
Proton Therapy Policy  

CVS Health considers proton beam radiotherapy (PBRT) medically necessary for the 

curative treatment of any of the following tumors: 

I. Primary CNS tumors; or  

II. Head and neck tumors (T4 or unresectable; excluding T1-T2N0M0 laryngeal 

cancer); or 

III. Paranasal sinus, other accessory sinus, or nasopharyngeal tumors; or 

IV. Skull-based tumors, (e.g., chordomas or chondrosarcomas); or 

V. Malignancies in children (21 years of age and younger); or 

VI. Ocular tumors, including intraocular/uveal melanoma (includes the iris, ciliary 

body and choroid); or 

VII. Re-irradiation of an in-field or marginal recurrence being treated with curative 

intent, where other radiotherapy approaches would exceed acceptable 

constraints; or 

VIII. Primary or metastatic tumors of the spine where the spinal cord tolerance would 

be exceeded with photon radiotherapy approaches; or 

IX. Non-metastatic retroperitoneal sarcomas; or 

X. Localized unresectable hepatocellular carcinoma (HCC) in the curative setting 

when documentation is provided that sparing of the surrounding normal tissue 

cannot be achieved with standard radiation therapy techniques, including 

intensity-modulated radiation therapy (IMRT), stereotactic body radiation therapy 

(SBRT), selective internal radiation spheres, and transarterial therapy (for 

example, chemoembolization). 

CVS Health considers proton beam radiotherapy experimental and investigational for all 

other indications because its effectiveness for these indications has not been established.  

The above is subject to medical necessity will be determined based on the terms of the 

member’s benefit plan. Please check benefit plan descriptions. 

 

 

 

 

 

 



References 

1. Adelaide Health Technology Assessment on behalf of National Horizon Scanning Unit 

(HealthPACT and MSAC). Proton beam therapy for cancer therapy. Horizon 

Scanning Prioritising Summary - Volume 13. Adelaide, SA; HealthPACT and MSAC; 

2006. 

2. Aibe N, Demizu Y, Sulaiman NS, et al. Outcomes of patients with primary sacral 

chordoma treated with definitive proton beam therapy. Int J Radiat Oncol Biol Phys. 

2018;100(4):972-979. 

3. Alahmari M, Temel Y. Skull base chordoma treated with proton therapy: A systematic 

review. Surg Neurol Int. 2019;10:96. 

4. Ahmed SK, Brown PD, Foote RL. Protons vs photons for brain and skull base tumors. 

Semin Radiat Oncol. 2018;28(2):97-107 

5. Ahmed SK, Watanabe M, deMello DE, Daniels TB. Pediatric metastatic odontogenic 

ghost cell carcinoma: A multimodal treatment approach. Rare Tumors. 

2015;7(2):5855. 

6. Aibe N, Demizu Y, Sulaiman NS, et al. Outcomes of patients with primary sacral 

chordoma treated with definitive proton beam therapy. Int J Radiat Oncol Biol Phys. 

2018;100(4):972-979. 

7. AIM Specialty Health. Appropriate use criteria: Proton beam therapy. Clinical 

Appropriate Guidelines: Radiation Oncology. Chicago, IL: AIM Specialty Health; 

effective November 10, 2019. 

8. Ajithkumar T, Mazhari AL, Stickan-Verfürth M, et al. Proton therapy for 

craniopharyngioma - An early report from a single European centre. Clin Oncol (R 

Coll Radiol). 2018;30(5):307-316. 

9. Allen A, Pawlicki T, Bonilla L, et al;  Evaluation Subcommittee of ASTRO’s Emerging 

Technologies Committee. An evaluation of proton beam therapy. Fairfax, VA: 

American Society for Radiation Oncology (ASTRO); October 2009. 

10. Allen AM, Pawlicki T, Dong L, et al. An evidence based review of proton beam 

therapy: The report of ASTRO's emerging technology committee. Radiother Oncol. 

2012;103(1):8-11.. 

11. Almefty K, Pravdenkova S, Colli BO, et al. Chordoma and chondrosarcoma: Similar, 

but quite different, skull base tumors. Cancer. 2007;110(11):2457-2467. 

12. Aljabab S, Liu A, Wong T, et al. Proton therapy for locally advanced oropharyngeal 

cancer: Initial clinical experience at the University of Washington. Int J Part Ther. 

2020;6(3):1-12. 

13. Al-Shahi R, Warlow CP. Interventions for treating brain arteriovenous malformations 

in adults. Cochrane Database Syst Rev. 2006;(1):CD003436. 

14. Alterio D, D'Ippolito E, Vischioni B, et al. Mixed-beam approach in locally advanced 

nasopharyngeal carcinoma: IMRT followed by proton therapy boost versus IMRT-

only. Evaluation of toxicity and efficacy. Acta Oncol. 2020;59(5):541-548. 

15. American Society for Radiation Oncology (ASTRO). Brachytherapy. ASTRO Model 

Policies. 2019. 

16. American Society for Radiation Oncology (ASTRO). Intensity modulated radiation 

therapy (IMRT). ASTRO Model Policies. 2019. 



17. American Society for Radiation Oncology (ASTRO). Proton beam therapy. ASTRO 

Model Policies. 2017. 

18. American Society for Radiation Oncology (ASTRO). Stereotactic body radiation 

therapy. ASTRO Model Policies. 2014. 

19. American Society for Radiation Oncology (ASTRO). Use of proton beam for prostate 

cancer. ASTRO Position Statement. Alexandria, VA: ASTRO: February 2013. 

20. Amsbaugh MJ, Grosshans DR, McAleer MF, et al. Proton therapy for spinal 

ependymomas: Planning, acute toxicities, and preliminary outcomes. Int J Radiat 

Oncol Biol Phys. 2012;83(5):1419-1424. 

21. Atkins KM, Pashtan IM, Bussière MR, et al. Proton stereotactic radiosurgery for brain 

metastases: A single-institution analysis of 370 patients. Int J Radiat Oncol Biol Phys. 

2018;101(4):820-829. 

22. Australian Safety and Efficacy Register of New Interventional Procedures - Surgical 

(ASERNIP-S). Proton beam therapy for the treatment of uveal melanoma. Horizon 

Scanning Report. Stepney, SA: Australian Safety and Efficacy Register of New 

Interventional Procedures - Surgical (ASERNIP-S); 2007. 

23. Australian Safety and Efficacy Register of New Interventional Procedures - Surgical 

(ASERNIP-S). Proton beam therapy for the treatment of neoplasms involving (or 

adjacent to) cranial structures. Horizon Scannint Report. Stepney, SA: Australian 

Safety and Efficacy Register of New Interventional Procedures -Surgical (ASERNIP-

S); 2007. 

24. Azami Y, Hayashi Y, Nakamura T, et al. Proton beam therapy for locally recurrent 

parotid gland cancer. Indian J Otolaryngol Head Neck Surg. 2019;71(Suppl 1):49-54. 

25. Badiyan SN, Rutenberg MS, Hoppe BS, et al. Clinical outcomes of patients with 

recurrent lung cancer reirradiated with proton therapy on the Proton Collaborative 

Group and University of Florida Proton Therapy Institute prospective registry studies. 

Pract Radiat Oncol. 2019;9(4):280-288. 

26. Bagley AF, Garden AS, Reddy JP, et al. Highly conformal reirradiation in patients with 

prior oropharyngeal radiation: Clinical efficacy and toxicity outcomes. Head Neck. 

2020;42(11):3326-3335. 

27. Bagley AF, Grosshans DR, Philip NV, et al. Efficacy of proton therapy in children with 

high-risk and locally recurrent neuroblastoma. Pediatr Blood Cancer. 

2019;66(8):e27786. 

28. Bai M, Gergelis KR, Sir M, et al. Comparing bowel and urinary domains of patient-

reported quality of life at the end of and 3 months post radiotherapy between 

intensity-modulated radiotherapy and proton beam therapy for clinically localized 

prostate cancer. Cancer Med. 2020;9(21):7925-7934. 

29. Barnes CJ, Bush DA, Grove RI, et al. Fractionated proton beam therapy for acoustic 

neuromas: Tumor control and hearing preservation. Int J Part Ther. 2018;4(4):28-36. 

30. Barsky AR, Reddy VK, Plastaras JP, et al. Proton beam re-irradiation for 

gastrointestinal malignancies: A systematic review. J Gastrointest Oncol. 

2020;11(1):187-202. 

31. Bassim MK, Berliner KI, Fisher LM, et al. Radiation therapy for the treatment of 

vestibular schwannoma: A critical evaluation of the state of the literature. Otol 

Neurotol. 2010;31(4):567-573. 



32. Baumann BC, Lustig RA, Mazzoni S, et al. A prospective clinical trial of proton therapy 

for chordoma and chondrosarcoma: Feasibility assessment. J Surg Oncol. 

2019;120(2):200-205. 

33. Baumann BC, Mitra N, Harton JG, et al. Comparative effectiveness of proton vs 

photon therapy as part of concurrent chemoradiotherapy for locally advanced 

cancer. JAMA Oncol. 2020;6(2):237-246. 

34. Bavle A, Tewari S, Sisson A, et al. Meta-analysis of the incidence and patterns of 

second neoplasms after photon craniospinal irradiation in children with 

medulloblastoma. Pediatr Blood Cancer. 2018;65(8):e27095. 

35. Beddok A, Feuvret L, Noel G, et al. Efficacy and toxicity of proton with photon 

radiation for locally advanced nasopharyngeal carcinoma. Acta Oncol. 

2019;58(4):472-474. 

36. Bekelman JE, Denicoff A, Buchsbaum J. Randomized trials of proton therapy: Why 

they are at risk, proposed solutions, and implications for evaluating advanced 

technologies to diagnose and treat cancer. J Clin Oncol. 2018;36(24):2461-2464. 

37. Bekelman JE, Lu H, Pugh S, et al.; RadComp (Radiotherapy Comparative 

Effectiveness Consortium). Pragmatic randomised clinical trial of proton versus 

photon therapy for patients with non-metastatic breast cancer: the Radiotherapy 

Comparative Effectiveness (RadComp) Consortium trial protocol. BMJ Open. 

2019;9(10):e025556. 

38. Beddok A, Feuvret L, Noel G, et al. Efficacy and toxicity of proton with photon 

radiation for locally advanced nasopharyngeal carcinoma. Acta Oncol. 

2019;58(4):472-474. 

39. Bhatt AD, Jacobson A, Lee RY, et al. High-dose proton beam-based radiation therapy 

in the management of extracranial chondrosarcomas. Int J Part Ther. 2017;3(3):373-

381. 

40. Blanchard P, Gunn GB, Lin A, et al. Proton therapy for head and neck cancers. Semin 

Radiat Oncol. 2018;28(1):53-63. 

41. BlueCross BlueShield Association (BCBSA), Technology Evaluation Center (TEC). 

Proton beam therapy for non-small-cell lung cancer. TEC Assessment Program. 

Chicago, IL BCBSA; 2011;25(7). 

42. BlueCross BlueShield Association (BCBSA), Technology Evaluation Center (TEC). 

Proton beam therapy for prostrate cancer. TEC Assessment Program. Chicago, IL: 

BCBSA; 2011;25(10). 

43. Bojaxhiu B, Ahlhelm F, Walser M, et al. Radiation necrosis and white matter lesions in 

pediatric patients with brain tumors treated with pencil beam scanning proton 

therapy. Int J Radiat Oncol Biol Phys. 2018;100(4):987-996. 

44. Böker A, Pilger D, Cordini D, et al. Neoadjuvant proton beam irradiation vs. adjuvant 

ruthenium brachytherapy in transscleral resection of uveal melanoma. Graefes Arch 

Clin Exp Ophthalmol. 2018;256(9):1767-1775. 

45. Bonnet RB, Bush D, Cheek GA, et al. Effects of proton and combined proton/photon 

beam radiation on pulmonary function in patients with resectable but medically 

inoperable non-small cell lung cancer. Chest. 2001;120(6):1803-1810. 

46. Brada M, Pijls-Johannesma M, De Ruysscher D. Current clinical evidence for proton 

therapy. Cancer J. 2009;15(4):319-324. 



47. Brada M, Pijls-Johannesma M, De Ruysscher D. Proton therapy in clinical practice: 

Current clinical evidence. J Clin Oncol. 2007;25:965–970. 

48. Braunstein LZ, Cahlon O. Potential morbidity reduction with proton radiation therapy 

for breast cancer. Semin Radiat Oncol. 2018;28(2):138-149. 

49. Bronk JK, Guha-Thakurta N, Allen PK, et al. Analysis of pseudoprogression after 

proton or photon therapy of 99 patients with low grade and anaplastic glioma. Clin 

Transl Radiat Oncol. 2018;9:30-34. 

50. Bryant C, Smith TL, Henderson RH, et al. Five-year biochemical results, toxicity, and 

patient-reported quality of life after delivery of dose-escalated image guided proton 

therapy for prostate cancer. Int J Radiat Oncol Biol Phys. 2016;95(1):422-434. 

51. Busch C, Löwen J, Pilger D, et al. Quantification of radiation retinopathy after beam 

proton irradiation in centrally located choroidal melanoma. Graefes Arch Clin Exp 

Ophthalmol. 2018;256(9):1599-1604. 

52. Bush DA, Cheek G, Zaheer S, et al, High-dose hypofractionated proton beam 

radiation therapy is safe and effective for central and peripheral early-stage non-

small cell lung cancer: Results of a 12-year experience at Loma Linda University 

Medical Center. Int J Radiat Oncol Biol Phys. 2013;86(5):964-968. 

