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Abstract

Purpose: Radiation therapy (RT) is the standard treatment for patients with

inoperable skin malignancies of the head and neck region (H&N), and as adjuvant

treatment post surgery in patients at high risk for local or regional recurrence. This

study reports clinical outcomes of intensity-modulated proton therapy (IMPT) for

these malignancies.

Materials and Methods: We retrospectively reviewed cases involving 47 patients

with H&N malignancies of the skin (squamous cell, basal cell, melanoma, Merkel cell,

angiosarcoma, other) who underwent IMPT for curative intent between July 2016 and

July 2019. Overall survival was estimated via Kaplan-Meier analysis, and oncologic

outcomes were reported as cumulative incidence with death as a competing risk.

Results: The 2-year estimated local recurrence rate, regional recurrence rate, local

regional recurrence rate, distant metastasis rate, and overall survival were 11.1%

(95% confidence interval [CI], 4.1%-30.3%), 4.4% (95% CI, 1.1%-17.4%), 15.5%

(95% CI, 7%-34.3%), 23.4% (95% CI, 5.8%-95.5%), and 87.2% (95% CI, 75.7%-

100%), respectively. No patient was reported to have a grade 3 or higher adverse

event during the last week of treatment or at the 3-month follow-up visit.

Conclusion: IMPT is safe and effective in the treatment of skin malignancies of the

H&N.

Keywords: skin cancer; intensity-modulated proton therapy; oncologic outcomes; adverse

events

Introduction

Surgical excision is the primary treatment for carcinomas and sarcomas of the skin [1–5].

However, radiation therapy (RT) is used in some situations, such as patients with disease

in the head and neck region for whom surgery may result in cosmetic and/or functional

deficits, patients with unresectable disease, or patients with multiple medical comorbid-

ities. Radiation therapy also plays a role as an adjuvant treatment following surgery in

patients with close or positive margins, satellite tumors, deep invasion, high-grade
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malignancies, bone or cartilage invasion, perineural invasion, lymph node metastases, extranodal extension, or recurrent

disease.

There are several RT techniques for treating cutaneous lesions, including orthovoltage photons, 3-dimensional photon

therapy, intensity-modulated photon radiation therapy (IMRT), electrons, and intensity-modulated proton radiation therapy

(IMPT).

For scalp lesions, the dose distribution of electrons and orthovoltage RT is not conformal along the curved surfaces of the

scalp. Large targets will require matched fields with these techniques, which are likely to introduce severe inhomogeneity.

IMRT can conform dose to curved surfaces, resulting in increased homogenous tumor coverage as compared with other RT

techniques [6–10]. However, the penetrating nature of megavoltage RT used by IMRT can lead to increased doses to the

underlying brain [7–9] and eyes [7, 8] as compared with other RT techniques.

Ipsilateral neck RT in patients with skin lesions is indicated for treating primary lesions in the neck and for treating regional

nodes, which requires exclusion of organs of the upper aerodigestive tract from the treatment volume. IMRT provides good

dose conformity to the target volume. However, the integral dose to normal organs in the central or contralateral regions of the

neck results in toxicity [11–14].

For larger lesions involving the face, IMRT is preferred because it can confine dose within the tumor target volume and

restrict dose to the eyes, oral cavity, pharyngeal mucosa, and salivary glands. IMRT is also a recommended RT technique for

tumors with cranial nerve invasion because nerve pathways to the skull, cavernous sinus, and brainstem are close to critical

sensitive structures [15, 16]. However, IMRT has the limitation of entrance and exit dose in adjacent normal organs [17]. In

some patients who have gross disease close to critical normal organs, it is extremely difficult to increase dose to a therapeutic

level while keeping an acceptable dose constraint to the adjacent critical normal organs.

IMPT can produce conformal dose distributions around the tumor target volume like IMRT, but the distal dose is truncated,

sparing adjacent structures from collateral dose. Therefore, it is expected in some situations that toxicities can be minimized by

using IMPT for skin carcinomas and sarcomas in the head and neck region, compared with other RT modalities.

