
Appendix A. Selected internet links 
 
Appendix Table A1. Internet links for radiotherapy organizations  
Organization  URL address  
Deutsche Gesellschaft fur 
Radiooncologie 

http://www.degro.org/jsp_public/cms/index.jsp  

European Society for 
Therapeutic Radiology and 
Oncology 

http://www.estroweb.org/estro/index.cfm  

American Society for 
Therapeutic Radiology and 
Oncology 

http://www.astro.org/ 

National Association for 
Proton Therapy 

http://www.proton-therapy.org/  

Particle Therapy 
Cooperative Group 

http://ptcog.web.psi.ch/  

(Last accessed 06/16/2008) 
 
 
 
 
 
Appendix Table A2. Internet links for particle beam instrumentation companies  
Company URL address 
Ion Beam Applications 
(IBA) Solutions 

http://www.iba-worldwide.com/  

Still River Systems Inc http://www.stillriversystems.com/  
Optivus Proton Therapy http://www.optivus.com/  
Siemens http://www.medical.siemens.com/  
Hitachi: Proton beam 
Therapy  

http://www.pi.hitachi.co.jp/rd-eng/product/industrial-
sys/accelerator-sys/proton-therapy-sys/proton-beam-
therapy/index.html  

ACCEL Instruments http://www.proton-therapy.com/  
(Last accessed 06/16/2008) 
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Appendix Table A3. Internet links for particle beam treatment centers in the USA 
Center/Institute URL address 
Francis H. Burr Proton 
Therapy Center (NPTC) 

http://www.massgeneral.org/cancer/about/providers/radia
tion/proton/index.asp  

Loma Linda University 
Proton Therapy Center 

http://www.llu.edu/proton/index.html  

University of California, 
Crocker Nuclear Lab 

http://media.cnl.ucdavis.edu/crocker/website/default.php  

Midwest Proton 
Radiotherapy Institute, 
Bloomington 

http://www.mpri.org/  

M.D. Anderson Proton 
Therapy Center, Houston 

http://www.mdanderson.org/care_centers/radiationonco/
ptc/  

University of Florida Proton 
Therapy Institute, 
Jacksonville 

http://www.floridaproton.org/  

(Last accessed 06/16/2008) 
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Appendix B. Ovid Medline search strategy  
 
ID Search term  Citations 
1  particle beam.mp.  157  
2  heavy ion*.mp. or exp Heavy Ions/  1411  
3  light ion*.mp.  115  
4  charged particle*.mp.  1114  
5  boron neutron captrure.mp.  0  
6  hadron$.mp.  168  
7  proton$.mp. or exp Protons/  70128  
8  Carbon ion.mp.  225  
9  C-ion$.mp.  152  
10  helium ion$.mp.  202  
11  He-ion$.mp.  26  
12  exp Alpha Particles/ or alpha irradiation.mp.  1872  
13  (LET or linear energy transfer).mp.  12772  
14  exp Particle Accelerators/  5736  
15  or/1-14  90173  
16  exp Radiotherapy/  98150  
17  exp Radiotherapy, High-Energy/  14620  
18  irradiation.mp. or exp Pituitary Irradiation/ or exp Lymphatic 

Irradiation/ or exp Cranial Irradiation/  
107651  

19  beam therap*.mp.  1047  
20  pion* therap*.mp.  29  
21  piontherap*.mp.  0  
22  proton* therap*.mp.  380  
23  protontherap*.mp.  55  
24  neutron capture therap*.mp.  1288  
25  neutron therap*.mp.  551  
26  neutrontherap*.mp.  12  
27  ion$ therap*.mp.  152  
28  iontherap*.mp.  2  
29  beam irradiation.mp.  1806  
30  beam radiation.mp.  2485  
31  radiation therap*.mp.  34480  
32  particle therap*.mp.  111  
33  hadron$therap*.mp.  39  
34  hadrontherap*.mp.  39  
35  particle beam therap*.mp.  10  
36  charged particle therap*.mp.  47  
37  or/16-36  195909  
38  15 and 37  7458  
39  limit 38 to humans  4776  
40  remove duplicates from 39  4747  
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Appendix C. Table of eligible studies 
Citation  PMID 
Bladder  
Miyanaga N, Ami Y, Ohtani M et al. Clinical study of proton radiotherapy in 
urological cancers. [Japanese]. Nippon Hinyokika Gakkai Zasshi - Japanese Journal 
of Urology 81(2):251-7, 1990. 

2157915 

Hata M, Miyanaga N, Tokuuye K et al. Proton beam therapy for invasive bladder 
cancer: a prospective study of bladder-preserving therapy with combined 
radiotherapy and intra-arterial chemotherapy. International Journal of Radiation 
Oncology, Biology, Physics 64(5):1371 -9, 2006. 

16580495 

Tsujii H, Akaza H, Ohtani M et al. Preliminary results of bladder-preserving therapy 
with definitive radiotherapy and intraarterial infusion of chemotherapy. 
Strahlentherapie und Onkologie 170 (9):531 -7, 1994.  

7940124 
 

Bone  
Delaney TF, Park L, Goldberg SI et al. Radiotherapy for local control of 
osteosarcoma. International Journal of Radiation Oncology, Biology, Physics 
61(2):492-8, 2005. 

15667972 

Kamada T, Tsujii H, Tsuji H et al. Efficacy and safety of carbon ion radiotherapy in 
bone and soft tissue sarcomas. Journal of Clinical Oncology 1920, 4466-4471. 

12431970 

Reimers M, Castro JR, Linstadt D et al. Heavy charged particle therapy of bone and 
soft tissue sarcoma. A phase I-II trial of the University of California Lawrence 
Berkeley Laboratory and the Northern California Oncology Group. American Journal 
of Clinical Oncology 9(6):488-93, 1986. 

2431614 

Timmermann B, Schuck A, Niggli F et al. Spot-scanning proton therapy for 
malignant soft tissue tumors in childhood: First experiences at the Paul Scherrer 
Institute. International Journal of Radiation Oncology, Biology, Physics 67(2):497-
504, 2007. 

17084557 

Weber DC, Rutz HP, Bolsi A et al. Spot scanning proton therapy in the curative 
treatment of adult patients with sarcoma: the Paul Scherrer institute experience. 
International Journal of Radiation Oncology, Biology, Physics 69(3):865-71, 2007. 

17606333 

Zhang H, Yoshikawa K, Tamura K et al. [(11)C]methionine positron emission 
tomography and survival in patients with bone and soft tissue sarcomas treated by 
carbon ion radiotherapy. Clinical Cancer Research 10(5):1764-72, 2004. 

15014030 

Breast  
Bush DA, Slater JD, Garberoglio C, Yuh G, Hocko JM, Slater JM. A technique of 
partial breast irradiation utilizing proton beam radiotherapy: comparison with 
conformal x-ray therapy.[see comment]. Cancer Journal 13(2):114 -8, 2007. 

17476139 

Kozak KR, Smith BL, Adams J et al. Accelerated partial-breast irradiation using 
proton beams: initial clinical experience. International Journal of Radiation 
Oncology, Biology, Physics 66(3):691-8, 2006. 