53. Bush DA, Do S, Lum S, et al. Partial breast radiation therapy with proton beam: 5-year 

results with cosmetic outcomes. Int J Radiat Oncol Biol Phys. 2014;90(3):501-505. 

54. Bush DA, Hillebrand DJ, Slater JM, Slater JD. High-dose proton beam radiotherapy of 

hepatocellular carcinoma: Preliminary results of a phase II trial. Gastroenterology. 

2004;127(5 Suppl 1):S189-S193. 

55. Bush DA, Kayali Z, Grove R, Slater JD. The safety and efficacy of high-dose proton 

beam radiotherapy for hepatocellular carcinoma: A phase 2 prospective trial. 

Cancer. 2011;117(13):3053-3059. 

56. Bush DA, Slater JD, Garberoglio C, et al. A technique of partial breast irradiation 

utilizing proton beam radiotherapy: Comparison with conformal x-ray therapy. 

Cancer J. 2007;13(2):114-118. 

57. Bush DA, Slater JD, Garberoglio C, et al. Partial breast irradiation delivered with 

proton beam: Results of a phase II trial. Clin Breast Cancer. 2011;11(4):241-245. 

58. Bush DA, Smith JC, Slater JD, et al. Randomized clinical trial comparing proton beam 

radiation therapy with transarterial chemoembolization for hepatocellular carcinoma: 

Results of an interim analysis. Int J Radiat Oncol Biol Phys. 2016;95(1):477-482. 

59. Canadian Agency for Drugs and Technologies in Health (CADTH). Proton beam 

therapy versus photon radiotherapy for adult and pediatric oncology patients: A 

review of the clinical and cost-effectiveness. Rapid Response Report: Summary with 

Critical Appraisal. Ottawa, ON: CADTH; May 20, 2016. 

60. Canadian Agency for Drugs and Technologies in Health (CADTH). Proton beam 

therapy for the treatment of cancer in children and adults. CADTH Health 

Technology Assessment No. 145. Ottawa, ON: CADTH; August 2017.  

61. Cao W, Lim G, Liao L, et al. Proton energy optimization and reduction for intensity-

modulated proton therapy. Phys Med Biol. 2014;59(21):6341-6354. 

62. Carbonara R, Di Rito A, Monti A, et al. Proton versus photon radiotherapy for pediatric 

central nervous system malignancies: A systematic review and meta-analysis of 

dosimetric comparison studies. J Oncol. 2019;2019:5879723. 



63. Caujolle JP, Maschi C, Chauvel P, et al. Surgery and additional protontherapy for 

treatment of invasive and recurrent squamous cell carcinomas: Technique and 

preliminary results. J Fr Ophtalmol. 2009;32(10):707-714. 

64. Celik E, Baus W, Baues C, et al. Volumetric modulated arc therapy versus intensity-

modulated proton therapy in neoadjuvant irradiation of locally advanced 

oesophageal cancer. Radiat Oncol. 2020;15(1):120. 

65. Chadha AS, Gunther JR, Hsieh CE, et al. Proton beam therapy outcomes for localized 

unresectable hepatocellular carcinoma. Radiother Oncol. 2019;133:54-61. 

66. Chan AW, Bernstein KD, Adams JA, et al. Dose escalation with proton radiation 

therapy for high-grade meningiomas. Technol Cancer Res Treat. 2012;11(6):607-614. 

67. Chan RV, Yonekawa Y, Lane AM, et al. Proton beam irradiation using a light-field 

technique for the treatment of choroidal hemangiomas. Ophthalmologica. 

2010;224(4):209-216. 

68. Chang JH, Lee NK, Kim JY, et al. Phase II trial of proton beam accelerated partial 

breast irradiation in breast cancer. Radiother Oncol. 2013;108(2):209-214. 

69. Chang JY, Komaki R, Lu C, et al. Phase 2 study of high-dose proton therapy with 

concurrent chemotherapy for unresectable stage III nonsmall cell lung cancer. 

Cancer. 2011;117(20):4707-4713. 

70. Chang JY, Komaki R, Wen HY, et al. Toxicity and patterns of failure of 

adaptive/ablative proton therapy for early-stage, medically inoperable non-small cell 

lung cancer. Int J Radiat Oncol Biol Phys. 2011;80(5):1350-1357. 

71. Chang JY, Verma V, Li M, et al. Proton beam radiotherapy and concurrent 

chemotherapy for unresectable stage III non-small cell lung cancer: Final results of a 

phase 2 Study. JAMA Oncol. 2017;3(8):e172032. 

72. Chang JY, Zhang W, Komaki R, et al. Long-term outcome of phase I/II prospective 

study of dose-escalated proton therapy for early-stage non-small cell lung cancer. 

Radiother Oncol. 2017;122(2):274-280. 

73. Chen J, Lu JJ, Ma N, et al. Early stage non-small cell lung cancer treated with pencil 

beam scanning particle therapy: Retrospective analysis of early results on safety and 

efficacy. Radiat Oncol. 2019;14(1):16. 

74. Chen L, Kim IK, Lane AM, et al. Proton beam irradiation for non-AMD CNV: 2-year 

results of a randomised clinical trial. Br J Ophthalmol. 2014;98(9):1212-1217. 

75. Choi YJ, Kim TW, Kim S, et al. Effects on periocular tissues after proton beam 

radiation therapy for intraocular tumors. J Korean Med Sci. 2018;33(16):e120. 

76. Chowdhary M, Lee A, Gao S, et al. Is proton therapy a "pro" for breast cancer? A 

comparison of proton vs. non-proton radiotherapy using the National Cancer 

Database. Front Oncol. 2019;8:678. 

77. Chuong M, Bryant J, Hartsell W, et al. Minimal acute toxicity from proton beam 

therapy for major salivary gland cancer. Acta Oncol. 2020;59(2):196-200. 

78. Chuong M, Kaiser A, Molitoris J, et al. Proton beam therapy for liver cancers. J 

Gastrointest Oncol. 2020;11(1):157-165. 

79. Ciulla TA, Danis RP, Klein SB, et al.  Proton therapy for exudative age-related macular 

degeneration: A randomized, sham-controlled clinical trial. Am J Ophthalmol. 

2002;134(6):905-906. 



80. Clivio A, Kluge A, Cozzi L, et al. Intensity modulated proton beam radiation for 

brachytherapy in patients with cervical carcinoma. Int J Radiat Oncol Biol Phys. 

2013;87(5):897-903. 

81. Coen JJ, Bae K, Zietman AL, et al. Acute and late toxicity after dose escalation to 82 

GyE using conformal proton radiation for localized prostate cancer: initial report of 

American College of Radiology Phase II study 03-12. Int J Radiat Oncol Biol Phys. 

2011;81(4):1005-1009. 

82. Coen JJ, Zietman AL. Proton radiation for localized prostate cancer. Nat Rev Urol. 

2009;6(6):324-330. 

83. Coen JJ, Zietman AL, Rossi CJ, et al. Comparison of high-dose proton radiotherapy 

and brachytherapy in localized prostate cancer: A case-matched analysis. Int J 

Radiat Oncol Biol Phys. 2012;82(1):e25-31. 

84. Coggins WS, Pham NK, Nguyen AV, et al. A systematic review of ion radiotherapy in 

maintaining local control regarding atypical and anaplastic meningiomas. World 

Neurosurg. 2019;132:282-291. 

85. Colaco RJ, Huh S, Nichols RC, et al. Dosimetric rationale and early experience at 

UFPTI of thoracic proton therapy and chemotherapy in limited-stage small cell lung 

cancer. Acta Oncol. 2013;52:506-513. 

86. Colbert LE, Cloyd JM, Koay EJ, et al. Proton beam radiation as salvage therapy for 

bilateral colorectal liver metastases not amenable to second-stage hepatectomy. 

Surgery. 2017;161(6):1543-1548. 

87. Combs SE. Does proton therapy have a future in CNS tumors? Curr Treat Options 

Neurol. 2017;19(3):12. 

88. Cozzi L, Comito T, Fogliata A, et al. Critical appraisal of the potential role of intensity 

modulated proton therapy in the hypofractionated treatment of advanced 

hepatocellular carcinoma. PLoS One. 2018;13(8):e0201992. 

89. Cucinotta FA, Cacao E. Risks of cognitive detriments after low dose heavy ion and 

proton exposures. Int J Radiat Biol. 2019;95(7):985-998. 

90. Cushman TR, Verma V, Rwigema JM. Comparison of proton therapy and intensity 

modulated photon radiotherapy for locally advanced non-small cell lung cancer: 

Considerations for optimal trial design. J Thorac Dis. 2018;10(Suppl 9):S988-S990. 

91. Cutter DJ, Schaapveld M, Darby SC, et al. Risk of valvular heart disease after 

treatment for Hodgkin lymphoma. J Natl Cancer Inst. 2015;107(4). 

92. Damato B, Hope-Stone L, Cooper B, et al. Patient-reported outcomes and quality of 

life after treatment of choroidal melanoma: A comparison of enucleation versus 

radiotherapy in 1596 patients. Am J Ophthalmol. 2018;193:230-251. 

93. Das M. Intelligence outcomes after proton versus photon therapy. Lancet Oncol. 

2020;21(1):e16. 

94. DeCesaris CM, McCarroll R, Mishra MV, et al. Assessing outcomes of patients treated 

with re-irradiation utilizing proton pencil-beam scanning for primary or recurrent 

malignancies of the esophagus and gastroesophageal junction. J Thorac Oncol. 

2020;15(6):1054-1064. 

95. DeCesaris CM, Rice SR, Bentzen SM, et al. Quantification of acute skin toxicities in 

patients with breast cancer undergoing adjuvant proton versus photon radiation 



therapy: A single institutional experience. Int J Radiat Oncol Biol Phys. 

2019;104(5):1084-1090. 

96. DeLaney TF, Liebsch NJ, Pedlow FX, et al. Phase II study of high-dose photon/proton 

radiotherapy in the management of spine sarcomas. Int J Radiat Oncol Biol Phys. 

2009;74(3):732-739. 

97. DeLaney TF, Liebsch NJ, Pedlow FX, et al. Long-term results of Phase II study of high 

dose photon/proton radiotherapy in the management of spine chordomas, 

chondrosarcomas, and other sarcomas. J Surg Oncol. 2014;110(2):115-122. 

98. Demizu Y, Mizumoto M, Onoe T, et al. Proton beam therapy for bone sarcomas of the 

skull base and spine: A retrospective nationwide multicenter study in Japan. Cancer 

Sci. 2017;108(5):972-977. 

99. Deville C Jr, Hwang WT, Barsky AR, et al. Initial clinical outcomes for prostate cancer 

patients undergoing adjuvant or salvage proton therapy after radical prostatectomy. 

Acta Oncol. 2020 May 18:1-5. 

100. Dionisi F, Croci S, Giacomelli I, et al. Clinical results of proton therapy 

reirradiation for recurrent nasopharyngeal carcinoma. Acta Oncol. 2019;58(9):1238-

1245. 

101. Dionisi F, Widesott L, Lorentini S, Amichetti M. Is there a role for proton 

therapy in the treatment of hepatocellular carcinoma? A systematic review. 

Radiother Oncol. 2014;111(1):1-10. 

102. Doyen J, Jazmati D, Geismar D, et al. Outcome and patterns of relapse in 

childhood parameningeal rhabdomyosarcoma treated with proton beam therapy. Int 

J Radiat Oncol Biol Phys. 2019;105(5):1043-1054. 

103. Drolet BA, Trenor CC 3rd, Brandao LR, et al. Consensus-derived practice 

standards plan for complicated Kaposiform hemangioendothelioma. J Pediatr. 

2013;163(1):285-291. 

104. Dutz A, Agolli L, Baumann M, et al. Early and late side effects, dosimetric 

parameters and quality of life after proton beam therapy and IMRT for prostate 

cancer: A matched-pair analysis. Acta Oncol. 2019;58(6):916-925. 

105. Dutz A, Agolli L, Bütof R, et al. Neurocognitive function and quality of life after 

proton beam therapy for brain tumour patients. Radiother Oncol. 2020;143:108-116. 

106. Dutz A, Troost EGC, Löck S. Keine Überlegenheit der Protonentherapie 

gegenüber der IMRT beim lokal fortgeschrittenen NSCLC [Proton therapy not 

superior to IMRT in locally advanced NSCLC]. Strahlenther Onkol. 2018;194(8):790-

793. 

107. Dworkin M, Mehan W, Niemierko A, et al. Increase of pseudoprogression and 

other treatment related effects in low-grade glioma patients treated with proton 

radiation and temozolomide. J Neurooncol. 2019;142(1):69-77. 

108. Eaton BR, Esiashvili N, Kim S, et al. Endocrine outcomes with proton and 

photon radiotherapy for standard risk medulloblastoma. Neuro Oncol. 

2016;18(6):881-887. 

109. Eaton BR, Goldberg S, Tarbell NJ, et al. Long-term health related quality of life 

in pediatric brain tumor survivors treated with proton radiotherapy at <4 years of 

age. Neuro Oncol. 2020;22(9):1379-1387. 



110. Eckel F, Brunner T, Jelic S; ESMO Guidelines Working Group. Biliary cancer: 

ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 

2011;22(Suppl 6):vi40-vi44. 