Previous studies of proton RT for treating patients with head and neck cancer, which included a small number of patients

with skin malignancies, showed at least similar or better dose distributions in the tumor target volume [11, 18–22] with less

dose to adjacent normal structures [11, 19–29] when compared to patients who were treated with IMRT. However, we are in

need of data to confirm whether the dosimetric advantages from IMPT can result in clinical advantages.

To date, there are limited studies documenting the clinical outcome of patients with skin malignancies in the head and neck

region treated with IMPT. The aim of this study is to provide oncologic outcomes of patients with skin carcinomas and

sarcomas in the head and neck region treated with IMPT. A subsequent article will report patient-reported outcomes related to

organ-at-risk dose-volume histogram statistics.

Materials and Methods

Study Design and Patient Population

This study is a retrospective study of skin carcinomas and sarcomas of the head and neck region treated with curative-intent

IMPT between July 2016 and July 2019. The study was approved by the Institutional Review Board. Patients were excluded

from analysis if they had previous RT to the same area, they did not give consent for their medical records to be used for

research, they did not receive a complete course of IMPT, or they were treated with a mixture of photons and protons. Forty-

seven patients were included. Demographic data, disease and treatment details, and patient status were extracted from the

electronic health records.

Treatment Details

Radiation therapy

All patients underwent computed tomography (CT) simulation with a customized head and neck rest, thermoplastic mask,

and intraoral device for immobilization. Bolus helmets were used for proton energy degradation and optimizing beam spot size

for superficial tumors that were close to critical organs, such as ocular structures. The relative biological equivalent of 1.1 was

used for proton dose calculation. Commonly prescribed dose regimens are shown in Table 1.
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For regions at intermediate or low risk of tumor extension, such as elective lymph nodes, a lower dose was prescribed.

Stereotactic radiosurgery was used as a boost technique for intracranial gross tumor extension in 3 patients. Treatment

volumes were determined and contoured by the treating radiation oncologist depending on the risk of microscopic tumor

extension. If there were risks for cranial nerve involvement the nerves at risk were contoured retrogradely to the brain stem.

Robust optimization was used with 3- to 5-mm translational setup uncertainties and 3% to 5% range uncertainties. The

treatment planning system was Varian Medical System’s Eclipse (Varian Medical Systems, Palo Alto, California).

IMPT planning used proton convolution superposition or an in-house Monte Carlo–based algorithm called Spock. Image-

guided RT was performed daily by using 2D-3D kV imaging with 6-degrees-of-freedom couch adjustments with an option for

in-room CT on rails volumetric verification. Weekly CT verification scans were performed on the in-room CT on rails with the

patient in the treatment position, and replanning was performed when the target volume that received at least 95% of the

prescribed dose (V95%) was , 95% or when a high-priority organ-at-risk dose deviation was . 5% or when a low-priority

organ-at-risk dose deviation was . 10%.

Systemic therapy and surgery

All patients underwent multidisciplinary evaluation. Patients who were appropriate surgical candidates were treated with

surgery. Most patients who received surgery at outside hospitals had their pathology specimens reviewed at Mayo Clinic and a

surgeon was consulted if there was a concern for margin status. The aim of surgery for skin malignancies was to remove the

tumor with negative margins and still maintain acceptable cosmesis, function, and quality of life. Systemic treatment was

determined by the consulting medical oncologist. For 9 patients with squamous cell carcinoma, 5 were treated with concurrent

cisplatin, 2 were treated with concurrent cemiplimab, 1 was treated with induction and concurrent cemiplimab, and 1 was

treated with induction carboplatin, paclitaxel, and cetuximab and concurrent cisplatin. For 3 patients with melanoma, 1 was

treated with adjuvant nivolumab following IMPT and 2 were treated with concurrent and adjuvant nivolumab.

Adverse Events

Provider-reported adverse events related to IMPT were recorded prospectively during the last week of treatment and at the 3-

month, 6-month, and 12-month follow-up visit by using Common Terminology Criteria for Adverse Events (CTCAE) version

4.03 (National Cancer Institute, Bethesda, Maryland).

Statistical Methods

The events of interest were local recurrence, regional nodal recurrence, local regional recurrence, distant metastasis, and

overall survival.

