORS and neck dissection 1 2%
None 35 70%

IC=induction chemotherapy; IMPT=intensity modulated proton therapy; Gy=Gray; TORS=transoral robotic surgery
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