17011445 

Gastrointestinal   
Castro JR, Saunders WM, Quivey JM et al. Clinical problems in radiotherapy of 
carcinoma of the pancreas. American Journal of Clinical Oncology 5(6):579-87, 1982. 

6762086 

Castro JR, Chen GT, Pitluck S et al. Helium charged-particle radiotherapy of locally 
advanced carcinoma of the esophagus, stomach, and biliary tract. American Journal 
of Clinical Oncology 6 (6 ):629 -37, 1983. 

6637875 

Koyama S, Tsujii H, Yokota H et al. Proton beam therapy for patients with 
esophageal carcinoma. Japanese Journal of Clinical Oncology 24 (3):144 -53, 1994 

8007424 
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Citation  PMID 
Linstadt D, Quivey JM, Castro JR et al. Comparison of helium-ion radiation therapy 
and split-course megavoltage irradiation for unresectable adenocarcinoma of the 
pancreas. Final report of a Northern California Oncology Group randomized 
prospective clinical trial. Radiology 168 (1):261-4, 1988. 

3132732 

Schoenthaler R, Phillips TL, Castro J, Efird JT, Better A, Way LW. Carcinoma of the 
extrahepatic bile ducts. The University of California at San Francisco experience. 
Annals of Surgery 219 (3):267 -74, 1994. 

8147607 

Schoenthaler R, Castro JR, Halberg FE, Phillips TL. Definitive postoperative 
irradiation of bile duct carcinoma with charged particles and/or photons. International 
Journal of Radiation Oncology, Biology, Physics 27 (1):75 -82, 1993. 

8365945 

Sugahara S, Tujii H, Tuji H, Tatuzaki H, Ohara K, Itai Y. [The value of frequent 
positioning of treatment field in radiotherapy of esophageal cancer]. [Japanese]. 
Nippon Igaku Hoshasen Gakkai Zasshi - Nippon Acta Radiologica 52 (9 ):1308 -14, 
1992 

1437536 

Sugahara S, Tokuuye K, Okumura T et al. Clinical results of proton beam therapy 
for cancer of the esophagus. International Journal of Radiation Oncology, Biology, 
Physics 61 (1):76 -84 , 2005 

15629597 

Head and Neck  
Al-Mefty O, Borba LA. Skull base chordomas: a management challenge. Journal of 
Neurosurgery 86 (2):182 -9 , 1997  

9010416

Austin-Seymour M, Munzenrider J, Goitein M et al. Fractionated proton radiation 
therapy of chordoma and low-grade chondrosarcoma of the base of the skull. 
Journal of Neurosurgery 70 (1):13-7 , 1989  

2535872

Austin-Seymour M, Munzenrider J, Linggood R et al. Fractionated proton radiation 
therapy of cranial and intracranial tumors. American Journal of Clinical Oncology 
13(4):327 -30 , 1990 

2165739

Benk V, Liebsch NJ, Munzenrider JE, Efird J, McManus P, Suit H. Base of skull and 
cervical spine chordomas in children treated by high-dose irradiation. International 
Journal of Radiation Oncology, Biology, Physics 31 (3):577 -81 , 1995  

7852123

Berson AM, Castro JR, Petti P et al. Charged particle irradiation of chordoma and 
chondrosarcoma of the base of skull and cervical spine: the Lawrence Berkeley 
Laboratory experience. International Journal of Radiation Oncology, Biology, 
Physics 15 (3):559 -65, 1988. 

3138208

Castro JR, Linstadt DE, Bahary JP et al. Experience in charged particle irradiation of 
tumors of the skull base: 1977-1992.[see comment]. [Review] [35 refs]. International 
Journal of Radiation Oncology, Biology, Physics 29 (4):647 -55 , 1994. 

8040010

Castro JR, Reimers MM. Charged particle radiotherapy of selected tumors in the 
head and neck. International Journal of Radiation Oncology, Biology, Physics 
14(4):711-20, 1988. 

3350726

Castro JR, Phillips TL, Prados M et al. Neon heavy charged particle radiotherapy of 
glioblastoma of the brain. International Journal of Radiation Oncology, Biology, 
Physics 38 (2):257 -61 , 1997 

9226311

Colli B, Al-Mefty O. Chordomas of the craniocervical junction: follow-up review and 
prognostic factors. Journal of Neurosurgery 95 (6):933 -43 , 2001  

11765837

Debus J, Haberer T, Schulz-Ertner D et al. [Carbon ion irradiation of skull base 
tumors at GSI. First clinical results and future perspectives]. [German]. 
Strahlentherapie und Onkologie 176 (5):211 -6, 2000  

10847117

Fagundes MA, Hug EB, Liebsch NJ, Daly W, Efird J, Munzenrider JE. Radiation 
therapy for chordomas of the base of skull and cervical spine: patterns of failure and 
outcome after relapse. International Journal of Radiation Oncology, Biology, Physics 
33 (3):579 -84 , 1995  

7558946
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Citation  PMID 
Fitzek MM, Thornton AF, Harsh G et al. Dose-escalation with proton/photon 
irradiation for Daumas-Duport lower-grade glioma: results of an institutional phase 
I/II trial. International Journal of Radiation Oncology, Biology, Physics 51(1):131-7, 
2001. 

11516862

Fitzek MM, Thornton AF, Varvares M et al. Neuroendocrine tumors of the sinonasal 
tract. Results of a prospective study incorporating chemotherapy, surgery, and 
combined proton-photon radiotherapy. Cancer 94 (10):2623 -34 , 2002 

12173330

Fuss M, Hug EB, Schaefer RA et al. Proton radiation therapy (PRT) for pediatric 
optic pathway gliomas: comparison with 3D planned conventional photons and a 
standard photon technique. International Journal of Radiation Oncology, Biology, 
Physics 45 (5):1117 -26 , 1999  

10613303

Gridley DS, Loredo LN, Slater JD et al. Pilot evaluation of cytokine levels in patients 
undergoing radiotherapy for brain tumor. Cancer Detection & Prevention 22 (1):20 -
9, 1998  

9466045

Hasegawa A, Mizoe JE, Mizota A, Tsujii H. Outcomes of visual acuity in carbon ion 
radiotherapy: analysis of dose-volume histograms and prognostic factors. 
International Journal of Radiation Oncology, Biology, Physics 64 (2):396 -401, 2006  

16182466

Hug EB, DeVries A, Thornton AF et al. Management of atypical and malignant 
meningiomas: role of high-dose, 3D-conformal radiation therapy. Journal of Neuro-
Oncology 48 (2):151 -60, 2000  

11083080

Hug EB, Loredo LN, Slater JD et al. Proton radiation therapy for chordomas and 
chondrosarcomas of the skull base.[see comment]. Journal of Neurosurgery 91 
(3):432 -9, 1999. 