Patient characteristics, pathology, and dosimetry data are reported as median (interquartile range [IQR]) or percentage (N)

as appropriate. Local recurrence, regional nodal recurrence, local regional recurrence, distant metastasis, and overall survival

were calculated as the time from the last day of IMPT treatment to the date of the event or death. Recurrence and metastasis

rates were estimated by using a competing risks model, and overall survival was estimated by using the Kaplan-Meier method.

Effects of predictors were estimated by using Cox proportional hazards regression. Statistical significance was defined as P ,

.05. Statistical analyses were conducted with SAS version 9.4 (SAS Institute, Cary, North Carolina).

Table 1. Commonly prescribed IMPT dose.

Type of skin malignancy

Commonly prescribed IMPT dose (GyRBE 1.1)

Definitive IMPT Adjuvant IMPT

Squamous cell carcinoma,

basal cell carcinoma,

Merkel cell carcinoma,

sarcoma

� Gross tumor 60-70 Gy, 2.0-2.5 Gy per fraction,

5 fractions per wk

� Intermediate risk 63 Gy, 1.8 Gy per fraction SIB

� Low risk and elective nodal regions 56-57 Gy,

1.6 Gy per fraction SIB

� Surgical bed 60-66 Gy, 2-2.2 Gy per fraction,

5 fractions per wk

� Low risk and elective nodal regions 54 Gy,

1.8 Gy per fraction SIB

Melanoma 35 Gy, 7 Gy per fraction, 2 fractions per wk,

Monday-Thursday or Tuesday-Friday

30 Gy, 6 Gy per fraction, 2 fractions per wk,

Monday-Thursday or Tuesday-Friday

Abbreviations: IMPT, intensity-modulated proton therapy; SIB, simultaneous integrated boost.
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Results

Patient and Tumor Characteristics

Forty-seven patients were treated with IMPT. The median age was 72.8 years (IQR, 68.2-78.5). Eighty-five percent of patients

were men. Sixty-eight percent of patients were diagnosed with squamous cell carcinoma. Other histologic types included

melanoma, basal cell carcinoma, angiosarcoma, and Merkel cell carcinoma in 14.9%, 4.3%, 6.4%, and 2.1% of patients,

respectively. The tumor location was in area M (cheek, forehead, scalp, and neck) in 62.5% of patients, and in area H (central

face, eyelids, eyebrows, periorbital, nose, lips, chin, mandible, periauricular, and postauricular) in 37.5%. In approximately

50% of patients, primary and nodal classification could not be assessed. The details of patient and tumor characteristics are

shown in Table 2.

Treatment Characteristics

Most patients were treated with surgery combined with IMPT with or without chemotherapy (surgeryþIMPT, 59.6%;

surgeryþIMPTþchemotherapy, 14.9%). Chemotherapy was prescribed in 31.9% of patients. The median dose used was 60 Gy

(IQR, 60-66). Three patients received a stereotactic radiosurgical boost for gross intracranial tumor extension with a median

dose of 12 Gy (IQR, 10-12). The treatment volumes were grouped into ipsilateral neck (55.3%), scalp (25.5%), and face (17%).

The median clinical target volume (CTV) for the high-dose region was 106 cm3 (IQR, 20-308). The median percentage of

prescribed dose to 95% (D95%) of the high-risk CTV was 100% (IQR, 99%-101%). The details of treatment characteristics are

shown in Table 3.

Oncologic Outcomes

The median follow-up time was 1.31 years (IQR, 0.56-1.56). The details of disease recurrence and death are shown in Table

4.

The 2-year estimated local recurrence rate was 11.1% (95% CI, 4.1%-30.3%). The 2-year estimated regional nodal

recurrence rate was 4.4% (95% CI, 1.1%-17.4%). The 2-year death rate was 12.8% (95% CI, 0%-24.3%). The competing risks

curves are shown in the Figure.

In the largest squamous cell carcinoma histology subset, the 2-year estimated local recurrence, regional nodal recurrence,

local regional recurrence, distant metastasis, and death rates were 17.3% (95% CI, 6.4%-46.7%), 3.1% (95% CI, 0.4%-

22.2%), 20.0% (95% CI, 8.4%-47.9%), 23.3% (95% CI, 5.9%-92.2%), and 17.2% (95% CI, 0%-33.9%), respectively.