111. Eekers DBP, Roelofs E, Cubillos-Mesías M, et al. Intensity-modulated proton therapy 

decreases dose to organs at risk in low-grade glioma patients: Results of a 

multicentric in silico ROCOCO trial. Acta Oncol.2019;58(1):57-65. 

112. Efstathiou JA, Paly JJ, Lu HM, et al. Adjuvant radiation therapy for early stage 

seminoma: Proton versus photon planning comparison and modeling of second 

cancer risk. Radiother Oncol. 2012;103(1):12-17. 

113. Efstathiou JA, Trofimov AV, Zietman AL. Life, liberty, and the pursuit of protons: An 

evidence-based review of the role of particle therapy in the treatment of prostate 

cancer. Cancer J. 2009;15(4):312-318. 

114. Egger E, Zografos L, Schalenbourg A, et al.  Eye retention after proton beam 

radiotherapy for uveal melanoma. Int J Radiat Oncol Biol Phys. 2003;55(4):867-880. 

115.El Shafie RA, Czech M, Kessel KA, et al. Clinical outcome after particle therapy for 

meningiomas of the skull base: Toxicity and local control in patients treated with 

active raster scanning. Radiat Oncol. 2018;13(1):54. 

116. El-Assal KS, Salvi SM, Rundle PA, et al. Treatment of invasive ocular surface 

squamous neoplasia with proton beam therapy. Eye (Lond). 2013;27(10):1223-1224. 

117. Elhammali A, Blanchard P, Yoder A, et al. Clinical outcomes after intensity-

modulated proton therapy with concurrent chemotherapy for inoperable non-small 

cell lung cancer. Radiother Oncol. 2019;136:136-142. 

118.Engeseth GM, Stieb S, Mohamed ASR, et al. Outcomes and patterns of radiation 

associated brain image changes after proton therapy for head and neck skull base 

cancers. Radiother Oncol. 2020;151:119-125. 

119. English M, Grundy RG, Peet A, et al. Proton beam therapy for 

medulloblastoma. Lancet Oncol. 2016;17(5):e174.  

120. eviCore healthcare. Radiation oncology. Clinical Guidelines, version 3.0. 

Bluffton, SC: eviCore; effective September 21, 2020.  

121. Falkson CB, Vella ET, Yu E, et al. Radiotherapy with curative intent in patients with 

early-stage, medically inoperable, non-small-cell lung cancer: A systematic review. 

Clin Lung Cancer. 2017;18(2):105-121. 

122. Fan M, Kang JJ, Lee A, et al. Outcomes and toxicities of definitive 

radiotherapy and reirradiation using 3-dimensional conformal or intensity-modulated 

(pencil beam) proton therapy for patients with nasal cavity and paranasal sinus 

malignancies. Cancer. 2020;126(9):1905-1916. 

123. Fang P, Shirashi Y, Verma V, et al, Lymphocyte-sparing effect of proton 

therapy in patients with oesophageal cancer treated with definitive chemoradiation. 

Int J Particle Ther. 2018;4(3):23-32. 

124. Fitzek MM, Linggood RM, Adams J, Munzenrider JE. Combined proton and 

photon irradiation for craniopharyngioma: Long-term results of the early cohort of 

patients treated at Harvard Cyclotron Laboratory and Massachusetts General 

Hospital. Int J Radiat Oncol Biol Phys. 2006;64(5):1348-1354. 



125. Florijn MA, Sharfo AWM, Wiggenraad RGJ, et al. Lower doses to hippocampi 

and other brain structures for skull-base meningiomas with intensity modulated 

proton therapy compared to photon therapy. Radiother Oncol. 2020;142:147-153. 

126. Flynn K. Brief overview: Reviews of proton beam therapy for cancer. Boston, 

MA: Veterans Health Administration Technology Assessment Program (VATAP); April 

2010. 

127. Fournier-Goodnight AS, Ashford JM, Merchant TE, et al. Neurocognitive 

functioning in pediatric craniopharyngioma: performance before treatment with 

proton therapy. J Neurooncol. 2017;134(1):97-105. 

128. Frank SJ, Blanchard P, Lee JJ, et al. Comparing intensity-modulated proton 

therapy with intensity-modulated photon therapy for oropharyngeal cancer: The 

journey from clinical trial concept to activation. Semin Radiat Oncol. 2018;28(2):108-

113. 

129. Fujiwara T, Tsuda Y, Stevenson J, et al. Sacral chordoma: Do the width of 

surgical margin and the use of photon/proton radiotherapy affect local disease 

control? Int Orthop. 2020;44(2):381-389. 

130. Fukumitsu N, Ishikawa H, Arimura T, et al. Proton therapy for primary renal 

cell carcinoma: The first nationwide retrospective study in Japan. In Vivo. 

2020;34(5):2883-2889. 

131. Fukumitsu N, Okumura T, Takizawa D, et al. Proton beam therapy for liver 

metastases from gastric cancer. J Radiat Res. 2017;58(3):357-362. 

132. Gabani P, Patel H, Thomas MA, eet al. Clinical outcomes and toxicity of proton 

beam radiation therapy for re-irradiation of locally recurrent breast cancer. Clin 

Transl Radiat Oncol. 2019;19:116-122. 

133. Galland-Girodet S, Pashtan I, MacDonald SM, et al. Long-term cosmetic 

outcomes and toxicities of proton beam therapy compared with photon-based 3-

dimensional conformal accelerated partial-breast irradiation: A phase 1 trial. Int J 

Radiat Oncol Biol Phys. 2014;90(3):493-500. 

134. Garant A, Whitaker TJ, Spears GM, et al.  A comparison of patient-reported 

health-related quality of life during proton versus photon chemoradiation therapy for 

esophageal cancer. Pract Radiat Oncol. 2019;9(6):410-417. 

135. Gentile MS, Yeap BY, Paganetti H, et al. Brainstem injury in pediatric patients 

with posterior fossa tumors treated with proton beam therapy and associated 

dosimetric factors. Int J Radiat Oncol Biol Phys. 2018;100(3):719-729. 

136. Germano IM, Sheehan J, Parish J, et al. Congress of Neurological Surgeons 

Systematic Review and Evidence-Based Guidelines on the Role of Radiosurgery and 

Radiation Therapy in the Management of Patients With Vestibular Schwannomas. 

Neurosurgery. 2018;82(2):E49-E51. 

137. Gomez DR, Gillin M, Liao Z, et al. Phase 1 study of dose escalation in 

hypofractionated proton beam therapy for non-small cell lung cancer. Int J Radiat 

Oncol Biol Phys. 2013;86(4):665-670. 

138. Gondi V, Pugh SL, Tome WA, et al. Preservation of memory with conformal 

avoidance of the hippocampal neural stem-cell compartment during whole-brain 

radiotherapy for brain metastases (RTOG 0933): a phase II multi-institutional trial. J 

Clin Oncol. 2014;32(34):3810-3816. 



139. Gragoudas ES, Lane AM, Regan S, et al. A randomized controlled trial of 

varying radiation doses in the treatment of choroidal melanoma. Arch Ophthalmol. 

2000;118(6):773-778. 

140. Grant SR, Hutcheson KA, Ye R, et al. Prospective longitudinal patient-reported 

outcomes of swallowing following intensity modulated proton therapy for 

oropharyngeal cancer. Radiother Oncol. 2020;148:133-139. 

141. Greenberger BA, Pulsifer MB, Ebb DH, et al. Clinical outcomes and late 

endocrine, neurocognitive, and visual profiles of proton radiation for pediatric low-

grade gliomas. Int J Radiat Oncol Biol Phys. 2014;89(5):1060-1068. 

142. Grewal AS, Schonewolf C, Min EJ, et a. Four-year outcomes from a 

prospective phase II clinical trial of moderately hypofractionated proton therapy for 

localized prostate cancer. Int J Radiat Oncol Biol Phys. 2019;105(4):713-722. 

143. Grieco JA, Abrams AN, Evans CL, et al. A comparison study assessing 

neuropsychological outcome of patients with post-operative pediatric cerebellar 

mutism syndrome and matched controls after proton radiation therapy. Childs Nerv 

Syst. 2020;36(2):305-313. 

144. Grewal AS, Schonewolf C, Min EJ, et al. Four-year outcomes from a 

prospective phase II clinical trial of moderately hypofractionated proton therapy for 

localized prostate cancer. Int J Radiat Oncol Biol Phys. 2019;105(4):713-722. 

145. Gross JP, Powell S, Zelko F, et al. Improved neuropsychological outcomes 

following proton therapy relative to X-ray therapy for pediatric brain tumor patients. 

Neuro Oncol. 2019;21(7):934-943. 

146. Guan X, Gao J, Hu J, et al. The preliminary results of proton and carbon ion 

therapy for chordoma and chondrosarcoma of the skull base and cervical spine. 

Radiat Oncol. 2019;14(1):206. 

147. Gunther JR, Rahman AR, Dong W, et al. Craniospinal irradiation prior to stem 

cell transplant for hematologic malignancies with CNS involvement: Effectiveness 

and toxicity after photon or proton treatment. Pract Radiat Oncol. 2017;7(6):e401-

e408. 

148. Guttmann DM, Frick MA, Carmona R, et al. A prospective study of proton 

reirradiation for recurrent and secondary soft tissue sarcoma. Radiother Oncol. 

2017;124(2):271-276. 

149. Ha B, Cho KH, Lee KH, et al. Long-term results of a phase II study of 

hypofractionated proton therapy for prostate cancer: Moderate versus extreme 

hypofractionation. Radiat Oncol. 2019;14(1):4. 

150. Hall EJ. Intensity-modulated radiation therapy, protons, and the risk of second 

cancers. Int J Radiat Oncol Biol Phys. 2006;65(1):1-7. 

151.Harada H, Fuji H, Ono A, et al. Dose escalation study of proton beam therapy with 

concurrent chemotherapy for stage III non-small cell lung cancer. Cancer Sci. 

2016;107(7):1018-1021. 

152. Hasan S, Abel S, Verma V, et al. Proton beam therapy versus stereotactic 

body radiotherapy for hepatocellular carcinoma: Practice patterns, outcomes, and 

the effect of biologically effective dose escalation. J Gastrointest Oncol. 

2019;10(5):999-1009. 



153. Hassed P, Mundy L. Proton and heavy ion therapy: An overview. Health Policy 

Advisory Committee on Technology (HealthPACT). Brisbane, QLD; Queensland 

Department of Health; 2017 

154. Hata M, Tokuuye K, Kagei K, et al. Hypofractionated high-dose proton beam 

therapy for stage I non-small-cell lung cancer: Preliminary results of a phase I/II 

clinical study. Int J Radiat Oncol Biol Phys. 2007;68(3):786-793. 

155. Henderson RH, Hoppe BS, Marcus RB Jr, et al. Urinary functional outcomes 

and toxicity five years after proton therapy for low- and intermediate-risk prostate 

cancer: Results of two prospective trials. Acta Oncol. 2013;52(3):463-469. 

156. Hill-Kayser CE, Tochner Z, Li Y, Kurtz G, et al. Outcomes after proton therapy 

for treatment of pediatric high-risk neuroblastoma. Int J Radiat Oncol Biol Phys. 

2019;104(2):401-408. 

157. Hishiki T, Matsumoto K, Ohira M, et al.; Japan Childhood Cancer Group 

Neuroblastoma Committee (JNBSG). Results of a phase II trial for high-risk 

neuroblastoma treatment protocol JN-H-07: A report from the Japan Childhood 

Cancer Group Neuroblastoma Committee (JNBSG). Int J Clin Oncol. 2018;23(5):965-

973. 

158. Hocht S, Wachtlin J, Bechrakis NE, et al. Proton or photon irradiation for 

hemangiomas of the choroid? A retrospective comparison. Int J Radiat Oncol Biol 

Phys. 2006;66(2):345-351. 

159. Holtzman AL, Mendenhall WM. High-dose conformal proton therapy for 

clinical perineural invasion in cutaneous head and neck cancer. Oral Oncol. 2020 

Jan;100:104486. 

160. Holtzman AL, Rotondo RL, Rutenberg MS, et al. Proton therapy for skull-base 

chondrosarcoma, A single-institution outcomes study. J Neurooncol. 

2019;142(3):557-563. 

161. Hong TS, DeLaney TF, Mamon HJ, et al. A prospective feasibility study of 

respiratory-gated proton beam therapy for liver tumors. Pract Radiat Oncol. 

2014;4(5):316-322. 

162. Hong TS, Ryan DP, Blaszkowsky LS, et al. Phase I study of preoperative short-

course chemoradiation with proton beam therapy and capecitabine for resectable 

pancreatic ductal adenocarcinoma of the head. Int J Radiat Oncol Biol Phys. 

2011;79(1):151-157. 

163. Hong TS, Wo JY, Yeap BY, et al. Multi-institutional phase II study of high-dose 

hypofractionated proton beam therapy in patients with localized, unresectable 

hepatocellular carcinoma and intrahepatic cholangiocarcinoma. J Clin Oncol. 

2016;34(5):460-468. 

164. Hope-Stone L, Brown SL, Heimann H, Damato B. Comparison between 

patient-reported outcomes after enucleation and proton beam radiotherapy for 

uveal melanomas: A 2-year cohort study. Eye (Lond). 2019;33(9):1478-1484. 

165. Hoppe BS, Flampouri S, Zaiden R, et al. Involved-node proton therapy in 

combined modality therapy for Hodgkin lymphoma: results of a phase 2 study. Int J 

Radiat Oncol Biol Phys. 2014;89(5):1053-1059. 