10470818

Hug EB, Muenter MW, Archambeau JO et al. Conformal proton radiation therapy for 
pediatric low-grade astrocytomas. Strahlentherapie und Onkologie 178(1):10-7, 
2002  

11977386

Hug EB, Sweeney RA, Nurre PM, Holloway KC, Slater JD, Munzenrider JE. Proton 
radiotherapy in management of pediatric base of skull tumors. International Journal 
of Radiation Oncology, Biology, Physics 52(4):1017 -24 , 2002  

11958897

Igaki H, Tokuuye K, Okumura T et al. Clinical results of proton beam therapy for 
skull base chordoma. [Review] [38 refs]. International Journal of Radiation 
Oncology, Biology, Physics 60(4):1120 -6, 2004 

15519783

Kishimoto R, Mizoe JE, Komatsu S, Kandatsu S, Obata T, Tsujii H. MR imaging of 
brain injury induced by carbon ion radiotherapy for head and neck tumors. Magnetic 
Resonance in Medical Sciences 4(4):159 -64 , 2005  

16543700

McAllister B, Archambeau JO, Nguyen MC et al. Proton therapy for pediatric cranial 
tumors: preliminary report on treatment and disease-related morbidities. 
International Journal of Radiation Oncology, Biology, Physics 39 (2):455 -60 , 1997  

9308950

Mizoe JE, Tsujii H, Hasegawa A et al. Phase I/II clinical trial of carbon ion 
radiotherapy for malignant gliomas: combined X-ray radiotherapy, chemotherapy, 
and carbon ion radiotherapy. International Journal of Radiation Oncology, Biology, 
Physics 69 (2):390-6, 2007. 

17459607

Mizoe JE, Tsujii H, Kamada T et al. Dose escalation study of carbon ion 
radiotherapy for locally advanced head-and-neck cancer.[see comment]. 
International Journal of Radiation Oncology, Biology, Physics 60(2):358-64, 2004. 

15380567

Nishimura H, Ogino T, Kawashima M et al. Proton-beam therapy for olfactory 
neuroblastoma. International Journal of Radiation Oncology, Biology, Physics 
68(3):758 -62 , 2007  

17398027

Noel G, Feuvret L, Calugaru V et al. Chordomas of the base of the skull and upper 
cervical spine. One hundred patients irradiated by a 3D conformal technique 
combining photon and proton beams. Acta Oncologica 44 (7 ):700 -8 , 2005 

16227160
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Citation  PMID 
Noel G, Feuvret L, Dhermain F et al. [Chordomas of the base of the skull and upper 
cervical spine. 100 patients irradiated by a 3D conformal technique combining 
photon and proton beams]. [French]. Cancer Radiotherapie 9(3):161 -74 , 2005  

15979920

Noel G, Feuvret L, Ferrand R, Boisserie G, Mazeron JJ, Habrand JL. 
Radiotherapeutic factors in the management of cervical-basal chordomas and 
chondrosarcomas. Neurosurgery 55 (6):1252 -60; discussion 1260 -2, 2004   

15574207

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. Medical & Pediatric Oncology 40 (5):309 -15, 
2003 

12652619

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. Strahlentherapie und Onkologie 179 (4):241 -8 , 2003 

12707713

Noel G, Habrand JL, Mammar H et al. Combination of photon and proton radiation 
therapy for chordomas and chondrosarcomas of the skull base: the Centre de 
Protontherapie D'Orsay experience. International Journal of Radiation Oncology, 
Biology, Physics 51 (2):392 -8 , 2001 

11567813

Noel G, Jauffret E, Crevoisier RD et al. [Radiation therapy for chordomas and 
chondrosarcomas of the base of the skull and cervical spine]. [French]. Bulletin du 
Cancer 89 (7 -8 ):713 -23, 2002 

12206985

O'Connell JX, Renard LG, Liebsch NJ, Efird JT, Munzenrider JE, Rosenberg AE. 
Base of skull chordoma. A correlative study of histologic and clinical features of 62 
cases. Cancer 74 (8 ):2261 -7 , 1994 

7922977

Pommier P, Liebsch NJ, Deschler DG et al. Proton beam radiation therapy for skull 
base adenoid cystic carcinoma. Archives of Otolaryngology -- Head & Neck Surgery 
132 (11):1242 -9, 2006  

17116822

Rosenberg AE, Nielsen GP, Keel SB et al. Chondrosarcoma of the base of the skull: 
a clinicopathologic study of 200 cases with emphasis on its distinction from 
chordoma. American Journal of Surgical Pathology 23(11):1370 -8 , 1999  

10555005

Santoni R, Liebsch N, Finkelstein DM et al. Temporal lobe (TL) damage following 
surgery and high-dose photon and proton irradiation in 96 patients affected by 
chordomas and chondrosarcomas of the base of the skull. International Journal of 
Radiation Oncology, Biology, Physics 41 (1):59 -68, 1998 

9588918

Saunders WM, Chen GT, ustin-Seymour M et al. Precision, high dose radiotherapy. 
II. Helium ion treatment of tumors adjacent to critical central nervous system 
structures. International Journal of Radiation Oncology, Biology, Physics 
11(7):1339-47, 1985.  

4008290

Schulz-Ertner D, Haberer T, Jakel O et al. Radiotherapy for chordomas and low-
grade chondrosarcomas of the skull base with carbon ions. International Journal of 
Radiation Oncology, Biology, Physics 53(1):36-42, 2002.  

12007939

Schulz-Ertner D, Haberer T, Scholz M et al. Acute radiation-induced toxicity of 
heavy ion radiotherapy delivered with intensity modulated pencil beam scanning in 
patients with base of skull tumors. Radiotherapy & Oncology 64 (2):189 -95, 2002  

12242129

Schulz-Ertner D, Karger CP, Feuerhake A et al. Effectiveness of carbon ion 
radiotherapy in the treatment of skull-base chordomas. International Journal of 
Radiation Oncology, Biology, Physics 68(2):449 -57 , 2007  

17363188

Schulz-Ertner D, Nikoghosyan A, Didinger B et al. Therapy strategies for locally 
advanced adenoid cystic carcinomas using modern radiation therapy techniques. 
Cancer 104 (2):338 -44 , 2005  

15937907

Schulz-Ertner D, Nikoghosyan A, Didinger B, Debus J. Carbon ion radiation therapy 
for chordomas and low grade chondrosarcomas--current status of the clinical trials 
at GSI. Radiotherapy & Oncology 73 Suppl 2:S53 -6, 2004 

15971310
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Citation  PMID 
Schulz-Ertner D, Nikoghosyan A, Jakel O et al. Feasibility and toxicity of combined 
photon and carbon ion radiotherapy for locally advanced adenoid cystic carcinomas. 
International Journal of Radiation Oncology, Biology, Physics 56 (2):391 -8, 2003  

12738314

Schulz-Ertner D, Nikoghosyan A, Thilmann C et al. Carbon ion radiotherapy for 
chordomas and low-grade chondrosarcomas of the skull base. Results in 67 
patients. Strahlentherapie und Onkologie 179 (9):598-605, 2003. 

14628125

Schulz-Ertner D, Nikoghosyan A, Thilmann C et al. Results of carbon ion 
radiotherapy in 152 patients. International Journal of Radiation Oncology, Biology, 
Physics 58 (2):631 -40 , 2004  

14751537

Slater JD, ustin-Seymour M, Munzenrider J et al. Endocrine function following high 
dose proton therapy for tumors of the upper clivus. International Journal of Radiation 
Oncology, Biology, Physics 15 (3):607 -11, 1988  

3138212

Slater JD, Yonemoto LT, Mantik DW et al. Proton radiation for treatment of cancer of 
the oropharynx: early experience at Loma Linda University Medical Center using a 
concomitant boost technique. International Journal of Radiation Oncology, Biology, 
Physics 62 (2):494-500, 2005. 