Univariable Analysis

Univariable analysis revealed that treatment with surgery and postoperative adjuvant IMPT was associated with lower risk for

local recurrence and local regional recurrence than IMPT alone. None of the other factors evaluated were found to be

associated with local recurrence, regional nodal recurrence, local regional recurrence, distant metastasis, or death as shown in

Table 5. A multivariable analysis was not performed owing to the small number of events.

Adverse Events

No patient was reported to have a grade 3 or higher adverse event during the last week of treatment or at the 3-month follow-

up visit, including ocular toxicity, radiation dermatitis, dry mouth, dysgeusia, mucosal infection, oral pain, pharyngolaryngeal

pain, salivary duct inflammation, brain necrosis, or osteoradionecrosis.

For grade 2 adverse events reported during the last week of treatment, 9 patients were reported to have radiation dermatitis,

3 dysgeusia, 3 oral pain, 2 pharyngolaryngeal pain, 2 dry mouth, 2 salivary duct inflammation, 2 ocular toxicity, and 1 mucosal

infection. At the 3-month follow-up visit, 2 patients were reported to have grade 2 dry mouth, 1 skin ulceration with infection,

and 1 dysgeusia.

Discussion

This retrospective early report of skin malignancies of the head and neck region treated with IMPT suggests that IMPT is safe

and effective in providing local and regional control of disease, particularly in the adjuvant setting for advanced disease.
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Table 2. Patient and tumor characteristics.

Characteristics IMPT (n ¼ 47)

Age, median (IQR), y 72.8 (68.2-78.5)

Sex, % (n/total)

Male 85.1 (40/47)

Female 14.9 (7/47)

Histologic type, % (n/total)

Squamous cell carcinoma 68.1 (32/47)

Basal cell carcinoma 4.3 (2/47)

Melanoma 14.9 (7/47)

Merkel cell carcinoma 2.1 (1/47)

Angiosarcoma 6.4 (3/47)

Othersa 4.3 (2/47)

Disease status (before IMPT), % (n/total)

First diagnosis 53.2 (25/47)

Recurrent disease 46.8 (22/47)

Location of tumor, % (n/total)

Area Mb 62.5 (25/40)

Area Hc 37.5 (15/40)

Missing n ¼ 7

Largest tumor size, median (IQR), cm 3 (2-4)

Depth of invasion, median (IQR), mm 12 (4-20)

T classification at initial diagnosisd, % (n/total)

TX 48.9 (23/47)

T0/T1/T2 27.7 (13/47)

T3/T4 23.4 (11/47)

N classification at initial diagnosisd, % (n/total)

NX 46.8 (22/47)

N0 34.0 (16/47)

N1/N2/N3 19.1 (9/47)

Perineural involvement, % (n/total)

No 3.8 (1/26)

Yes 96.2 (25/26)

Missing n ¼ 21

Lymphatic involvement, % (n/total)

No 50 (3/6)

Yes 50 (3/6)

Missing n ¼ 41

Vascular involvement, % (n/total)

No 50 (3/6)

Yes 50 (3/6)

Missing n ¼ 41

Surgical margins, % (n/total)

Negative (R0) 71.4 (25/35)

Positive (R1/R2) 28.6 (10/35)

Missing n ¼ 12

Abbreviations: IMPT, intensity-modulated proton therapy, IQR, interquartile

range; R0, negative margins; R1, microscopically positive margins; R2, gross

residual disease.
aOthers: dermatofibrosarcoma protuberans, pleomorphic dermal sarcoma.
bCheek, forehead, scalp, neck.
cCentral face, eyelids, eyebrows, periorbital, nose, lips, chin, mandible, periauric-

ular, postauricular.
dAJCC 8th edition,30 clinical and pathologic staging.
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There is limited research investigating proton therapy for skin malignancies of the head and neck region. One small

retrospective trial from Japan studied the results of proton therapy in 6 patients with skin carcinomas. Good tumor response (at

least 90% tumor regression in all patients) was observed [31]. Romesser et al [19] conducted a retrospective study in 41

patients with major salivary gland cancer or skin squamous cell carcinoma treated with ipsilateral neck proton or photon RT.