166. Hoppe BS, Henderson R, Pham D, et al. A phase 2 trial of concurrent 

chemotherapy and proton therapy for stage III non-small cell lung cancer: Results 



and reflections following early closure of a single-institution study. Int J Radiat Oncol 

Biol Phys. 2016;95(1):517-522. 

167. Hoppe BS, Hill-Kayser CE, Tseng YD, et al. Consolidative proton therapy after 

chemotherapy for patients with Hodgkin lymphoma. Ann Oncol. 2017;28(9):2179-

2184. 

168. Hoppe BS, Tsai H, Larson G, et al. Proton therapy patterns-of-care and early 

outcomes for Hodgkin lymphoma: Results from the Proton Collaborative Group 

Registry. Acta Oncol. 2016;55(11):1378-1380. 

169. Hsu CY, Wang CW, Cheng AL, Kuo SH. Hypofractionated particle beam 

therapy for hepatocellular carcinoma-a brief review of clinical effectiveness. World J 

Gastrointest Oncol. 2019;11(8):579-588. 

170. Hu W, Hu J, Gao J, et al. Outcomes of orbital malignancies treated with eye-

sparing surgery and adjuvant particle radiotherapy: A retrospective study. BMC 

Cancer. 2019;19(1):776. 

171. Hug EB, Slater JD. Proton radiation therapy for chordomas and chondrosarcomas of 

the skull base. Neurosurg Clin N Am. 2000;11(4):627-638.  

172. Hung SP, Huang BS, Hsieh CE, et al. Clinical outcomes of patients with 

unresectable cholangiocarcinoma treated with proton beam therapy. Am J Clin 

Oncol. 2020;43(3):180-186. 

173. Huynh M, Marcu LG, Giles E, et al. Are further studies needed to justify the use 

of proton therapy for paediatric cancers of the central nervous system? A review of 

current evidence. Radiother Oncol. 2019;133:140-148. 

174. Huynh M, Marcu LG, Giles E, et al. Current status of proton therapy outcome 

for paediatric cancers of the central nervous system - Analysis of the published 

literature. Cancer Treat Rev. 2018;70:272-288. 

175. Igaki H, Mizumoto M, Okumura T, et al. A systematic review of publications on 

charged particle therapy for hepatocellular carcinoma. Int J Clin Oncol. 

2018;23(3):423-433. 

176. Imber BS, Neal B, Casey DL, et al. Clinical outcomes of recurrent intracranial 

meningiomas treated with proton beam reirradiation. Int J Part Ther. 2019;5(4):11-22. 

177. Indelicato DJ, Bradley JA, Rotondo RL, et al. Outcomes following proton 

therapy for pediatric ependymoma. Acta Oncol. 2018;57(5):644-648. 

178. Indelicato DJ, Rotondo RL, Krasin MJ, et al. Outcomes following proton 

therapy for group III pelvic rhabdomyosarcoma. Int J Radiat Oncol Biol Phys. 

2020;106(5):968-976. 

179. Indelicato DJ, Rotondo RL, Uezono H, et al. Outcomes following proton 

therapy for pediatric low-grade glioma. Int J Radiat Oncol Biol Phys. 2019;104(1):149-

156. 

180. Institut National d’Excellence en Santé et en Services Sociaux (INESSS). Mise 

à jour des indications de la protonthérapie en oncologie. Note informative rédigée 

par Nina N. Mombo. Québec, QC: INESSS; 2017. 

181.Institute for Clinical and Economic Review (ICER). Brachytherapy and proton beam 

therapy for treatment of clinically localized, low-risk prostate cancer. Final Appraisal 

Document. Boston, MA: ICER; December 22, 2008. 



182. Iwata H, Toshito T, Hayashi K, et al. Proton therapy for non-squamous cell 

carcinoma of the head and neck: Planning comparison and toxicity. J Radiat Res. 

2019;60(5):612-621. 

183. Jalali R, Goda JS. Proton beam therapy in pediatric brain tumor patients: 

Improved radiation delivery techniques improve neurocognitive outcomes. Neuro 

Oncol. 2019;21(7):830-831. 

184. Jefferson T, Formoso G, Venturelli F, et al. Hadrontherapy for cancer. An 

overview of HTA reports and ongoing studies. Recenti Prog Med. 2019;110(12):566-

586. 

185. Jenkinson MD, Weber DC, Haylock BJ, et al. Letter to the Editor. Phase III 

randomized controlled trials are essential to properly evaluate the role of 

radiotherapy in WHO grade II meningioma. J Neurosurg. 2018;129(4):1104-1105. 

186. Jethwa KR, Haddock MG, Tryggestad EJ, Hallemeier CL. The emerging role of 

proton therapy for esophagus cancer. J Gastrointest Oncol. 2020;11(1):144-156. 

187. Jethwa KR, Tryggestad EJ, Whitaker TJ, et al. Initial experience with intensity 

modulated proton therapy for intact, clinically localized pancreas cancer: Clinical 

implementation, dosimetric analysis, acute treatment-related adverse events, and 

patient-reported outcomes. Adv Radiat Oncol. 2018;3(3):314-321. 

188. Jhaveri J, Cheng E, Tian S, et al. Proton vs. photon radiation therapy for 

primary gliomas: An analysis of the National Cancer Data Base. Front Oncol. 

2018;8:440. 

189. Jiří K, Vladimír V, Michal A, et al. Proton pencil-beam scanning radiotherapy in 

the treatment of nasopharyngeal cancer: dosimetric parameters and 2-year results. 

Eur Arch Otorhinolaryngol. 2020 Jul 4. Epub ahead of print. 

190. Jimenez RB, Hickey S, DePauw N, et al Phase II study of proton beam 

radiation therapy for patients with breast cancer requiring regional nodal irradiation. 

J Clin Oncol. 2019;37(30):2778-2785. 

191. Jones DA, Smith J, Mei XW, et al. A systematic review of health economic 

evaluations of proton beam therapy for adult cancer: Appraising methodology and 

quality. Clin Transl Radiat Oncol. 2019;20:19-26. 

192. Jung EH, Kim JH, Kim JY, et al. Outcomes of proton beam radiation therapy 

for retinoblastoma with vitreous seeds. J Pediatr Hematol Oncol. 2018;40(8):569-

573. 

193. Kagei K, Tokuuye K, Okumura T, et al. Long-term results of proton beam 

therapy for carcinoma of the uterine cervix. Int J Radiat Oncol Biol Phys. 

2003;55(5):1265-1271. 

194. Kahalley LS, Douglas Ris M, Mahajan A, et al. Prospective, longitudinal 

comparison of neurocognitive change in pediatric brain tumor patients treated with 

proton radiotherapy versus surgery only. Neuro Oncol. 2019;21(6):809-818. 

195. Kahalley LS, Peterson R, Ris MD, et al. Superior intellectual outcomes after 

proton radiotherapy compared with photon radiotherapy for pediatric 

medulloblastoma. J Clin Oncol. 2020;38(5):454-461. 

196. Kamran SC, Dworkin M, Niemierko A, et al. Patterns of failure among patients 

with low-grade glioma treated with proton radiation therapy. Pract Radiat Oncol. 

2019;9(4):e356-e361. 



197. Kamran SC, Goldberg SI, Kuhlthau KA, et al. Quality of life in patients with 

proton-treated pediatric medulloblastoma: Results of a prospective assessment with 

5-year follow-up. Cancer. 2018;124(16):3390-3400. 

198. Kang KH, Lebow ES, Niemierko A, et al. Proton therapy for head and neck 

paragangliomas: A single institutional experience. Head Neck. 2020;42(4):670-677. 

199. Kawashima M, Furuse J, Nishio T, et al. Phase II study of radiotherapy 

employing proton beam for hepatocellular carcinoma. J Clin Oncol. 2005;23(9):1839-

1846. 

200. Kelly KJ, Yoon SS, Kuk D, et al. Comparison of perioperative radiation therapy 

and surgery versus surgery alone in 204 patients with primary retroperitoneal 

sarcoma: A retrospective 2-institution study. Ann Surg. 2015;262(1):156-162. 

201. Kharod SM, Indelicato DJ, Rotondo RL, et al. Outcomes following proton 

therapy for Ewing sarcoma of the cranium and skull base. Pediatr Blood Cancer. 

2020;67(2):e28080. 

202. Kharod SM, Nichols RC, Henderson RH, et al. Image-guided hypofractionated 

double-scattering proton therapy in the management of centrally-located early-

stage non-small cell lung cancer. Acta Oncol. 2020 May 12:1-7. 

203. Kil WJ, Nichols RC Jr, Hoppe BS, et al. Hypofractionated passively scattered 

proton radiotherapy for low- and intermediate-risk prostate cancer is not associated 

with post-treatment testosterone suppression. Acta Oncol. 2013;52(3):492-497. 

204. Kim H, Pyo H, Noh JM, et al. Preliminary result of definitive radiotherapy in 

patients with non-small cell lung cancer who have underlying idiopathic pulmonary 

fibrosis: Comparison between X-ray and proton therapy. Radiat Oncol. 2019;14(1):19. 

205. Kim TH, Park JW, Kim BH, et al. Phase II study of hypofractionated proton 

beam therapy for hepatocellular carcinoma. Front Oncol. 2020;10:542. 

206. Kim YJ, Cho KH, Pyo HR, et al. A phase II study of hypofractionated proton 

therapy for prostate cancer. Acta Oncol. 2013;52(3):477-485. 

207. Kitpanit S, Lee A, Pitter KL, et al. Temporal lobe necrosis in head and neck 

cancer patients after proton therapy to the skull base. Int J Part Ther. 2020;6(4):17-

28. 

208. Kobayashi AK, Horinouchi H, Nakayama Y, et a. Salvage surgery after 

chemotherapy and/or radiotherapy including SBRT and proton therapy: A 

consecutive analysis of 38 patients. Lung Cancer. 2020;145:105-110. 

209. Koerber SA, Katayama S, Sander A, et al. Prostate bed irradiation with 

alternative radio-oncological approaches (PAROS) - a prospective, multicenter and 

randomized phase III trial. Radiat Oncol. 2019 10;14(1):122. 

210. Kong L, Wu J, Gao J, et al. Particle radiation therapy in the management of 

malignant glioma: Early experience at the Shanghai Proton and Heavy Ion Center. 

Cancer. 2020;126(12):2802-2810. 

211. Konieczkowski DJ, DeLaney TF, Yamada YJ. Radiation strategies for spine 

chordoma: Proton beam, carbon ions, and stereotactic body radiation therapy. 

Neurosurg Clin N Am. 2020;31(2):263-288. 

212. Konski A, Speier W, Hanlon A, et al. Is proton beam therapy cost effective in 

the treatment of adenocarcinoma of the prostate? J Clin Oncol. 2007;25(24):3603-

3608. 



213. Kountouri M, Pica A, Walser M, et al. Radiation-induced optic neuropathy 

after pencil beam scanning proton therapy for skull-base and head and neck 

tumours. Br J Radiol. 2020;93(1107):20190028. 

214. Kozak KR, Smith BL, Adams J, et al. Accelerated partial-breast irradiation 

using proton beams: Initial clinical experience. Int J Radiat Oncol Biol Phys. 

2006;66(3):691-698. 

215. Ladra MM, Szymonifka JD, Mahajan A, et al. Preliminary results of a phase II 

trial of proton radiotherapy for pediatric rhabdomyosarcoma. J Clin Oncol. 

2014;32(33):3762-3770. 

216. Lance JM. La protontherapie. [Proton therapy]. Informative Note. Montreal, 

QC: Agence d'evaluation des technologies et des modes d'intervention en sante 

(AETMIS); 2010. 

217. Langegård U, Ahlberg K, Björk-Eriksson T, et al. The art of living with 

symptoms: A qualitative study among patients with primary brain tumors receiving 

proton beam therapy. Cancer Nurs. 2020;43(2):E79-E86. 

218. Langendijk JA, Boersma LJ, Rasch CRN, et al. Clinical trial strategies to 

compare protons with photons. Semin Radiat Oncol. 2018;28(2):79-87. 

219. Lee HJ Jr, Macomber MW, Spraker MB, et al. Analysis of gastrointestinal 

toxicity in patients receiving proton beam therapy for prostate cancer: A single-

institution experience. Adv Radiat Oncol. 2018;4(1):70-78. 

220. Lee HJ Jr, Macomber MW, Spraker MB, et al. Early toxicity and patient 

reported quality-of-life in patients receiving proton therapy for localized prostate 

cancer: A single institutional review of prospectively recorded outcomes. Radiat 

Oncol. 2018;13(1):179. 

221. Lee HJ Jr, Stacey A, Klesert TR, et al. Corneal substructure dosimetry predicts 

corneal toxicity in patients with uveal melanoma treated with proton beam therapy. 

Int J Radiat Oncol Biol Phys. 2019;104(2):374-382. 

222. Lee SU, Cho KH, Park W, et al. Clinical outcomes of postoperative 

radiotherapy following radical prostatectomy in patients with localized prostate 

cancer: A multicenter retrospective study (KROG 18-01) of a Korean population. 

Cancer Res Treat. 2020;52(1):167-180. 

223. Lee SU, Moon SH, Cho KH, et al. Ablative dose proton beam therapy for stage 

I and recurrent non-small cell lung carcinomas : Ablative dose PBT for NSCLC. 