15890592

Suit HD, Goitein M, Munzenrider J et al. Definitive radiation therapy for chordoma 
and chondrosarcoma of base of skull and cervical spine. Journal of Neurosurgery 56 
(3):377 -85 , 1982  

7057235

Terahara A, Niemierko A, Goitein M et al. Analysis of the relationship between tumor 
dose inhomogeneity and local control in patients with skull base chordoma. 
International Journal of Radiation Oncology, Biology, Physics 45 (2):351-8, 1999  

10487555

Tokuuye K, Akine Y, Kagei K et al. Proton therapy for head and neck malignancies 
at Tsukuba. Strahlentherapie und Onkologie 180 (2):96 -101 , 2004 

14762662

Weber DC, Chan AW, Lessell S et al. Visual outcome of accelerated fractionated 
radiation for advanced sinonasal malignancies employing photons/protons. 
Radiotherapy & Oncology 81 (3):243 -9, 2006  

17050017

Weber DC, Rutz HP, Pedroni ES et al. Results of spot-scanning proton radiation 
therapy for chordoma and chondrosarcoma of the skull base: the Paul Scherrer 
Institut experience. International Journal of Radiation Oncology, Biology, Physics 
63(2):401 -9, 2005 

16168833

Yoshii Y, Maki Y, Narushima A et al. [Use of radiotherapy by high-energy protons in 
the postoperative treatment of brain tumors]. [Japanese]. Neurologia Medico-
Chirurgica 26 (3):219 -26 , 1986 

2426616

Yoshii Y, Takano S, Tsurushima H et al. Normal brain damage after radiotherapy of 
brain tumours. Clinical Oncology (Royal College of Radiologists) 3(5):278 -82 , 1991  

1657115

Zhang H, Yoshikawa K, Tamura K et al. Carbon-11-methionine positron emission 
tomography imaging of chordoma. Skeletal Radiology 33(9):524 -30, 2004  

15483754

Liver (Hepatocellular carcinoma)  
Ahmadi T, Itai Y, Onaya H, Yoshioka H, Okumura T, Akine Y. CT evaluation of 
hepatic injury following proton beam irradiation: appearance, enhancement, and 3D 
size reduction pattern. Journal of Computer Assisted Tomography 23(5):655 -63, 
1999  

10524841

Bush DA, Hillebrand DJ, Slater JM, Slater JD. High-dose proton beam radiotherapy 
of hepatocellular carcinoma: preliminary results of a phase II trial. Gastroenterology 
127 (5 Suppl 1):S189 -93 , 2004  

15508084

Chiba,T.; Tokuuye,K.; Matsuzaki,Y.; Sugahara,S.; Chuganji,Y.; Kagei,K.; Shoda,J.; 
Hata,M.; Abei,M.; Igaki,H.; Tanaka,N.; Akine,Y.. Proton beam therapy for 
hepatocellular carcinoma: a retrospective review of 162 patients. Clinical Cancer 
Research.11(10):3799.-805., 2005 

15897579
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Citation  PMID 
Hashimoto T, Tokuuye K, Fukumitsu N et al. Repeated proton beam therapy for 
hepatocellular carcinoma. International Journal of Radiation Oncology, Biology, 
Physics 65 (1):196 -202 , 2006  

16563656

Hata M, Tokuuye K, Sugahara S et al. Proton beam therapy for hepatocellular 
carcinoma with limited treatment options. Cancer 107 (3):591 -8 , 2006 

16804931

Hata M, Tokuuye K, Sugahara S et al. Proton beam therapy for aged patients with 
hepatocellular carcinoma. International Journal of Radiation Oncology, Biology, 
Physics 69 (3):805 -12, 2007 

17524568

Hata M, Tokuuye K, Sugahara S et al. Proton beam therapy for hepatocellular 
carcinoma patients with severe cirrhosis. Strahlentherapie und Onkologie 182 
(12):713 -20 , 2006  

17149578

Hata M, Tokuuye K, Sugahara S et al. Proton beam therapy for hepatocellular 
carcinoma with portal vein tumor thrombus. Cancer 104 (4):794 -801 , 2005   

15981284

Kato H, Tsujii H, Miyamoto T et al. Results of the first prospective study of carbon 
ion radiotherapy for hepatocellular carcinoma with liver cirrhosis. International 
Journal of Radiation Oncology, Biology, Physics 59 (5):1468 -76 , 2004  

15275734

Kawashima M, Furuse J, Nishio T et al. Phase II study of radiotherapy employing 
proton beam for hepatocellular carcinoma. Journal of Clinical Oncology 23(9):1839 -
46, 2005 

15774777

Matsuzaki Y, Osuga T, Saito Y et al. A new, effective, and safe therapeutic option 
using proton irradiation for hepatocellular carcinoma. Gastroenterology 106 (4):1032 
-41 , 1994 

7511552

Niizawa G, Ikegami T, Matsuzaki Y et al. Monitoring of hepatocellular carcinoma, 
following proton radiotherapy, with contrast-enhanced color Doppler 
ultrasonography. Journal of Gastroenterology 40 (3):283 -90 , 2005  

15830288

Tsuji H, Okumura T, Maruhashi A et al. [Dose-volume histogram analysis of patients 
with hepatocellular carcinoma regarding changes in liver function after proton 
therapy]. [Japanese]. Nippon Igaku Hoshasen Gakkai Zasshi - Nippon Acta 
Radiologica 55 (5):322 -8 , 1995 

7784153

Lung  
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 120 (6):1803 -10, 2001  

11742905

Bush DA, Dunbar RD, Bonnet R, Slater JD, Cheek GA, Slater JM. Pulmonary injury 
from proton and conventional radiotherapy as revealed by CT. AJR American 
Journal of Roentgenology 172 (3):735 -9, 1999  

10063871

Bush DA, Slater JD, Bonnet R et al. Proton-beam radiotherapy for early-stage lung 
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Appendix F.  Centers that perform particle beam treatment 
(worldwide) 
 
 
Appendix Table F1. Operating particle beam facilities around the world 

Institute Country Parti-
cle 

Maximum 
Clinical 

Energy  (MeV) 

Beam 
direction 

First 
patient 

N treated Date of 
N 

treated H V Gan 
ITEP, Moscow Russia proton 250 Y – – 1969 4024 Dec-07 
St.Petersburg Russia proton 1000 Y – – 1975 1327 Dec-07 
PSI, Villigen Switzer-

land 
proton 72 Y – – 1984 4875 Dec-07 

Dubna Russia proton 200*** Y – – 1999 402 Dec-07 
Uppsala Sweden proton 200 Y – – 1989 840 Dec-07 
Clatterbridge England proton 62 Y – – 1989 1701 Dec-07 
Loma Linda USA proton 250 Y – Y 1990 11414 Nov-06 
MPRI(2) USA proton 200 Y – – 1993 379 Dec-07 
UCSF USA proton 60 Y – – 1994 920 Mar-07 
Nice France proton 65 Y – – 1991 3129 Sep-06 
Orsay France proton 200 Y – – 1991 4143 Dec-07 
iThemba Labs South 