Comparing passive scattering proton RT to IMRT, they reported no difference in tumor dose coverage or 1-year local regional

tumor control.

There are several limitations in this retrospective study. The length of follow-up is relatively short. Longer follow-up will be

required to document long-term oncologic outcomes and late adverse events. However, these early results are promising.

Tumor and nodal classification could not be assessed in approximately 50% of patients. The reason for the missing initial

staging information was the lack of this information in the medical record, which could not be determined by any means for

patients referred from outside our institution. Another limitation is the variety of malignancies including squamous cell

carcinoma, basal cell carcinoma, melanoma, Merkel cell carcinoma, angiosarcoma, and other malignancies, which may have

Table 3. Treatment characteristics.

Characteristics IMPT (n ¼ 47)

Treatment regimen, % (n/total)

IMPT alone 8.5 (4/47)

SurgeryþIMPT 59.6 (28/47)

IMPTþchemotherapy 17.0 (8/47)

SurgeryþIMPTþ chemotherapy 14.9 (7/47)

IMPT indication, % (n/total)

Definitive IMPT 27.7 (13/47)

Adjuvant IMPT 72.3 (34/47)

IMPT dose (GyRBE 1.1)

Median (IQR) 60 (60-66)

Mean (SD) 57.7 (12.26)

IMPT region, % (n/total)

Scalpa 25.5 (12/47)

Ipsilateral neck 55.3 (26/47)

Bilateral neck 2.1 (1/47)

Faceb 17.0 (8/47)

IMPT volume, median (IQR), cm3

High-dose CTV 106 (20-308)

Intermediate-dose CTV 280 (140-519)

Low-dose CTV 159 (46-528)

D95% high-dose CTVc (%), median (IQR) 100 (99-101)

Abbreviations: IMPT, intensity-modulated proton therapy; IQR, interquartile

range; CTV, clinical target volume.
aForehead and scalp.
bCentral face, eyelid, eyebrows, periorbital nose, lips, chin, mandible, cheek,

periauricular, postauricular.
cPercentage of the prescribed dose that covered 95% of the CTV high-risk volume.

Table 4. Disease recurrence and death.

Event IMPT 2-year estimates, % (95% CI)

Local recurrence 11.1 (4.1-30.3)

Regional nodal recurrence 4.4 (1.1-17.4)

Local regional recurrence 15.5 (7-34.3)

Distant metastasis 23.4 (5.8-95.5)

Overall survival 87.2 (75.7-100)

Abbreviation: IMPT, intensity-modulated proton therapy; CI, confidence interval.
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differing disease control and survival outcomes. This is why we performed a separate analysis for the largest squamous cell

carcinoma subgroup.

Conclusion
IMPT is safe and effective in providing local and regional disease control for patients with skin malignancies of the head and

neck region.

ADDITIONAL INFORMATION AND DECLARATIONS

Conflicts of Interest: The authors have no relevant conflicts of interest to disclose.

Funding: The authors have no funding to disclose.

Ethical Approval: All patient data have been collected under institutional review board (IRB)–approved protocol.

Figure. Competing risks curves for local recurrence, regional nodal recurrence, local regional recurrence, distant metastasis, and death.
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Table 5. Hazard Ratio (95% Confidence Interval)

Characteristic

Local recurrence

(4 events)

Local regional recurrence

(6 events)

Distant metastasis

(4 events)

Overall survival

(4 events)

Age, per y 0.99 (0.92, 1.06) 0.98 (0.94, 1.03) 1.02 (0.92, 1.14) 1.10 (0.95, 1.27)

P .70 .48 .70 .21

Histologic type

Non–squamous cell 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Squamous cell 4.96 (0.19, 131) 2.68 (0.33, 21.97) 1.07 (0.09, 12.31) 1.73 (0.18, 16.70)

P .34 .36 .96 .64

Disease status

First diagnosis 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Recurrent disease 1.22 (0.18, 8.30) 2.55 (0.49, 13.21) 3.01 (0.32, 28.01) 3.77 (0.39, 36.31)