Strahlenther Onkol. 2016;192(9):649-657. 

224. Leeman JE, Lee NY, Zhou Y, et al. Endoscopic resection followed by proton 

therapy with pencil beam scanning for skull base tumors. Laryngoscope. 

2019;129(6):1313-1317. 

225. Leeman JE, Romesser PB, Zhou Y, et al. Proton therapy for head and neck 

cancer: Expanding the therapeutic window. Lancet Oncol. 2017;18(5):e254-e265. 

226. Leroy R, Benahmed N, Hulstaert F, et al. Hadron therapy in children: An 

update on the scientific evidence for 15 paediatric cancers. Health Technology 

Assessment. Brussels, Belgium: KCE Report 235Cs. Belgian Health Care Knowledge 

Centre (KCE); 2015. 



227. Leroy R, Benahmed N, Hulstaert F, et al. Proton therapy in children: A 

systematic review of clinical effectiveness in 15 pediatric cancers. Int J Radiat Oncol 

Biol Phys. 2016;95(1):267-278. 

228. Lesueur P, Calugaru V, Nauraye C, et al. Proton therapy for treatment of 

intracranial benign tumors in adults: A systematic review. Cancer Treat Rev. 

2019;72:56-64. 

229. Levy-Gabriel C, Rouic LL, Plancher C, et al. Long-term results of low-dose 

proton beam therapy for circumscribed choroidal hemangiomas. Retina. 

2009;29(2):170-175. 

230. Li J, Recinos PF, Orr BA, et al. Papillary tumor of the pineal region in a 15-

month-old boy. J Neurosurg Pediatr. 2011;7(5):534-538. 

231. Li W, Gragoudas ES, Egan KM.  Tumor basal area and metastatic death after 

proton beam irradiation for choroidal melanoma.  Arch Ophthalmol. 2003;121(1):68-

72.  

232. Li X, Lee A, Cohen MA, Sherman EJ, Lee NY. Past, present and future of 

proton therapy for head and neck cancer. Oral Oncol. 2020;110:104879. 

233. Liao Z, Gandhi SJ, Lin SH, Bradley J. Does proton therapy offer demonstrable 

clinical advantages for treating thoracic tumors? Semin Radiat Oncol. 2018;28(2):114-

124. 

234. Liao Z, Lee JJ, Komaki R, et al. Bayesian adaptive randomization trial of 

passive scattering proton therapy and intensity-modulated photon radiotherapy for 

locally advanced non-small-cell lung cancer. J Clin Oncol. 2018;36(18):1813-1822. 

235. Ligtenberg G, Staal PC, et al. Indications for proton therapy (part 2): Proton 

therapy for model-based indications (head/neck tumours, breast cancer, lung 

cancer and prostate cancer) and for other indications. Report [summary]. CVZ 

Publication No. 304. Diemen, The Netherlands: CVZ; August 22, 2011. 

236. Ligtenberg G, Staal PC, Kleijnen S. Indications for proton therapy (part 1): 

Intraocular tumours; Chordomas/chondrosarcomas; Paediatric tumours. Report. 

CVZ Publication No. 287. Diemen, The Netherlands: CVZ; March 23, 2010. 

237. Lim PS, Tran S, Kroeze SGC, et al. Outcomes of adolescents and young adults 

treated for brain and skull base tumors with pencil beam scanning proton therapy. 

Pediatr Blood Cancer. 2020 Sep 2:e28664. Epub ahead of print. 

238. Lin SH, Hobbs BP, Verma V, et al. Randomized phase IIB trial of proton beam 

therapy versus intensity-modulated radiation therapy for locally advanced 

esophageal cancer. J Clin Oncol. 2020;38(14):1569-1579. 

239. Lin SH, Merrell KW, Shen J, et al. Multi-institutional analysis of radiation 

modality use and postoperative outcomes of neoadjuvant chemoradiation for 

esophageal cancer. Radiother Oncol. 2017;123(3):376-381. 

240. Liu Y, Patel SA, Jani AB, et al. Overall survival after treatment of localized 

prostate cancer with proton beam therapy, external-beam photon therapy, or 

brachytherapy. Clin Genitourin Cancer. 2020 Aug 28:S1558-7673(20)30199-3. Epub 

ahead of print.  

241. Lodge M, Pijls-Johannesma M, Stirk L, et al. A systematic literature review of 

the clinical and cost-effectiveness of hadron therapy in cancer. Radiother Oncol. 

2007;83(2):110-122. 



242. Lorentini S, Amichetti M, Spiazzi L, et al. Adjuvant intensity-modulated proton 

therapy in malignant pleural mesothelioma.A comparison with intensity-modulated 

radiotherapy and a spot size variation 

assessment. Strahlenther Onkol. 2012;188(3):216-225. 

243. Ludmir EB, Grosshans DR, McAleer MF, et al. Patterns of failure following 

proton beam therapy for head and neck rhabdomyosarcoma. Radiother Oncol. 

2019;134:143-150. 

244. Ludmir EB, Mahajan A, Paulino AC, et al. Increased risk of pseudoprogression 

among pediatric low-grade glioma patients treated with proton versus photon 

radiotherapy. Neuro Oncol. 2019;21(5):686-695. 

245. Luo L, Cuaron J, Braunstein L, et al. Early outcomes of breast cancer patients 

treated with post-mastectomy uniform scanning proton therapy. Radiother Oncol. 

2019;132:250-256. 

246. Macdonald OK, Kruse JJ, Miller JM, et al. Proton beam radiotherapy versus 

three-dimensional conformal stereotactic body radiotherapy in primary peripheral, 

early-stage non-small-cell lung carcinoma: A comparative dosimetric analysis. Int J 

Radiat Oncol Biol Phys. 2009;75(3):950-958. 

247. MacDonald SM, Patel SA, Hickey S, et al. Proton therapy for breast cancer 

after mastectomy: Early outcomes of a prospective clinical trial. Int J Radiat Oncol 

Biol Phys. 2013;86(3):484-490. 

248. Maquilan G, Grover S, Alonso-Basanta M, Lustig RA. Acute toxicity profile of 

patients with low-grade gliomas and meningiomas receiving proton therapy. Am J 

Clin Oncol. 2014;37(5):438-443. 

249. Mahdjoubi A, Dendale R, Desjardins L, et al. Treatment of exudative 

circumscribed choroidal hemangioma: Efficacy of fractionated proton therapy (20 

gray relative biological effectiveness in 8 fractions). Retina. 2019;39(4):692-699. 

250. Mangan S, Leech M. Proton therapy- the modality of choice for future 

radiation therapy management of prostate cancer? Tech Innov Patient Support 

Radiat Oncol. 2019;11:1-13. 

251. Manzar GS, Lester SC, Routman DM, et al. Comparative analysis of acute 

toxicities and patient reported outcomes between intensity-modulated proton 

therapy (IMPT) and volumetric modulated arc therapy (VMAT) for the treatment of 

oropharyngeal cancer. Radiother Oncol. 2020;147:64-74. 

252. Maraldo MV, Brodin NP, Aznar MC, et al. Estimated risk of cardiovascular 

disease and secondary cancers with modern highly conformal radiotherapy for 

early-stage mediastinal Hodgkin lymphoma. Ann Oncol  2013;24(8):2113-2118. 

253. Matloob SA, Nasir HA, Choi D. Proton beam therapy in the management of 

skull base chordomas: Systematic review of indications, outcomes, and implications 

for neurosurgeons. Br J Neurosurg. 2016;30(4):382-387. 

254. McClelland S 3rd, Jaboin JJ, Watson GA, Zellars RC. Is the side effect profile 

of protons really safer than photons for intracranial disease? Clin Neurol Neurosurg. 

2019;176:8-9. 

255. McDonald MW, Beitler JJ, Busse PM, et al; Expert Panel on Radiation 

Oncology-Head & Neck Cancer. ACR Appropriateness Criteria® retreatment of 



recurrent head and neck cancer after prior definitive radiation [online publication]. 

Reston, VA: American College of Radiology (ACR); 2014. 

256. McDonald MW, Zolali-Meybodi O, Lehnert SJ, et al. Reirradiation of recurrent 

and second primary head and neck cancer with proton therapy. Int J Radiat Oncol 

Biol Phys. 2016;96(4):808-819. 

257. Mathis T, Rosier L, Meniai F, et al. The lens opacities classification system III 

grading in irradiated uveal melanomas to characterize proton therapy-induced 

cataracts. Am J Ophthalmol. 2019;201:63-71. 

258. Meijer TWH, Scandurra D, Langendijk JA. Reduced radiation-induced toxicity 

by using proton therapy for the treatment of oropharyngeal cancer. Br J Radiol. 

2020;93(1107):20190955. 

259. Mendenhall NP, Hoppe BS, Nichols RC, et al. Five-year outcomes from 3 

prospective trials of image-guided proton therapy for prostate cancer. Int J Radiat 

Oncol Biol Phys. 2014;88(3):596-602. 

260. Mercado CE, Hartsell WF, Simone CB 2nd, et al. Proton therapy for thymic 

malignancies: Multi-institutional patterns-of-care and early clinical outcomes from 

the Proton Collaborative Group and the University of Florida prospective registries. 

Acta Oncol. 2019;58(7):1036-1040. 

261. Mercado CE, Holtzman AL, Rotondo R, et al. Proton therapy for skull base 

tumors: A review of clinical outcomes for chordomas and chondrosarcomas. Head 

Neck. 2019;41(2):536-541. 

262. Merchant TE. Proton beam therapy in pediatric oncology. Cancer J. 

2009;15(4):298-305. 

263. Messineo D, Barile G, Morrone S, et al. Meta-analysis on the utility of 

radiotherapy for the treatment of ocular melanoma. Clin Ter. 2020;170(1):e89-e98. 

264. Meyer E, Goudjil F, Tamburini J, et al. Proton beam therapy for the 

management of mediastinal Hodgkin lymphoma in a young female patient. Cancer 

Radiother. 2018;22(3):296-298. 

265. Meyer RM, Gospodarowicz MK, Connors JM, et al; NCIC Clinical Trials Group; 

Eastern Cooperative Oncology Group. ABVD alone versus radiation-based therapy in 

limited-stage Hodgkin's lymphoma. N Engl J Med. 2012;366(5):399-408. 

266. Mishra MV, Aggarwal S, Bentzen SM, et al. Establishing evidence-based 

indications for proton therapy: An overview of current clinical trials. Int J Radiat Oncol 

Biol Phys. 2017;97(2):228-235. 

267. Mitin T, Zietman AL. Promise and pitfalls of heavy-particle therapy. J Clin 

Oncol. 2014;32(26):2855-2863. 

268. Mizumoto M, Sugahara S, Nakayama H, et al. Clinical results of proton-beam 

therapy for locoregionally advanced esophageal cancer. Strahlenther Onkol. 

2010;186(9):482-488. 

269. Mizumoto M, Sugahara S, Okumura T, et al. Hyperfractionated concomitant 

boost proton beam therapy for esophageal carcinoma. Int J Radiat Oncol Biol Phys. 

2011;81(4):e601-e606. 

270. Mizumoto T, Terashima K, Matsuo Y, et al. Proton radiotherapy for isolated 

local recurrence of primary resected pancreatic ductal adenocarcinoma. Ann Surg 

Oncol. 2019;26(8):2587-2594. 



271. Mizumoto M, Tsuboi K, Igaki H, et al. Phase I/II trial of hyperfractionated 

concomitant boost proton radiotherapy for supratentorial glioblastoma multiforme. 

Int J Radiat Oncol Biol Phys. 2010;77(1):98-105. 

272. Mizumoto M, Yamamoto T, Takano S, et al Long-term survival after treatment 

of glioblastoma multiforme with hyperfractionated concomitant boost proton beam 

therapy. Pract Radiat Oncol. 2015;5(1):e9-e16. 

273. Mohan R, Liu AY, Brown PD, et al. Proton therapy reduces the likelihood of 

high-grade radiation-induced lymphopenia in glioblastoma patients: Phase II 

randomized study of protons vs. photons. Neuro Oncol. 2020 Aug 5:noaa182. Epub 

ahead of print. 

274. Moraes FY, Chung C. Radiation for skull base meningiomas: Review of the 

literature on the approach to radiotherapy. Chin Clin Oncol. 2017;6(Suppl 1):S3. 

275. Moreno AC, Frank SJ, Garden AS, et al. Intensity modulated proton therapy 

(IMPT) - The future of IMRT for head and neck cancer. Oral Oncol. 2019;88:66-74. 

276. Morrison A. The use of proton beam therapy in Canada, the United Kingdom, 

and Australia: An environmental scan of funding, referrals, and future planning. 

Environmental Scan No. 59. Ottawa, ON: Canadian Agency for Drugs and 

Technologies in Health (CADTH); March 2017. 

277. Moteabbed M, Trofimov A, Sharp GC, et al. A prospective comparison of the 

effects of interfractional variations on proton therapy and intensity modulated 

radiation therapy for prostate cancer. Int J 

Radiat Oncol Biol Phys. 2016;95(1):444-453. 

278. Mottet N, Cornford P, van den Bergh RCN, et al. European Association of 

Urology Guidelines: Prostate Cancer. 2020. 

279. Munzenrider JE. Uveal melanomas. Conservation treatment. Hematol Oncol 

Clin North Am. 2001;15(2):389-402. 