Africa 
proton 200 Y – – 1993 500 Dec-07 

HIMAC, Chiba Japan ion 800/u Y Y – 1994 3795 Jan-08 
TRIUMF, 
Vancouver 

Canada proton 72 Y – – 1995 130 Dec-07 

PSI, Villigen Switzer-
land 

proton 
** 

250* – – Y 1996 320 Dec-07 

G.S.I. 
Darmstadt 

Germany ion** 430/u Y – – 1997 384 Dec-07 

HMI, Berlin Germany proton 72 Y – – 1998 1014 Dec-07 
NCC, Kashiwa Japan proton 235 – – Y 1998 552 Dec-07 
HIBMC,Hyogo Japan proton 230 – – Y 2001 1658 Dec-07 
HIBMC,Hyogo Japan ion 320 Y Y – 2002 271 Dec-07 
PMRC(2), 
Tsukuba 

Japan proton 250 – – Y 2001 1188 Dec-07 

NPTC, MGH 
Boston 

USA proton 235 Y – Y 2001 2710 Oct-07 

INFN-LNS, 
Catania 

Italy proton 60 Y – – 2002 151 Dec-07 

Shizuoka Japan proton 235 Y – Y 2003 570 Dec-07 
Wakasa 
WERC,Tsurug
a 

Japan proton 200 Y Y – 2002 49 Dec-07 

WPTC, Zibo China proton 230 Y – Y 2004 537 Dec-07 
MD Anderson 
Cancer 
Center, 
Houston, TX 

USA proton 250 Y – Y 2006 527 Dec-07 

FPTI, 
Jacksonville, 

USA proton 230 Y – Y 2006 360 Dec-07 
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Institute Country Parti-
cle 

Maximum 
Clinical 

Energy  (MeV) 

Beam 
direction 

First 
patient 

N treated Date of 
N 

treated H V Gan 
FL 
NCC, IIsan South 

Korea 
proton 230 Y – Y 2007 155 Dec-07 

N: number; H: horizontal; V: vertical; Gan: Gantry 
* degraded beam for 1996 to 2006; dedicated 250 MeV proton beam from 2007 onwards   
** with beam scanning (all others with spread beam) 
*** degraded beam 
Ordered by the time of treatment of the first patient.   
 
Source: Particle Therapy Cooperative Group, URL: http://ptcog.web.psi.ch/ (last accessed 
06/16/2008).   
 
 

http://ptcog.web.psi.ch/


 
Appendix Table F2. Particle beam facilities that are being planned around the world 

Institute Country In 
constru-

ction 

Particle Maximum 
Clinical 

Energy (MeV) 
[Accelerator] 

Treat-
ment 

rooms 

Gantries  Start 
date 

RPTC, Munich Germany Y proton 250 [SCC] 5 4 2008 
WPE, Essen Germany Y proton 230 [Cyc] 4 3 2009 
Heidelberg/GSI 
Darmstadt 

Germany Y proton, 
ion 

430 [SCC] 3 1 2008 

PTC, Marburg Germany Y proton, 
ion 

430 [Syn] 4 0 2010 

Kiel Germany N proton, 
ion 

430 [Syn] 3 0 2012 

RPTC, Koeln Germany N proton 250 [SCC] 5 4 ? 
PSI, Villigen Switzer-

land 
Y proton 250 [SCC] 3 +1 2007/08

UPenn USA Y proton 230 [Cyc] 5 4 2009 
Northern Illinois 
PT Res.Institute, 
W. Chicago, IL 

USA N proton 250 [?] 4 2 or 3 2011 

Med-AUSTRON Austria N proton, 
ion 

? [Syn] 3 to 4 
(?) 

2 ? 

Trento Italy N proton 230 [Cyc] 2 1 2010? 
CNAO, Pavia Italy Y proton, 

ion 
430 [SCC] 3 to 4 1 2009? 

iThemba Labs South 
Africa 

N proton 230 [SCC] 3 1 ? 

CPO, Orsay France Y proton 230 [Cyc] 3 1 2010 
Cyc: Cyclotron; N: no; SCC: Synchrocyclotron; Syn: synchrotron; Y: yes 
Source: Particle Therapy Cooperative Group, URL: http://ptcog.web.psi.ch/ (last accessed 
06/16/2008).   
 
Also, Tufts Medical Center (Boston, MA, USA) announced plans to start building a particle beam 
facility.  
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Appendix G (Summary Table) 
Summary Table. Summary of the 8 items of section C per type of cancer 

Cancer Type,  
Histology  

Patient 
populations 

Available study 
types 

Instrumentation 
and algorithms 

Characteristics of 
particle beam 
(range of means or 
medians) [doses in 
GyE] 

Prior or 
concurrent 
interventions  

Efficacy 
(number of 
studies 
reporting 
outcome) 

Serious harms 
(excluding those 
attributed to co-
interventions by 
authors) 

Ocular        
Uveal melanoma  
 
(melanoma of the 
choroid, ciliary body, 
iris) 

Ages: 35-66 
Males: 20-64 
Enrolled: 1975-
2006 
 
Variety of 
locations and 
sizes – 
metastasis a 
baseline and 
bilateral location 
excluded in most 

11 centers 
91 studies 
Non-comparative:  
• 4 P: n=50-2645 
• 81 R: n=14-1922 
 
Comparative, RCT 
(3): 
Sizes: 136-188 
• Higher (70 GyE) 

vs lower (50 
GyE) proton 
dose 

• Protons + laser 
TTT vs protons 

• He ions vs I-125 
 
Comparative, 
nonRCT (7): 
Sizes: 56-1272 
• Proton vs 

enucleation 
• Proton vs I-125 

or Ru-106 
• Proton vs Proton 

+ laser TTT 
• He ion vs I-125  
 

• No details on 
instrumentation 

• No details on 
algorithms 

 
Other: 
• Use of 

tantalum 
markers to 
demarcate 
tumor on the 
sclera  

• Specialized 
software 
(EYEPLAN) 

Protons (68), He 
(21), Carbon (2): 
• Dose: 45-80 

(majority 60-70)  
• Fractions: 4-5 
• Unit dose: 13-16  
• Duration: 1-2 wk 
 

Prior Tx: 
Surgical excision 
(1) 
Proton or photon 
RT (1)  
 
Concurrent Tx: 
TTT (1) 

Follow-up: 
Survival: 
• OS (40); 

CSS (37) 
Local control 
(37): 
• Local 

control, 
recurrence, 
response to 
Tx  

 
Other (24): 
Metastasis 
Eye retention  
Visual loss 
Visual acuity 
Tumor size 

[Most studies do not 
explicitly distinguish 
acute from late] 
 
Late:  
• Enucleation 

(secondary to 
complications) 

• Neovascular 
glaucoma 

• Rubeosis iridis 
• Radiation 

maculopathy 
• Radiation 

papillopathy 
• Cataract 
• Phthisis bulbi 
 



Cancer Type,  
Histology  

Patient 
populations 

Available study 
types 

Instrumentation 
and algorithms 

Characteristics of 
particle beam 
(range of means or 
medians) [doses in 
GyE] 