P .84 .26 .33 .25

Location of tumor

Area Ma 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Area Hb 3.19 (0.30, 33.37) 1.05 (0.19, 5.87) 1.16 (0.20, 6.90) 0.46 (0.05, 4.47)

P .33 .96 .87 .51

Largest tumor size, cm 0.60 (0.31, 1.18) 0.60 (0.35, 1.04) 0.82 (0.46, 1.47) 0.50 (0.13, 1.89)

P .14 .07 .51 .31

T classificationc

Overall P .73 .63 NA NA

T0/T1/T2 1.00 (reference) 1.00 (reference) NA NA

TX 1.93 (0.18, 20.35) 2.54 (0.27, 23.74) NA NA

P .59 .41 NA NA

T3/T4 0.33 (0.01, 14.46) 1.21 (0.08, 19.64) NA NA

P .80 .89 NA NA

N classificationc

Overall P NA .56 .69 .84

N0 NA 1.00 (reference) 1.00 (reference) 1.00 (reference)

NX NA 2.52 (0.25, 25.41) 4.32 (0.13, 143) 0.92 (0.13, 6.61)

P NA .43 .41 .93

N1/N2/N3 NA 3.68 (0.34, 39.60) 4.76 (0.11, 207) 0.35 (0.01, 12.39)

P NA .28 .42 .57

Surgical margins

Negative 1.0 (reference) NA NA 1.0 (reference)

Positive 2.62 (0.18, 38.79) NA NA 0.76 (0.01, 74.54)

P .48 NA NA .91

Treatment regimen NA

Overall P .14 .20 .33

IMPT alone 1.00 (reference) 1.00 (reference) 1.00 (reference) NA

SurgeryþIMPT 0.07 (0.01, 0.76) 0.14 (0.02, 0.93) 0.13 (0.01, 1.71) NA

P .03 .04 .12

IMPTþCT 0.07 (0.01, 2.77) 0.24 (0.03, 2.26) 0.09 (0.01, 4.94) NA

P .15 .21 .24

SurgeryþIMPTþCT 0.24 (0.03, 1.98) 0.24 (0.03, 2.00) 0.79 (0.08, 7.53) NA

P .18 .19 .84

IMPT indication

Definitive IMPT 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Adjuvant IMPT 0.17 (0.02, 1.44) 0.19 (0.04, 1.03) 1.36 (0.13, 14.20) 0.14 (0.01, 1.32)

P .10 .054 .80 .09

Abbreviations: NA, not analyzed; IMPT, intensity-modulated proton therapy; CT, chemotherapy.
aArea M: cheek, forehead, scalp, neck (reference).
bArea H: central face, eyelids, eyebrows, periorbital, nose, lips, chin, mandible, periauricular, postauricular.
cAJCC 8th edition,30 clinical and pathologic staging.

Bridhikitti et al (2021), Int J Particle Ther 301

Proton outcomes for head/neck skin cancer



References
1. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines): Squamous Cell Skin Cancer, Version 1.2020. www.

nncn.org/professionals/physician_gls/defalt.aspx. Accessed November 12, 2019.

2. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines): Basal Cell Skin Cancer, Version 1.2020. www.nncn.

org/professionals/physician_gls/defalt.aspx. Accessed November 12, 2019.

3. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines): Cutaneous Melanoma, Version 3.2019. www.nncn.

org/professionals/physician_gls/defalt.aspx. Accessed November 12, 2019.

4. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines): Merkel Cell Carcinoma, Version 1.2020. www.nncn.

org/professionals/physician_gls/defalt.aspx. Accessed November 12, 2019.

5. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines): Soft Tissue Sarcoma, Version 4.2019. www.nncn.org/

professionals/physician_gls/defalt.aspx. Accessed November 12, 2019.

6. Wojcicka JB, Lasher DE, McAfee SS, Fortier GA. Dosimetric comparison of three different treatment techniques in

extensive scalp lesion irradiation. Radiother Oncol. 2009;91:255–60.