280. Murray FR, Snider JW, Schneider RA, et al. Prognostic factors for spinal 

chordomas and chondrosarcomas treated with postoperative pencil-beam scanning 

proton therapy: A large, single-institution experience. J Neurosurg Spine. 2020 Jan 

31:1-10. 

281. Mutter RW, Jethwa KR, Gonuguntla K, et al. 3 fraction pencil-beam scanning 

proton accelerated partial breast irradiation: Early provider and patient reported 

outcomes of a novel regimen. Radiat Oncol. 2019;14(1):211. 

282. Nakajima K, Iwata H, Ogino H, et al. Acute toxicity of image-guided 

hypofractionated proton therapy for localized prostate cancer. Int J Clin Oncol. 

2018;23(2):353-360. 

283. Nakajima K, Iwata H, Ogino H, et al. Clinical outcomes of image-guided proton 

therapy for histologically confirmed stage I non-small cell lung cancer. Radiat Oncol. 

2018;13(1):199. 

284. Nakamura N, Hotta K, Zenda S, et al. Hypofractionated proton beam therapy 

for centrally located lung cancer. J Med Imaging Radiat Oncol. 2019;63(4):552-556. 

285. Nakayama H, Sugahara S, Tokita M, et al. Proton beam therapy for patients 

with medically inoperable stage I non-small-cell lung cancer at the university of 

tsukuba. Int J Radiat Oncol Biol Phys. 2010;78(2):467-471. 



286. Nantavithya C, Gomez DR, Wei X, et al. Phase 2 study of stereotactic body 

radiation therapy and stereotactic body proton therapy for high-risk, medically 

inoperable, early-stage non-small cell lung cancer. Int J Radiat Oncol Biol Phys. 2018 

1;101(3):558-563. 

287. National Cancer Research Institute Clinical and Translational Radiotherapy 

Research Working Group (CTRad) Proton Beam Clinical Trial Strategy Group. Proton 

beam therapy - the challenges of delivering high-quality evidence of clinical benefit. 

Clin Oncol (R Coll Radiol). 2018;30(5):280-284. 

288. National Comprehensive Cancer Network (NCCN). Hepatobiliary cancers. 

NCCN Clinical Practice Guidelines in Oncology, Version 5.2020. Fort Washington, PA: 

NCCN: 2020. 

289. National Comprehensive Cancer Network (NCCN). Hodgkin lymphoma. 

NCCN Clinical Practice Guidelines in Oncology, Version 2.2020. Fort Washington, PA: 

NCCN: 2020. 

290. National Comprehensive Cancer Network (NCCN). Dermatofibrosarcoma 

protuberans. NCCN Clinical Practice Guidelines in Oncology, Version 1.2020. Fort 

Washington, PA: NCCN; 2019.  

291. National Comprehensive Cancer Network (NCCN). Pancreatic 

adenocarcinoma. NCCN Clinical Practice Guidelines in Oncology, Version 1.2020. 

Fort Washington, PA: NCCN: 2020. 

292. National Comprehensive Cancer Network (NCCN). Esophageal and 

esophagogastric junction cancers. NCCN Clinical Practice Guidelines in Oncology, 

Version 4.2020. Fort Washington, PA: NCCN; 2020. 

293. National Comprehensive Cancer Network (NCCN). Uterine neoplasms. NCCN 

Clinical Practice Guidelines in Oncology, Version 2.2020. Fort Washington, PA: 

NCCN; 2020. 

294. National Comprehensive Cancer Network (NCCN). Prostate cancer. NCCN 

Clinical Practice Guidelines in Oncology, Version 2.2020. Fort Washington, PA: 

NCCN; 2020. 

295. National Comprehensive Cancer Network (NCCN). Head and neck cancers. 

NCCN Clinical Practice Guidelines in Oncology, Version 2.2020. Fort Washington, PA: 

NCCN; 2020. 

296. National Comprehensive Cancer Network (NCCN). Multiple myeloma. NCCN 

Clinical Practice Guidelines in Oncology, Version 2.2021. Fort Washington, PA: NCCN; 

2020. 

297. National Comprehensive Cancer Network (NCCN). Soft tissue sarcoma. 

NCCN Clinical Practice Guidelines in Oncology, Version 2.2020. Fort Washington, PA: 

NCCN; 2020. 

298. National Comprehensive Cancer Network (NCCN). Thymomas and thymic 

carcinomas. NCCN Clinical Practice Guidelines in Oncology, Version 1.2020. Fort 

Washington, PA: NCCN; 2020. 

299. National Comprehensive Cancer Network (NCCN). Central nervous system 

cancers. NCCN Cllnical Practice Guidelines in Oncology, Version 3.2020. Fort 

Washington, PA: NCCN; 2020. 



300. National Comprehensive Cancer Network (NCCN). B-cell lymphomas. NCCN 

Clinical Practice Guidelines in Oncology, Version 4.2020. Fort Washington, PA: 

NCCN; 2020. 

301. Nguyen PL, Trofimov A, Zietman AL. et al. Proton-beam vs intensity-

modulated radiation therapy. Which is best for treating prostate cancer? Oncology 

(Williston Park). 2008;22(7):748-754; discussion 754, 757. 

302. Nihei K, Ogino T, Ishikura S, et al. Phase II feasibility study of high-dose 

radiotherapy for prostate cancer using proton boost therapy: First clinical trial of 

proton beam therapy for prostate cancer in Japan. Jpn J Clin Oncol. 

2005;35(12):745-752. 

303. Nihei K, Ogino T, Ishikura S, Nishimura H. High-dose proton beam therapy for 

Stage I non-small-cell lung cancer. Int J Radiat Oncol Biol Phys. 2006;65(1):107-111. 

304. Nihei K, Ogino T, Onozawa M, et al. Multi-institutional Phase II study of proton 

beam therapy for organ-confined prostate cancer focusing on the incidence of late 

rectal toxicities. Int J Radiat Oncol Biol Phys. 2011;81(2):390-396. 

305. Nishimura H, Ogino T, Kawashima M, et al. Proton-beam therapy for olfactory 

neuroblastoma. Int J Radiat Oncol Biol Phys. 2007;68(3):758-762. 

306. Noel G, Habrand JL, Helfre S, et al.  Proton beam therapy in the management 

of central nervous system tumors in childhood: The preliminary experience of the 

Centre de Protontherapie d'Orsay.  Med Pediatr Oncol.  2003;40(5):309-315. 

307. Noel G, Habrand JL, Jauffret E, et al.  Radiation therapy for chordoma and 

chondrosarcoma of the skull base and the cervical spine. Prognostic factors and 

patterns of failure. Strahlenther Onkol. 2003;179(4):241-248. 

308. Ofuya M, McParland L, Murray L, et al. Systematic review of methodology 

used in clinical studies evaluating the benefits of proton beam therapy. Clin Transl 

Radiat Oncol. 2019;19:17-26. 

309. Ojerholm E, Bekelman JE. Finding value for protons: The case of prostate 

cancer? Semin Radiat Oncol. 2018;28(2):131-137. 

310. Ollendorf DA, Hayes J, McMahon P, et al. Brachytherapy/proton beam 

therapy for clinically localized, low-risk prostate cancer. Boston, MA: Institute for 

Clinical and Economic Review (ICER); 2008. 

311. Olsen DR, Bruland OS, Frykholm G, et al. Proton therapy—A systematic review of 

clinical effectiveness. Radiother Oncol. 2007;83:123–132. 

312. Ono T, Wada H, Ishikawa H, et al. Clinical results of proton beam therapy for 

esophageal cancer: Multicenter retrospective study in Japan. Cancers (Basel). 

2019;11(7):993. 

313. Ono T, Wada H, Ishikawa H, et al. Proton beam therapy is a safe and effective 

treatment in elderly patients with esophageal squamous cell carcinoma. Thorac 

Cancer. 2020;11(8):2170–2177. 

314. Oshiro Y, Okumura T, Kurishima K, et al. High-dose concurrent chemo-proton 

therapy for Stage III NSCLC: Preliminary results of a Phase II study. J Radiat Res. 

2014;55(5):959-965. 

315. O'steen L, Bellardini J, Cury J, et al. Pulmonary function after proton therapy 

for Hodgkin lymphoma. Int J Part Ther. 2019;5(3):1-4. 



316. Oxenreiter MM, Lane AM, Jain P, et al. Conservative management of 

suspicious melanocytic lesions of the iris. Graefes Arch Clin Exp Ophthalmol. 

2019;257(6):1319-1324. 

317. Paganetti H, Depauw N, Johnson A, et al. The risk for developing a secondary 

cancer after breast radiation therapy: Comparison of photon and proton techniques. 

Radiother Oncol. 2020;149:212-218. 

318. Palma G, Monti S, Xu T, et al. Spatial dose patterns associated with radiation 

pneumonitis in a randomized trial comparing intensity-modulated photon therapy 

with passive scattering proton therapy for locally advanced non-small cell lung 

cancer. Int J Radiat Oncol Biol Phys. 2019;104(5):1124-1132. 

319. Pan HY, Jiang S, Sutton J, et al. Early experience with intensity modulated 

proton therapy for lung-intact mesothelioma: A case series. Pract Radiat Oncol. 

2015;5(4):e345-353. 

320. Papakostas TD, Lane AM, Morrison M, et al. Long-term outcomes after proton 

beam irradiation in patients with large choroidal melanomas. JAMA Ophthalmol. 

2017;135(11):1191-1196. 

321. Parikh RR, Rhome R, Hug E, et al. Adjuvant proton beam therapy in the 

management of thymoma: A dosimetric comparison and acute toxicities. Clin Lung 

Cancer. 2016;17(5):362-366. 

322. Park J, Park Y, Lee SU, et al. Differential dosimetric benefit of proton beam 

therapy over intensity modulated radiotherapy for a variety of targets in patients with 

intracranial germ cell tumors. Radiat Oncol. 2015;10:135. 

323. Park JK, Shih HA. Management of known or presumed benign (WHO grade I) 

meningioma. UpToDate [online serial]. Waltham, MA: UpToDate; reviewed 

December 2018. 

324. Park SG, Ahn YC, Oh D, et al. Early clinical outcomes of helical 

tomotherapy/intensity-modulated proton therapy combination in nasopharynx 

cancer. Cancer Sci. 2019;110(9):2867-2874. 

325. Pasalic D, Ludmir EB, Allen PK, et al. Patient-reported outcomes, physician-

reported toxicities, and treatment outcomes in a modern cohort of patients with 

sinonasal cancer treated using proton beam therapy. Radiother Oncol. 

2020;148:258-266. 

326. Patel AV, Lane AM, Morrison MA, et al. Visual outcomes after proton beam 

irradiation for choroidal melanomas involving the fovea. Ophthalmology. 

2016;123(2):369-377 

327. Patel SH, Wang Z, Wong WW, et al. Charged particle therapy versus photon 

therapy for paranasal sinus and nasal cavity malignant diseases: A systematic review 

and meta-analysis. Lancet Oncol. 2014;15(9):1027-1038. 

328. Pelak MJ, Walser M, Bachtiary B, et al. Clinical outcomes of head and neck 

adenoid cystic carcinoma patients treated with pencil beam-scanning proton 

therapy. Oral Oncol. 2020;107:104752. 

329. Pica A, Weber DC, Vallat L, et al. Good long-term visual outcomes of 

parapapillary choroidal melanoma patients treated with proton therapy: A 

comparative study. Int Ophthalmol. 2021;41(2):441-452. 



330. Plastaras JP, Berman AT, Freedman GM. Special cases for proton beam 

radiotherapy: Re-irradiation, lymphoma, and breast cancer. Semin Oncol. 

2014;41(6):807-819. 

331. Price J, Hall E, West C, Thomson D. TORPEdO - A phase III trial of intensity-

modulated proton beam therapy versus intensity-modulated radiotherapy for multi-

toxicity reduction in oropharyngeal cancer. Clin Oncol (R Coll Radiol). 2020;32(2):84-

88. 

332. Proton Therapy Guideline Working Group, Guideline Advisory Group. Proton 

beam radiation therapy. Clinical practice guideline; no. RT-002. Edmonton, AB: 

Alberta Health Services, Cancer Care; March 2013.  

333. Pulsifer MB, Duncanson H, Grieco J, et al. Cognitive and adaptive outcomes 

after proton radiation for pediatric patients with brain tumors. Int J Radiat Oncol Biol 

Phys. 2018;102(2):391-398. 

334. Qi W-X, Fu S, Zhang Q, Guo X-M. Charged particle therapy versus photon 

therapy for patients with hepatocellular carcinoma: A systematic review and meta-

analysis. Radiother Oncol. 2015;114(3):289-295. 

335. Ramella S, D'Angelillo RM. Proton beam or photon beam radiotherapy in the 

treatment of non-small-cell lung cancer. Lancet Oncol. 2020;21(7):873-875. 

336. Ramonas KM, Conway RM, Daftari IK, et al. Successful treatment of 

intraocularly invasive conjunctival squamous cell carcinoma with proton beam 

therapy. Arch Ophthalmol. 2006;124(1):126-128. 

337. Ratko TA, Douglas GW, de Souza JA, et al. Radiotherapy treatments for head 

and neck cancer update. Comparative Effectiveness Review No. 144. Rockville, MD: 

Agency for Healthcare Research and Quality (AHRQ); 2014 

338. Rechner LA, Maraldo MV, Vogelius IR, et al. Life years lost attributable to late 

effects after radiotherapy for early stage Hodgkin’s lymphoma: The impact of proton 

therapy and/or deep inspiration breath hold. Radiother Oncol. 2017;125(1):41-47. 