Prior or 
concurrent 
interventions  

Efficacy 
(number of 
studies 
reporting 
outcome) 

Serious harms 
(excluding those 
attributed to co-
interventions by 
authors) 

Head and neck        
chordoma, 
chondrosarcoma, or 
chondroid cancer 

Ages: 13-66 
Males: 34-73% 
Enrolled:  
1974-2005 
Various: 
previously 
treated & 
untreated; 
chordoma, 
chondrosarcoma, 
also a few 
meningioma, 
osteosarcoma, & 
others 

8 centers 
33 studies 
Non-comparative: 
• 2 P: n=37, 67 
• 28 R: n=10-223 
 
Comparative: 
1 RCT(different 
doses): n=96 

Most studies 
report using 
“treatment 
planning system” 

He (1); proton (21); 
C (7); Ne or C or He 
or Si (2); ND (2) 
• Dose: 45-74  
• Fractions: 8-57 
• Unit dose: 1.4 to 4  
Duration: 3-12 wk 

Prior Tx:  
surgery (11); 
Photon (2); ND 
(20) 
 
Concurrent Tx: 
photon (9); 
surgery (5); ND 
(18) 

Follow-up: 9-72 
mo 
Survival: 
• OS (26); 

CSS (18); 
ND (6) 

Local control: 
(24); ND (9) 
 

Acute: 
moderate hearing 
loss; gr 3 mucositis 
 
Late: 
brain edema, cranial 
nerve deficit, fat 
necrosis, 
hemiparesis, visual 
loss, osteitis, basilar 
artery injury, pituitary 
dysfunction, fatal 
complications, 
seizure, radiation 
necrosis of brain 
stem, radiation 
transaction of the 
cord, short-term 
memory loss, 
somnolence, 
depression, severe 
hearing loss, 
↓psychomotor 
performance, 
temporal muscle 
fibrosis, brain 
ulceration, optic 
neuropathy, breast 
cancer 

glial cell tumor 
(astrocytoma, 
glioblastoma 
multiforme) 

Ages: 6-55 
Males: 41-71% 
Enrolled:  
1977-2002 
Various: 
previously 
treated & 
untreated; 
astrocytoma, 
glioblastoma 
multiforme, 
glioma, also a 
few meningioma 

4 centers 
9 studies 
Non-comparative: 
• 2 P: n=20, 48 
• 6 R: n=7-93 
 
Comparative: 
1 RCT(different 
doses): n=15 

Most studies 
report using 
“treatment 
planning system” 

Proton (7); C (1) 
• Dose: 54-77  
• Fractions: 33-77 
• Unit dose: 1.4 to 4 
Duration: 7-10 wk 

Prior Tx:  
chemo (2); 
Photon (2) 
 
Concurrent Tx: 
photon (6); 
surgery (3) 

Follow-up: 5-39 
mo 
Survival: 
• OS (6); CSS 

(5); ND (1) 
Local control: 
(5); ND (3) 
 

Acute: 
gr 3 
thrombocytopenia, gr 
4 neurologic findings 
(minor?), gr 3 acute 
otitis media 
 
 
Late: 
radiation necrosis 
requiring surgery, 
seizure, cataract, 
pituitary deficiency, 
Moyamoya disease  



Cancer Type,  
Histology  

Patient 
populations 

Available study 
types 

Instrumentation 
and algorithms 

Characteristics of 
particle beam 
(range of means or 
medians) [doses in 
GyE] 

Prior or 
concurrent 
interventions  

Efficacy 
(number of 
studies 
reporting 
outcome) 

Serious harms 
(excluding those 
attributed to co-
interventions by 
authors) 

Other head & neck 
(including 
oropharyngeal but 
not ocular) tumors  

Ages: 12-65 
Males: 22-74% 
Enrolled:  
1973-2005 
 
neuroblastoma, 
melanoma, 
liposarcoma, 
malignant 
meningioma, 
squamous, 
adenocystic, 
neuroendocrine, 
mesenchymal 
tumor 
 

6 centers 
15 studies 
Non-comparative: 
• 3 P: n=19-36 
• 11 R: n=14-152 
 
Comparative: 
Non-randomized 
(SFRT or IMRT 
alone vs with 
carbon particles): 
n=63 
 
 

Most studies 
report using 
“treatment 
planning system” 

Proton (8); C (6) 
• Dose: 20-76  
• Fractions: 11-45 
• Unit dose: 1.4 to 4 
Duration: 6-11 wk 

Prior Tx:  
chemo (2); 
Surgery (7) 
 
Concurrent Tx: 
photon (4); 
surgery (1); 
chemo (5) 

Follow-up: 12-
90 mo 
Survival: 
• OS (13); 

CSS (7); ND 
(2) 

Local control: 
(13); ND (2) 
 

Acute: 
phrenic nerve 
paralysis, 
hemianopsia, 
cognitive deficits, 
seizure, focal 
necrosis with mass 
effect requiring 
surgery, gr 3 
mucositis, tongue 
ulceration leading to 
fistula, recurrent 
bacterial infection & 
difficulties in wound 
healing (had 
reconstruction of orbit 
with a metal implant 
prior to radiation Rx) 
 
Late: 
vocal cord paralysis, 
epiglottitis, brain 
damage & necrosis, 
CSF leak with 
meningitis, visual 
loss, myelitis, 
osteonecrosis, 
esophageal stenosis, 
paresis, memory 
loss, pituitary 
deficiency, seizure, 
ocular paralysis, 
hearing loss, 
cerebellar syndrome, 
paresis of the 
trigeminal nerve 
 

Spine        



Cancer Type,  
Histology  

Patient 
populations 

Available study 
types 

Instrumentation 
 

Characteristics of 
particle beam 
(range of means or 
medians) [doses in 
GyE] 

Prior or 
concurrent 
interventions  

Efficacy 
(number of 
studies 
reporting 
outcome) 

Serious harms 
(excluding those 
attributed to co-
interventions by 
authors) 

and algorithms

Spine & sacral 
cancer (chordoma 
(4), glioblastoma 
(1), others (4)) 

Ages: 45-66 
Males: 53-86% 
Enrolled:  
1976-2003 
Various: 
previously 
treated & 
untreated; 
chordoma, 
chondrosarcoma, 
osteosarcoma, 
giant cell 

4 centers 
9 studies 
Non-comparative: 
• 1 P: n=23 
• 8 R: n=14-85 
 
Comparative: 
None 

• No details on 
instrumentation 

• No details on 
algorithms 

 
Other: 
• Specialized 

software (e.g., 
HIPLAN) 

He (1); Ne (1); 
proton (4); C (1); Ne 
& He (1); ND (2) 
• Dose: 23-94  
• Fractions: 16-37 
• Unit dose: 1.8-4.6  
Duration: 4-14 wk 

Prior Tx:  
surgery (3); 
chemo (1); 
Photon (2); ND 
(4) 
 
Concurrent Tx: 
photon (5); 
surgery (3); ND 
(2) 

Follow-up: 20-
65 mo 
Survival: 
• OS (9); CSS 

(4); ND (1) 
Local control: 
(8); ND (2) 
 