7. Bedford JL, Childs PJ, Hansen VN, Warrington AP, Mendes RL, Glees JP. Treatment of extensive scalp lesions with

segmental intensity-modulated photon therapy. Int J Radiat Oncol Biol Phys. 2005;62:1549–58.

8. Locke J, Low DA, Grigireit T, Chao KS. Potential of tomotherapy for total scalp treatment. Int J Radiat Oncol Biol Phys.

2002;52:553–9.

9. Inoue M, Konno M, Ogawa H, Harada H, Asakura H, Fuji H, Murayama S, Nishimura T. A simpler method for total scalp

irradiation: the multijaw-size concave arc technique. J Appl Clin Med Phys. 2014;15:4786.

10. Orton N, Jaradat H, Welsh J, Tome W. Total scalp irradiation using helical tomotherapy. Med Dosim. 2005;30:162–8.

11. Kandula S, Zhu X, Garden AS, Gillin M, Rosenthal DI, Ang KK, Mohan R, Amin MV, Garcia JA, Wu R, Sahoo N, Frank SJ.

Spot-scanning beam proton therapy vs intensity-modulated radiation therapy for ipsilateral head and neck malignancies: a

treatment planning comparison. Med Dosim. 2013;38:390–4.

12. Cerezo L, Martin M, Lopez M, Marin A, Gomez A. Ipsilateral irradiation for well lateralized carcinomas of the oral cavity and

oropharynx: results on tumor control and xerostomia. Radiat Oncol. 2009;4:33.

13. Pursley J, Damato AL, Czerminska MA, Margalit DN, Sher DJ, Tishler RB. A comparative study of standard intensity-

modulated radiotherapy and RapidArc planning techniques for ipsilateral and bilateral head and neck irradiation. Med

Dosim. 2017;42:31–6.

14. Brodin NP, Kabarriti R, Garg MK, Guha C, Tome WA. Systematic review of normal tissue complication models relevant to

standard fractionation radiation therapy of the head and neck region published after the QUANTEC reports. Int J Radiat

Oncol Biol Phys. 2018;100:391–407.

15. Balamucki CJ, Mancuso AA, Amdur RJ, Kirwan JM, Morris CG, Flowers FP, Stoer CB, Cognetta AB, Mendenhall WM.

Skin carcinoma of the head and neck with perineural invasion. Am J Otolaryngol. 2012;33:447–54.

16. Jackson JE, Dickie GJ, Wiltshire KL, Keller J, Tripcony L, Poulsen MG, Huges M, Allison RW, Martin JM. Radiotherapy for

perineural invasion in cutaneous head and neck carcinomas: toward a risk-adapted treatment approach. Head Neck.

2009;31:604–10.

17. Rosenthal DI, Chambers MS, Fuller CD, Rebueno NC, Garcia J, Kies MS, Morrison WH, Ang KK, Garden AS. Beam path

toxicities to non-target structures during intensity-modulated radiation therapy for head and neck cancer. Int J Radiat

Oncol Biol Phys. 2008;72:747–55.

18. Cozzi L, Fogliata A, Lomax A, Bolsi A. A treatment planning comparison of 3D conformal therapy, intensity modulated

photon therapy and proton therapy for treatment of advanced head and neck tumours. Radiother Oncol. 2001;61:287–

97.

19. Romesser PB, Cahlon O, Scher E, Zhou Y, Berry SL, Rybkin A, Sine KM, Tang S, Sherman EJ, Wong R, Lee NY. Proton

beam radiation therapy results in significantly reduced toxicity compared with intensity-modulated radiation therapy for

head and neck tumors that require ipsilateral radiation. Radiother Oncol. 2016;118:286–92.

20. Lomax AJ, Goitein M, Adams J. Intensity modulation in radiotherapy: photons versus protons in the paranasal sinus.

Radiother Oncol. 2003;66:11–8.