339. Rete Italiana Health Technology Assessment (RIHTA). Hadronthepy for 

cancer treatment: Overview of the evidence on safety and effectiveness. Rome, Italy; 

Agenzia nazionale per i servizi sanitari regionali (AGENAS); 2011. 

340. Ricardi U, Dabaja B, Hodgson DC. Proton therapy in mediastinal Hodgkin 

lymphoma: Moving from dosimetric prediction to clinical evidence. Ann Oncol. 

2017;28(9):2049-2050. 

341. Riechardt AI, Klein JP, Cordini D, et al. Salvage proton beam therapy for 

recurrent iris melanoma: Outcome and side effects. Graefes Arch Clin Exp 

Ophthalmol. 2018;256(7):1325-1332. 

342. Robertson DM.  Changing concepts in the management of choroidal 

melanoma.  Am J Ophthalmol. 2003;136(1):161-170.  

343. Romesser PB, Cahlon O, Scher ED, et al. Proton beam reirradiation for 

recurrent head and neck cancer: Multi-institutional report on feasibility and early 

outcomes. Int J Radiat Oncol Biol Phys. 2016;95(1):386-395. 

344. Ross J, Al-Shahi Salman R. Interventions for treating brain arteriovenous 

malformations in adults. Cochrane Database Syst Rev. 2010;(7):CD003436. Update 

in: Cochrane Database Syst Rev. 2019;9:CD003436. 



345. Rossi CJ Jr, Slater JD, Reyes-Molyneux N, et al. Particle beam radiation 

therapy in prostate cancer: Is there an advantage? Semin Radiat Oncol. 

1998;8(2):115-123.  

346. Rossi CJ. Conformal proton beam therapy of prostate cancer – update on the 

Loma Linda University medical center experience. Strahlenther Onkol. 

1999;175(Suppl 2):82-84.  

347. Routman DM, Garant A, Lester SC, et al. A comparison of grade 4 

lymphopenia with proton versus photon radiation therapy for esophageal cancer. 

Adv Radiat Oncol. 2019;4(1):63-69. 

348. Royce TJ, Efstathiou JA. Proton therapy for prostate cancer: A review of the 

rationale, evidence, and current state. Urol Oncol. 2019;37(9):628-636. 

349. Rutenberg MS, Nichols RC. Proton beam radiotherapy for pancreas cancer. J 

Gastrointest Oncol. 2020;11(1):166-175. 

350. Rutenberg MS, Rotondo RL, Rao D, et al. Clinical outcomes following proton 

therapy for adult craniopharyngioma: A single-institution cohort study. J Neurooncol. 

2020;147(2):387-395. 

351. Rwigema JM, Verma V, Lin L, et al. Prospective study of proton-beam 

radiation therapy for limited-stage small cell lung cancer. Cancer. 2017;123:4244-

4251. 

352. Samson DJ, Ratko TA, Rothenberg BM, et al. Comparative effectiveness and 

safety of radiation therapy treatments for head and neck cancer. Comparative 

Effectiveness Review No. 20. Prepared by the Blue Cross Blue Shield Association 

Technology Evaluation Center and Evidence-based Practice Center under Contract 

No. 290-02-0026 for the Agency for Healthcare Research and Quality. AHRQ 

Publication No. 10-EHC014-EF. Rockville, MD: AHRQ; May 2010. 

353. Sanford NN, Pursley J, Noe B, et al. Protons versus photons for unresectable 

hepatocellular carcinoma: Liver decompensation and overall survival. Int J Radiat 

Oncol Biol Phys. 2019;105(1):64-72. 

354. Sanford NN, Yeap BY, Larvie M, et al. Prospective, randomized study of 

radiation dose escalation with combined proton-photon therapy for benign 

meningiomas. Int J Radiat Oncol Biol Phys. 2017;99(4):787-796. 

355. Santoni A, Thariat J, Maschi C, et al. Management of invasive squamous cell 

carcinomas of the conjunctiva. Am J Ophthalmol. 2019;200:1-9. 

356. Santos PMG, Barsky AR, Hwang WT, et al. Comparative toxicity outcomes of 

proton-beam therapy versus intensity-modulated radiotherapy for prostate cancer in 

the postoperative setting. Cancer. 2019;125(23):4278-4293. 

357. Sato D, Motegi A, Kadota T, et al. Therapeutic results of proton beam therapy 

with concurrent chemotherapy for cT1 esophageal cancer and salvage endoscopic 

therapy for local recurrence. Esophagus. 2020;17(3):305-311. 

358. Sardaro A, Carbonara R, Petruzzelli MF, et al. Proton therapy in the most 

common pediatric non-central nervous system malignancies: An overview of clinical 

and dosimetric outcomes. Ital J Pediatr. 2019;45(1):170. 

359. Scartoni D, Amelio D, Palumbo P, et al. Proton therapy re-irradiation preserves 

health-related quality of life in large recurrent glioblastoma. J Cancer Res Clin Oncol. 

2020;146(6):1615-1622. 



360. Schmidt L, Lohr P. Wild C. Stereotactic radiotherapy, proton therapy and 

irreversible electroporation for the treatment of localised prostate cancer. HTA-

Projektbericht 107. Vienna, Austria: Ludwig Boltzmann Institute for Health 

Technology Assessment; 2018. 

361. Scholz SL, Hérault J, Stang A, et al. Proton radiotherapy in advanced 

malignant melanoma of the conjunctiva. Graefes Arch Clin Exp Ophthalmol. 

2019;257(6):1309-1318. 

362. Schulz RJ, Kagan AR. Should proton-beam therapy be widely adopted? Int J 

Radiat Oncol Biol Phys. 2008;72(5):1307-1310. 

363. Seibel I, Riechardt AI, Erb-Eigner K, et al. Proton beam irradiation: A safe 

procedure in postequatorial extraocular extension from uveal melanoma. Am J 

Ophthalmol. 2018;191:49-53. 

364. Shaikh F, Sodhi SK, Kale LM, et al. Implementation of meta-analysis approach, 

comparing conventional radiotherapy, and proton beam therapy treating head and 

neck cancer. J Cancer Res Ther. 2020;16(3):594-599. 

365. Sharma S, Zhou O, Thompson R, et al. Quality of life of postoperative photon 

versus proton radiation therapy for oropharynx cancer. Int J Part Ther. 2018;5(2):11-

17. 

366. Sheehan J, Lee CC, Bodach ME, et al. Congress of Neurological Surgeons 

Systematic Review and Evidence-Based Guideline for the Management of Patients 

With Residual or Recurrent Nonfunctioning Pituitary Adenomas. Neurosurgery. 

2016;79(4):E539-E540. 

367. Sheets NC, Goldin GH, Meyer AM, et al. Intensity-modulated radiation 

therapy, proton therapy, or conformal radiation therapy and morbidity and disease 

control in localized prostate cancer. JAMA. 2012;307(15):1611-1620. 

368. Shih HA, Park JK. Management of atypical and malignant (WHO grade II and 

III) meningioma. UpToDate [online serial]. Waltham, MA: UpToDate; reviewed 

January 2018. 

369. Shih HA, Rengan R, Apisarnthanarax S, et al. ACR-ASTRO practice parameter 

for the performance of proton beam radiation therapy. Am J Clin Oncol. 

2020;43(3):149-159. 

370. Shih HA, Sherman JC, Nachtigall LB, et al. Proton therapy for low-grade 

gliomas: Results from a prospective trial. Cancer. 2015;121(10):1712-1719. 

371. Shimizu S, Okumura T, Oshiro Y, et al. Clinical outcomes of previously 

untreated patients with unresectable intrahepatic cholangiocarcinoma following 

proton beam therapy. Radiat Oncol. 2019;14(1):241. 

372. Shipley WU, Verhey LJ, Munzenrider JE. Advanced prostate cancer: The 

results of a randomized comparative trial of high dose irradiation boosting with 

conformal protons compared with conventional dose irradiation using protons alone. 

Int J Radio Oncol Biol Phys. 1995;32:3-12. 

373. Shridhar R, Almhanna K, Meredith KL, et al. Radiation therapy and esophageal 

cancer. Cancer Control. 2013;20(2):97-110. 

374. Silander H, Pellettieri L, Enblad P, et al. Fractionated, stereotactic proton 

beam treatment of cerebral arteriovenous malformations. Acta Neurol Scand. 

2004;109(2):85-90. 



375. Simone CB 2nd, Bogart JA, Cabrera AR, et al. Radiation therapy for small cell 

lung cancer: An ASTRO Clinical Practice Guideline. Pract Radiat Oncol. 

2020;10(3):158-173.. 

376. Simon F, Feuvret L, Bresson D, et al. Surgery and protontherapy in Grade I and 

II skull base chondrosarcoma: A comparative retrospective study. PLoS One. 

2018;13(12):e0208786. 

377. Sio TT, Lin HK, Shi Q, et al. Intensity modulated proton therapy versus 

intensity modulated photon radiation therapy for oropharyngeal cancer: First 

comparative results of patient-reported outcomes. Int J Radiat Oncol Biol Phys. 

2016;95(4):1107-1114. 

378. Simone CB 2nd, Plastaras JP, Jabbour SK, et al. Proton reirradiation: Expert 

recommendations for reducing toxicities and offering new chances of cure in 

patients with challenging recurrence malignancies. Semin Radiat Oncol. 

2020;30(3):253-261 

379. Sivagnanavel V, Evans JR, Ockrim Z, Chong V. Radiotherapy for neovascular 

age-related macular degeneration. Cochrane Database Syst Rev. 

2004;(3):CD004004. 

380. Skelly AC, Brodt ED, Schwartz N, et al. Proton beam therapy - rereview. Final 

Evidence Report. Prepared by Aggregate Analytics, Inc., for the Health Technology 

Assessment Program, Washington State Health Care Authority. Olympia, WA: 

Washington State Health Care Authority; April 15, 2019. 

381. Slater JM, Slater JD, Kang JI, et al. Hypofractionated proton therapy in early 

prostate cancer: Results of a phase I/II trial at Loma Linda University. Int J Part Ther. 

2019;6(1):1-9. 

382. Smart AC, Goyal L, Horick N, et al. Hypofractionated radiation therapy for 

unresectable/locally recurrent intrahepatic cholangiocarcinoma. Ann Surg Oncol. 

2020;27(4):1122-1129. 

383. Smith NL, Jethwa KR, Viehman JK, et al. Post-mastectomy intensity 

modulated proton therapy after immediate breast reconstruction: Initial report of 

reconstruction outcomes and predictors of complications. Radiother Oncol. 

2019;140:76-83. 

384. Snider JW, Schneider RA, Poelma-Tap D, et al. Long-term outcomes and 

prognostic factors after pencil-beam scanning proton radiation therapy for spinal 

chordomas: A large, single-institution cohort. Int J Radiat Oncol Biol Phys. 

2018;101(1):226-233. 

385. Spatola C, Privitera G, Raffaele L, et al. Clinical application of proton beams in 

the treatment of uveal melanoma: The first therapies carried out in Italy and 

preliminary results (CATANA Project). Tumori. 2003;89(5):502-509. 

386. Tabrizi S, Yeap BY, Sherman JC, et al. Long-term outcomes and late adverse 

effects of a prospective study on proton radiotherapy for patients with low-grade 

glioma. Radiother Oncol. 2019;137:95-101. 

387. Takahashi M, Fukumoto T, Kusunoki N, et al. Particle beam radiotherapy with 

a surgical spacer placement for unresectable sacral chordoma. Gan To Kagaku 

Ryoho. 2010;37(12):2804-2806. 



388. Tamura S, Okamura Y, Sugiura T, et al. A comparison of the outcomes 

between surgical resection and proton beam therapy for single primary 

hepatocellular carcinoma. Surg Today. 2020;50(4):369-378 

389. Teichman SL, Do S, Lum S, et al. Improved long-term patient-reported health 

and well-being outcomes of early-stage breast cancer treated with partial breast 

proton therapy. Cancer Med. 2018;7(12):6064-6076. 

390. Terasawa T, Dvorak T, Ip S, et al. Systematic review: Charged-particle 

radiation therapy for cancer. Ann Intern Med. 2009;151(8):556-565. 

391. Terashima K, Demizu Y, Hashimoto N, et al. A phase I/II study of gemcitabine-

concurrent proton radiotherapy for locally advanced pancreatic cancer without 

distant metastasis. Radiother Oncol. 2012;103(1):25-31. 

392. Thariat J, Jacob S, Caujolle JP, et al. Cataract avoidance with proton therapy 

in ocular melanomas. Invest Ophthalmol Vis Sci. 2017;58(12):5378-5386. 

393. Thariat J, Maschi C, Lanteri S, et al. Dry eye syndrome after proton therapy of 

ocular melanomas. Int J Radiat Oncol Biol Phys. 2017;98(1):142-151. 

394. Thariat J, Rahmi A, Salleron J, et al. Proton beam therapy for iris melanomas 

in 107 patients. Ophthalmology. 2018;125(4):606-614. 

395. Thariat J, Salleron J, Maschi C, et al. Oncologic and visual outcomes after 

postoperative proton therapy of localized conjunctival melanomas. Radiat Oncol. 

2019;14(1):239. 

396. Thomas H, Timmermann B. Paediatric proton therapy. Br J Radiol. 

2020;93(1107):20190601. 