Acute: 
≥Gr 3 skin reaction 

 
Late: 
radiation injury 
leading to colostomy; 
brain stem, spinal 
cord, brachial plexus 
injury; visual 
complications; 
enucleation; 
osteonecrosis; 
secondary 
malignancy 
 

Gastrointestinal        
Gastrointestinal 
cancer (esophagus 
(3), pancreas (2), 
bile duct (2), 
unspecified (1)) 

Ages: 59-74 
Males: 32-87% 
Enrolled:  
1975-1998 
Various: 
squamous, 
adenocarcinoma, 
well & poorly 
differentiated 

2 centers 
8 studies 
Non-comparative: 
• 2 P: n=46, 94 
• 3 R: n=11-68 
 
Comparative: 
RCT (1): 
•  [Pancreas] He 

RT vs photon 
RT: 49  

 
non-RCT (2): 
• [Bile duct] 

Surgery + 
Photon RT vs 
Surgery + Proton 
RT: 22 

• [Bile duct] 
Photon RT vs 
Proton RT: 62 

• No details on 
instrumentation 

• No details on 
algorithms 

 
Other: 
• Use of iridium 

markers to 
facilitate better 
localization of 
tumor 

•  Specialized 
software (e.g., 
LBL’s 
treatment 
planning 
system) 

He (3); proton (2); 
Ne & He (2) 
• Dose: 32-81  
• Fractions: 30-32 
• Unit dose: 1.8-3.5 
Duration: 8-10 wk 

Prior Tx:  
surgery (2); 
chemo (1); ND 
(2) 
 
Concurrent Tx: 
chemo (2); 
photon (2); 
brachy (2); ND 
(2) 

Follow-up: 7-73 
mo 
Survival: 
• OS (7); CSS 

(4); ND (1) 
Local control: 
(6); ND (2) 
 

Acute: 
GI bleed; ≥Gr 3 
esophagitis; 
cytopenia, fibrosis; 
radiation pneumonitis 

 
Late: radiation 
enteritis requiring 
surgery; esophageal 
ulceration requiring 
IV alimentation 
 



Cancer Type,  
Histology  

Patient 
populations 

Available study 
types 

Instrumentation 
 

Characteristics of 
particle beam 
(range of means or 
medians) [doses in 
GyE] 

Prior or 
concurrent 
interventions  

Efficacy 
(number of 
studies 
reporting 
outcome) 

Serious harms 
(excluding those 

ttribu -
interve  
author

and algorithms
a ted to co

ntions by
s) 

Liver, HCC Ages: 60-81 
Males: 54-83% 
Enrolled: 
1985-2006 
 
Patients 
ineligible for 
other Tx 
strategies 

4 centers 
13 studies 
 
Non-comparative 
• 3 P: n=24, 30, 

34 
• 10 R: n=12-162 
 
Comparative  
• None 
 

• No details on 
instrumentation 

• No details on 
algorithms 

 
Other: 
• Use of iridium 

markers to 
facilitate better 
localization of 
tumor 

• Specialized 
software (e.g., 
PT-
PLAN/NDOSE, 
CANVAS 8) 

Protons (12) & 
Carbon (1)  
• Dose: 50-80  
• Fractions: 15-30 
• Unit dose: 2.0-9.0  
• Duration: 3-9 wk 
 

Prior Tx:  
Surgery (4) 
TACE (6) 
PEI (4) 
Proton RT (2) 
Ablation (2) 
Photon RT (1) 
None (2) 
ND (5) 
 
Concurrent Tx: 
TACE (2) 
None (7) 
ND (4) 
  

Follow-up: 11-
71 mo 
Survival: 
• OS (11); 

CSS (10) 
Local control 
(8): 
• local control 

rate 
Other (5) 
• response 

rate 
• metastasis 

 

Acute: 
• ↓WBC, ↓PLT 
• ↑Total Bilirubin 
• ↑AST/ALT 
• Hepatic failure 

 
Late:  
• Infectious biloma 
• Common bile duct 

stenosis 
• GI bleeding 
• Hepatic failure 



Cancer Type,  
Histology  

Patient 
populations 

Available study 
types 

Instrumentation 
and algorithms 

Characteristics of 
particle beam 
(range of means or 
medians) [doses in 
GyE] 

Prior or 
concurrent 
interventions  

Efficacy 
(number of 
studies 
reporting 
outcome) 

Serious harms 
(excluding those 
attributed to co-
interve tions by 
author

n
s) 

Pelvis        
Prostate cancer 
 
Adenocarcinoma 

Ages: 67-73 
Males: 100% 
Enrolled: 
1972-2004 
 
Patients with T1-
4 +/- regional 
lymphnode 
metastasis 

5 centers 
19 studies 
 
Non-comparative 
• 3 P: n=30-175 
• 10 R: n=16-1255 
 
Comparative, 
RCT: 3 (n=191-
393) 
• Photon RT plus 

standard dose 
vs. high-dose 
proton boost RT  

• Photon RT plus 
photon boost RT 
vs. proton boost 
RT 

• Photon RT plus 
photon boost RT 
vs. proton boost 
RT 

 
Comparative, non-
RCT: 2 
(n=180-185) 
•  Photon RT plus 

photon boost RT 
vs. proton boost 
RT 

• Watchful waiting 
vs. surgery vs. 
standalone 
photon RT vs. 
photon RT plus 
proton boost RT 
vs. standalone 
proton RT   

 

• No details on 
instrumentation 

• No details on 
algorithms 

 
Other: 
• Use of iridium 

markers to 
facilitate better 
localization of 
tumor 

• Specialized 
software (e.g., 
HIPLAN, 
modified 
MGH 3-D 
planning 
system, 
FOCUS-M) 

Protons (15) & 
Carbon (4) 
• Dose: 54-80  
• Fractions: 20-44 
• Unit dose: 1.8-3.6 
• Duration: 5-9 wk 
 

Prior Tx:  
None (12) 
ND (7) 
 
Concurrent Tx: 
Hormornal (7) 
Photon RT (13) 
  

Follow-up: 30-
157 mo 
Survival: 
• OS (8); CSS 

(6) 
• biochemical 

disease-free 
survival (7) 

Local control 
(9): 
• local control 

rate 
Other (0) 
 

Acute: 
• Proctitis 
• Urinary tract 

complication 
(unclear) 

 
Late:  
• GI bleeding  
• Cystitis, hematuria, 

urethral strincture, 
dysuria) 



Cancer Type,  
Histology  

Patient 
populations 

Available study 
types 

Instrumentation 
and algorithms 

Characteristics of 
particle beam 
(range of means or 
medians) [doses in 
GyE] 

Prior or 
concurrent 
interventions  

Efficacy 
(number of 
studies 
reporting 
outcome) 

Serious harms 
(excluding those 
attributed to co-
interventions by 
authors) 

Bladder cancer 
 
Transitional and/or 
squamous cell 
carcinomas 

Ages: 55-72 
Males: 80-87% 
Enrolled:  
1985-1999 
 
Various patients 
with size T2 or 
greater 

1 center 
3 studies 
Non-comparative: 
• 2 P: n=25, 35 
• 1 R: n=15 
 
Comparative  
• None 

ND Protons  
(add-on therapy) 
• Dose: 74-85  
• Fractions: 24-34 
• Unit dose: 1.8-3.0 
• Duration: ND 