Bridhikitti et al (2021), Int J Particle Ther 302

Proton outcomes for head/neck skin cancer

http://www.nncn.org/professionals/physician_gls/defalt.aspx
http://www.nncn.org/professionals/physician_gls/defalt.aspx
http://www.nncn.org/professionals/physician_gls/defalt.aspx
http://www.nncn.org/professionals/physician_gls/defalt.aspx
http://www.nncn.org/professionals/physician_gls/defalt.aspx
http://www.nncn.org/professionals/physician_gls/defalt.aspx
http://www.nncn.org/professionals/physician_gls/defalt.aspx
http://www.nncn.org/professionals/physician_gls/defalt.aspx
http://www.nncn.org/professionals/physician_gls/defalt.aspx
http://www.nncn.org/professionals/physician_gls/defalt.aspx


21. Mock U, Georg D, Bogner J, Auberger T, Potter R. Treatment planning comparison of conventional, 3D conformal, and

intensity-modulated photon (IMRT) and proton therapy for paranasal sinus carcinoma. Int J Radiat Oncol Biol Phys. 2004;

58:147–54.

22. Taheri-Kadkhoda Z, Bjork-Eriksson T, Nill S, Wilkens JJ, Oelfke U, Johansson KA, Huber PE, Munter MW. Intensity-

modulated radiotherapy of nasopharyngeal carcinoma: a comparative treatment planning study of photons and protons.

Radiat Oncol. 2008;3:4.

23. Lewis GD, Holliday EB, Kocak-Uzel E, Hernandez M, Garden AS, Rosenthal DI, Frank SJ. Intensity-modulated proton

therapy for nasopharyngeal carcinoma: decreased radiation dose to normal structures and encouraging clinical outcomes.

Head Neck. 2016;38(suppl 1):E1886–95.

24. Holliday EB, Kocak-Uzel E, Feng L, Thaker NG, Blanchard P, Rosenthal DI, Gunn GB, Garden AS, Frank SJ. Dosimetric

advantages of intensity-modulated proton therapy for oropharyngeal cancer compared with intensity-modulated radiation:

a case-matched control analysis. Med Dosim. 2016;41:189–94.

25. Simone CB II, Ly D, Dan TD, Ondos J, Ning H, Belard A, O’Connell J, Miller RW, Simone NL. Comparison of intensity-

modulated radiotherapy, adaptive radiotherapy, proton radiotherapy, and adaptive proton radiotherapy for treatment of

locally advanced head and neck cancer. Radiother Oncol. 2011;101:376–82.

26. Steneker M, Lomax A, Schneider U. Intensity modulated photon and proton therapy for the treatment of head and neck

tumors. Radiother Oncol. 2006;80:263–7.

27. Chera BS, Malyapa R, Louis D, Mendenhall WM, Li Z, Lanza DC, Yeung D, Mendenhall NP. Proton therapy for maxillary

sinus carcinoma. Am J Clin Oncol. 2009;32:296–303.

28. van de Water TA, Bijl HP, Schilstra C, Pijls-Johannesma M, Langendijk JA. The potential benefit of radiotherapy with

protons in head and neck cancer with respect to normal tissue sparing: a systematic review of literature. Oncologist. 2011;

16:366–77.

29. Johansson J, Blomquist E, Montelius A, Isacsson U, Glimelius B. Potential outcomes of modalities and techniques in

radiotherapy for patients with hypopharyngeal carcinoma. Radiother Oncol. 2004;72:129–38.

30. Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Washington MK, Gershenwald JE, Compton CC, Hess KR,

Sullivan DC, Jessup JM, Brierley JD, Gaspar LE, Schilsky RL, Balch CM, Winchester DP, Asare EA, Madera M, Gress

DM, Meyer LR, eds; American Joint Committee on Cancer. AJCC Cancer Staging Manual. 8th ed. New York, NY:

Springer International Publishing; 2017.

31. Umebayashi Y, Uyeno K, Tsujii H, Otsuka F. Proton radiotherapy of skin carcinomas. Br J Dermatol. 1994; 130:88–91.

Bridhikitti et al (2021), Int J Particle Ther 303

Proton outcomes for head/neck skin cancer


	b01
	b02
	b03
	b04
	b05
	b06
	b07
	b08
	b09
	b10
	b11
	b12
	b13
	b14
	b15
	b16
	b17
	b18
	b19
	b20
	b21
	b22
	b23
	b24
	b25
	b26
	b27
	b28
	b29
	b30
	b31