397. Thorpe CS, Niska JR, Anderson JD, et al. Acute toxicities after proton beam 

therapy following breast-conserving surgery for breast cancer: Multi-institutional 

prospective PCG registry analysis. Breast J. 2020;26(9):1760-1764. 

398. Thorpe CS, Niska JR, Girardo ME, et al. Proton beam therapy reirradiation for 

breast cancer: Multi-institutional prospective PCG registry analysis. Breast J. 

2019;25(6):1160-1170. 

399. Thurin E, Nyström PW, Smits A, et al. Proton therapy for low-grade gliomas in 

adults: A systematic review. Clin Neurol Neurosurg. 2018;174:233-238. 

400. Toussaint L, Indelicato DJ, Muren LP, et al. Temporal lobe sparing 

radiotherapy with photons or protons for cognitive function preservation in paediatric 

craniopharyngioma. Radiother Oncol. 2020;142:140-146. 

401. Tran S, Lim PS, Bojaxhiu B, et al. Clinical outcomes and quality of life in 

children and adolescents with primary brain tumors treated with pencil beam 

scanning proton therapy. Pediatr Blood Cancer. 2020 Sep 9:e28465.  

402. Tran S, Puric E, Walser M, et al. Early results and volumetric analysis after 

spot-scanning proton therapy with concomitant hyperthermia in large inoperable 

sacral chordomas. Br J Radiol. 2020;93(1107):20180883. 

403. Trikalinos TA, Terasawa T, Ip S, Raman G, Lau J. Particle Beam Radiation 

Therapies for Cancer. Technical Brief No. 1. (Prepared by Tufts Medical Center 

Evidence-based Practice Center under Contract No. HHSA-290-07-10055.) 

Rockville, MD: Agency for Healthcare Research and Quality; revised November 

2009.  



404. Tseng YD, Cutter DJ, Plastaras JP, et al. Evidence-based review on the use of 

proton therapy in lymphoma from the Particle Therapy Cooperative Group (PTCOG) 

Lymphoma Subcommittee. Int J Radiat Oncol Biol Phys. 2017;99(4):825-842. 

405. Uezono H, Indelicato DJ, Rotondo RL, et al. Proton therapy following induction 

chemotherapy for pediatric and adolescent nasopharyngeal carcinoma. Pediatr 

Blood Cancer. 2019;66(12):e27990. 

406. UK National Health Service (NHS). Clinical Commissioning Policy Statement. 

Proton Beam Therapy for Adult Lymphoma (URN: 1852). London, UK: NHS; 2019. 

407. UK National Health Service (NHS). Clinical Commissioning Policy Statement. 

Proton Beam Therapy for Head and Neck Cancer in Adults (URN: 1873). London, UK: 

NHS; 2019. 

408. UK National Health Service (NHS). Clinical Commissioning Policy Statement. 

Proton Beam Therapy for Hepatocellular Carcinoma (1842). London, UK: NHS; 2019. 

409. UK National Health Service (NHS). Clinical Commissioning Policy Statement. 

Proton Beam Therapy for Oesophageal Cancer in Adults (1874). London, UK: NHS; 

2019. 

410. Vaios EJ, Wo JY. Proton beam radiotherapy for anal and rectal cancers. J 

Gastrointest Oncol. 2020;11(1):176-186. 

411. Vargas C, Fryer A, Mahajan C, et al. Dose-volume comparison of proton 

therapy and intensity-modulated radiotherapy for prostate cancer. Int J Radiat Oncol 

Biol Phys. 2008;70(3):744-751. 

412. Vargas CE, Hartsell WF, Dunn M, et al. Hypofractionated versus standard 

fractionated proton-beam therapy for low-risk prostate cancer: Interim results of a 

randomized trial PCG GU 002. Am J Clin Oncol. 2018;41(2):115-120. 

413. Vargas CE, Schmidt MQ, Niska JR, et al. Initial toxicity, quality-of-life 

outcomes, and dosimetric impact in a randomized phase 3 trial of hypofractionated 

versus standard fractionated proton therapy for low-risk prostate cancer. Adv Radiat 

Oncol. 2018;3(3):322-330. 

414. Verma V, Lin SH, Simone CB 2nd, Mehta MP. Clinical outcomes and toxicities 

of proton radiotherapy for gastrointestinal neoplasms: A systematic review. J 

Gastrointest Oncol. 2016;7(4):644-664. 

415. Verma V, Rwigema JM, Malyapa RS, et al. Systematic assessment of clinical 

outcomes and toxicities of proton radiotherapy for reirradiation. Radiother Oncol. 

2017;125(1):21-30. 

416. Vlayen J, Garcia Fernandez L, Boterberg T, San Miguel L. Proton beam 

therapy in adults - a systematic review. Health Technology Assessment. KCE Report 

307. Brussels, Belgium; Belgian Healthcare Knowledge Centre (KCE); 2019.  

417. Vogel J, Berman AT, Lin L, et al. Prospective study of proton beam radiation 

therapy for adjuvant and definitive treatment of thymoma and thymic carcinoma: 

Early response and toxicity assessment. Radiother Oncol. 2016;118(3):504-509. 

418. Vogel J, Grewal A, O'Reilly S, et al. Risk of brainstem necrosis in pediatric 

patients with central nervous system malignancies after pencil beam scanning 

proton therapy. Acta Oncol. 2019;58(12):1752-1756. 



419. Washington State Health Care Authority, Health Technology Clinical 

Committee. Proton beam therapy - re-review. Findings and Decision. Olympia, WA: 

Washington State Health Care Authority; July 12, 2019.  

420. Weber DC, Lim PS, Tran S, et al. Proton therapy for brain tumours in the area 

of evidence-based medicine. Br J Radiol. 2020;93(1107):20190237. 

421. Weber DC, Murray F, Combescure C, et al. Long term outcome of skull-base 

chondrosarcoma patients treated with high-dose proton therapy with or without 

conventional radiation therapy. Radiother Oncol. 2018;129(3):520-526. 

422. Welch WC, Schiff D, Gerszten PC. Spinal cord tumors. UpToDate [online 

serial]. Waltham, MA: UpToDate; reviewed January 2018. 

423. National Comprehensive Cancer Network (NCCN). Soft tissue sarcoma. 

NCCN Clinical Practice Guidelines in Oncology, Version 1.2018. Fort Washington, PA: 

NCCN; 2018.   

424. Welsh J, Amini A, Likhacheva A, et al. Update: Modern approaches to the 

treatment of localized esophageal cancer. Curr Oncol Rep. 2011a;13(3):157-167. 

425. Welsh J, Gomez D, Palmer MB, et al. Intensity-modulated proton therapy 

further reduces normal tissue exposure during definitive therapy for locally 

advanced distal esophageal tumors: A dosimetric study. Int J Radiat Oncol Biol Phys. 

2011b;81(5):1336-1342. 

426. Wilson VC, McDonough J, Tochner Z. Proton beam irradiation in pediatric 

oncology: An overview. J Pediatr Hematol Oncol. 2005;27(8):444-448. 

427. Wilt TJ, MacDonald R, Rutks I, et al. Systematic review: Comparative 

effectiveness of therapies for clinically localized prostate cancer. Ann Intern Med. 

2008;148:435-448. 

428. Wilt TJ, Shamliyan T, Taylor B, et al. Comparative effectiveness of therapies 

for clinically localized prostate cancer. Comparative Effectiveness Review No. 13. 

Rockville, MD: Agency for Healthcare Research and Quality (AHRQ); 2008. 

429. Wolkow N, Jakobiec FA, Lee H, Sutula FC. Long-term outcomes of globe-

preserving surgery with proton beam radiation for adenoid cystic carcinoma of the 

lacrimal gland. Am J Ophthalmol. 2018;195:43-62. 

430. Wu A, Jin MC, Meola A, et al. Efficacy and toxicity of particle radiotherapy in 

WHO grade II and grade III meningiomas: A systematic review. Neurosurg Focus. 

2019;46(6):E12. 

431. Xi M, Xu C, Liao Z, et al. Comparative outcomes after definitive 

chemoradiotherapy using proton beam therapy versus intensity modulated radiation 

therapy for esophageal cancer: A retrospective, single-institutional analysis. Int J 

Radiat Oncol Biol Phys. 2017;99(3):667-676. 

432. Xiang M, Chang DT, Pollom EL. Second cancer risk after primary cancer 

treatment with three-dimensional conformal, intensity-modulated, or proton beam 

radiation therapy. Cancer. 2020;126(15):3560-3568. 

433. Yamaguchi H, Honda M, Hamada K, et al. The effectiveness of proton beam 

therapy for liver metastatic recurrence in gastric cancer patients. Jpn J Clin Oncol. 

2020;50(8):903-908. 

434. Yang TJ, Wijetunga NA, Yamada J, et al. Clinical trial of proton craniospinal 

irradiation for leptomeningeal metastases. Neuro Oncol. 2021;23(1):134-143. 



435. Yock TI, Tarbell NJ. Technology insight: Proton beam radiotherapy for 

treatment in pediatric brain tumors. Nat Clin Pract Oncol. 2004;1(2):97-103. 

436. Yock TI, Yeap BY, Ebb DH, et al. Long-term toxic effects of proton 

radiotherapy for paediatric medulloblastoma: A phase 2 single-arm study. Lancet 

Oncol. 2016;17(3):287-298.  

437. Yoo GS, Yu JI, Cho S, et al. Comparison of clinical outcomes between passive 

scattering versus pencil-beam scanning proton beam therapy for hepatocellular 

carcinoma. Radiother Oncol. 2020;146:187-193. 

438. Yoon SS, Chen YL, Kirsch DG, et al. Proton-beam, intensity-modulated, 

and/or intraoperative electron radiation therapy combined with aggressive anterior 

surgical resection for retroperitoneal sarcomas. Ann Surg Oncol. 2010;17(6):1515-

1529. 

439. Yu JI, Yoo GS, Cho S, et al. Initial clinical outcomes of proton beam 

radiotherapy for hepatocellular carcinoma. Radiat Oncol J. 2018;36(1):25-34. 

440. Yu NY, DeWees TA, Liu C, et al. Early outcomes of patients with locally 

advanced non-small cell lung cancer treated with intensity-modulated proton 

therapy versus intensity-modulated radiation therapy: The Mayo Clinic experience. 

Adv Radiat Oncol. 2019;5(3):450-458. 

441. Yu NY, Gamez ME, Hartsell WF, et al. A multi-institutional experience of 

proton beam therapy for sinonasal tumors. Adv Radiat Oncol. 2019;4(4):689-698. 

442. Yu E, Koffer PP, DiPetrillo TA, Kinsella TJ. Incidence, treatment, and survival 

patterns for sacral chordoma in the United States, 1974-2011. Front Oncol. 

2016;6:203. 

443. Zaorsky NG, Shaikh T, Murphy CT, et al. Comparison of outcomes and 

toxicities among radiation therapy treatment options for prostate cancer. Cancer 

Treat Rev. 2016;48:50-60. 

444. Zenda S, Akimoto T, Mizumoto M, et al. Phase II study of proton beam therapy 

as a nonsurgical approach for mucosal melanoma of the nasal cavity or para-nasal 

sinuses. Radiother Oncol. 2016;118(2):267-271.  

445. Zeng C, Plastaras JP, James P, et al. Proton pencil beam scanning for 

mediastinal lymphoma: Treatment planning and robustness assessment. Acta Oncol. 

2016;55(9-10):1132-1138. 

446. Zeng J, Badiyan SN, Garces YI, et al; International Particle Therapy 

Cooperative Group Thoracic Subcommittee. Consensus Statement on Proton 

Therapy in Mesothelioma. Pract Radiat Oncol. 2020 May 24:S1879-8500(20)30117-X. 

Epub ahead of print. 

447. Zeng YC, Vyas S, Dang Q, et al. Proton therapy posterior beam approach with 

pencil beam scanning for esophageal cancer : Clinical outcome, dosimetry, and 

feasibility. Strahlenther Onkol. 2016;192(12):913-921. 

448. Zhao X, Ren Y, Hu Y, et al. Neoadjuvant chemotherapy versus neoadjuvant 

chemoradiotherapy for cancer of the esophagus or the gastroesophageal junction: A 

meta-analysis based on clinical trials. PLoS One. 2018;13(8):e0202185. 

449. Zhu S, Rotondo R, Mendenhall WM, et al. Long-term outcomes of fractionated 

stereotactic proton therapy for vestibular schwannoma: A case series. Int J Part Ther. 

2018;4(4):37-46. 



450. Zietman AL. Can proton therapy be considered a standard of care in 

oncology? Lessons from the United States. Br J Cancer. 2019;120(8):775-776. 

451. Zietman AL, Bae K, Slater JD, et al. Randomized trial comparing conventional-

dose with high-dose conformal radiation therapy in early-stage adenocarcinoma of 

the prostate: Long-term results from Proton Radiation Oncology Group/American 

College of Radiology 95-09. J Clin Oncol. 2010;28(7):1106-1111. 

452. Zietman AL, DeSilvio ML, Slater JD, et al. Comparison of conventional-dose vs 

high-dose conformal radiation therapy in clinically localized adenocarcinoma of the 

prostate: A randomized controlled trial. JAMA. 2005;294(10):1233-1239. 

453. Zou Z, Bowen SR, Thomas HMT, et al. Scanning beam proton therapy versus 

photon IMRT for stage III lung cancer: Comparison of dosimetry, toxicity, and 

outcomes. Adv Radiat Oncol. 2020;5(3):434-443. 

 

 