Prior Tx:  
None (2), ND (1) 
 
Concurrent Tx: 
Resection + 
photon RT + 
chemotherapy  

Follow-up: 21-
57 mo 
Survival: 
• OS (3); CSS 

(3) 
Local control: 
(3): 
• Recurrence-

free survival, 
local control 
rate 

Other (1): 
• Bladder 

conservation  

Acute: 
None 
 
Late:  
Macrohematuria 
requiring surgery 
 

Uterine cancer Ages: 56-64 
Males: 0% 
Enrolled:  
1983-2005 
Various: both 
previously 
treated & 
untreated 
patients 

2 centers 
5 studies 
Non-comparative: 
• 2 P: n=31, 44 
• 2 R: n=15, 25 
 
Comparative, non-
RCT: 1 
• Carbon RT vs 

Photon RT & 
brachytherapy: 
49 

ND Protons (2) & 
Carbon (3) 
• Dose: 62-88  
• Fractions: 24-30 
• Unit dose: 1.8-4.0  
Duration: 6-8 wk 

Prior Tx:  
ND (5) 
 
Concurrent Tx: 
photon (2), ND 
(3) 

Follow-up: 26-
139 mo 
Survival: 
• OS (4); CSS 

(3) 
Local control: 
(5): 
• Recurrence-

free survival, 
local control 
rate 

Other (x): 
 

Acute: 
None 

 
Late:  
hemorrhagic cystitis 
needing surgery; 
intestinal perforation; 
fistulas (vesico-
vaginal, recto-
vaginal, sigmoid-
vesico) 
 

Others        
Skin cancers  
 
Bowen, oral 
verrucous 
carcinoma, 
squamous cell 
carcinoma  

Ages: 73 
Males: 83% 
Enrolled: ND 
 
Refused surgery 
for primary 
disease 

1 center 
1 study 
Non-comparative 
• 1 P: n=12 
 
Comparative  
• None 

ND Protons  
• Dose: 55 
• Fractions: 5 
• Unit dose: 10 
• Duration: 1 wk 
 

Prior Tx:  
None  
 
Concurrent Tx: 
None  
 

Follow-up: 49 
mo 
Survival: 
• OS  
• Local 

control: 
• Local control 

rate 
Other  
• Response 

rate 
• Metastasis 

 

Acute: 
• Skin erythema 

 
Late:  
• Skin ulcer 
• fistula 



Cancer Type,  
Histology  

Patient 
populations 

Available study 
types 

Instrumentation 
and algorithms 

Characteristics of 
particle beam 
(range of means or 
medians) [doses in 
GyE] 

Prior or 
concurrent 
interventions  

Efficacy 
(number of 
studies 
reporting 
outcome) 

Serious harms 
(excluding those 

ttribu o-
interve  
author

a ted to c
ntions by
s) 

Bone and soft 
tissue, sarcoma 
 
Chordoma, 
osteosarcoma, 
nerve sheath tumor, 
rhabdomyosarcoma, 
Chondrosarcoma, 
liposarcoma, and 
other types 

Ages: 4-50 
Males: 55-83% 
Enrolled: 
1973-2005 
 
Inoperable 
patients or 
metastatic 
disease 

5 centers 
6 studies 
Non-comparative 
• 14 R: n=12-2371 
 
Comparative  
• None 

HIPLAN 
software (2) 

Spot-scanning 
technology (1) 

ND (3) 

 
Immobilization 
techniques (2) 
ND (3) 

Protons (4) & 
Carbon (2) 
• Dose: 50-69  
• Fractions: 16-28 
• Unit dose: 1.5-3.0 
• Duration: 4-10 wk 
 

Prior Tx:  
Chemotherapy 
(3) 
Surgery (2) 
None (1) 
ND (1) 
 
 
Concurrent Tx: 
Chemotherapy 
(2) 

None (2) 

ND (2) 

 

Follow-up: 6-59 
mo 
Survival: 
• OS (5); CSS 

(3) 
Local control 
(4): 
• local control 

rate 
Other (nd) 
 

Acute: 
• Grade 1 or 2 
• Grade 3 or 4 
• Organ toxicities 

 
Late:  
• osteomyelitis  
• panyhypopituitaris

m & cataract focal 
frontal lobe 
necrosis  

• Acute lymphocytic 
leukemia  

• Failed allograft 
secondary to 
infection  

• DVT and ureteral 
stenosis 

• Radiation recall 
reaction  

• Symptomatic 
subcapsular 
cataract 

• Symptomatic grade 
3 brain necrosis  

Lung, NSCLC 
 
Adenocarcinoma, 
squamous cell 
carcinoma, or large 
cell carcinoma 

Ages: 71-75 
Males: 41-84% 
Enrolled: 
1983-2005 
 
Inoperable 
patients or 
refusal of surgery 
Mostly stage I  

4 centers 
17 studies 
 
Non-comparative 
• 6 P: n=21-79 
• 11 R: n=13-146 
 
Comparative  
• None 
 

• No details on 
instrumentation 

• No details on 
algorithms 

 
Other: 
• Use of iridium 

markers to 
facilitate better 
localization of 
tumor 

• Specialized 
software (e.g., 
HIPLAN) 

Protons (8) & 
Carbon(9)  
• Dose: 51-98  
• Fractions: 10-24 
• Unit dose: 1.8-6.0  
• Duration: 1-9 wk 
 

Prior Tx:  
Lung resection 
(2) 
Chemotherapy 
(1) 
ND (14) 
 
Concurrent Tx: 
None (6) 
ND (11) 

Follow-up: 6-59 
mo 
Survival: 
• OS (13); 

CSS (9) 
Local control 
(11): 
• local control 

rate 
Other (2) 
• response 

rate 
• metastasis 

 

Acute: 
• Pneumonitis 

 
Late:  
• Skin reaction 
• Pulmonary fibrosis 
• Pleural effusion 
 



Cancer Type,  
Histology  

Patient 
populations 

Available study 
types 

Instrumentation 
 

Characteristics of 
particle beam 
(range o ans or 
median  in 
GyE] 

Prior or 
concurrent 
interventions  

Efficacy 
(number of 
studies 
reporting 
outcome) 

Serious harms 
(excluding those 
attributed to co-
interventions by 
authors) 

and algorithms
 f me
s) [doses

Breast cancer 
 

Ages: 46-75 
Males: 0% 
Enrolled:  
2004-2005 
 
Lumpectomized 
cancers 

2 centers 
2 studies 
 
Non-comparative: 
• 2 P: both n=20 
 
Comparative  
• None 
 

• No details on 
instrumentation 

• No details on 
algorithms 

Protons  
• Dose: 32-40  
• Fractions: 4-10 
• Unit dose: 4.0-8.0  
• Duration: 1-2 wk 

Prior Tx:  
None (2) 
 
Concurrent Tx: 
Surgery (2) 
Chemo/hormonal 
Tx (1) 
ND (1) 

Follow-up: 12 
mo 
Survival: 
• OS (1); CSS 

(0) 
Local control 
(1): 
• local control 

rate 
Other (0) 
 

Acute: 
None 

 
Late:  
None   
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