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This technology assessment report is based on research conducted by a contracted technology
assessment center, with updates as contracted by the Washington State Health Care Authority. This
report is an independent assessment of the technology questiale&}ribed based on accepted
methodological principles. The findings and conclusions contained herein are those of the investigators
and authors who are responsible for the content. These findings and conclusions may not necessarily
represent the views ofrte HCA/Agency and thus, no statement in this report shall be construed as an
official position or policy of the HCA/Agency.

The information in this assessment is intended to assist health care decision makers, clinicians, patients
and policy makers in nkang sound evidencbased decisions that may improve the quality and €ost
effectiveness of health care servicésformation in this report is not a substitute for sound clinical
judgment. Those making decisions regarding the provision of health careesesViould consider this

report in a manner similar to any other medical reference, integrating the information with all other
pertinent information to make decisions within the context of individual patient circumstances and
resource availability.

Final

Proton beam therapy reeview: evidence report Page



WA Health Technology Assessment April 15, 2019

Tableof Contents
1K= 10 PPN v
T U= PP NPPPPPPRRP ¥/ ||
FaN o] o1 L=V = 1o ] £ PPPPPPPPPPPPPPPRI iX
EXECULIVE SUMIMIAIY. ...uuiiieeiieeeeiiiee e er e e e e e e e e e e em s e e e e e e e e e et b s e e e e e e e e amnseeeeeeeees ES pagel
AN o o =V 1= | USEP 1
1.1 Background and RatIONEAIE............cooiiiiiiiiiiiiie e e e e e 1
1.2 KEY QUESTIONS. .....uitieiiie e ettt ettt e e e e e s e e e e e e s e e e e e e e e s e e e e e e e e e nnnneeeeeas 2
1.3 OUICOMES ASSESSEA...oiiiiiiiiiiiiie e ettt ettt e e e e e e e eeeeeeeaeeaaaaaaeeens 5
1.4 Washington State Utilization Data.............coeevviiiiiieieeii e 13
P = Tod (o | (0] 0 oo APPSO TP RRPOPTPRTRRPPPNS 20
2.1 Epidemiology and Burden of DISEASE...........cooeeeiiiiiiiiii e 20
2.2 Overview Of Radiation THEIAPY. .......coiiiuiiiiiie e e 20
2.2.1 Potential Harms from Any Form of Radiation Therapy..........ccccccccvvvivvvrvnnnnnnee. 20
2.2.2 Radiation Therapy Planning............ccooiiiiiiiiiiiiiiiiirrree e 21
2.23 Radiation Therapy DeliVEIY.......cccuuiiiiieiiieee e 21
2.3 Physical Properties of Radiation PartiCles................ooo oo iei e 23
2.4 Comparator: Transarterial Chemoembolization................eevviiiiiiiiiiiieee e 25
2.5 Clinical Guidelines, Consensus Statements, & Appropriateness Criteria..................... 25
2.6 Previous Health Technology Assessments & Systematic ReVIEWS............cccceeeeeeeeen.... 28

2.6.1 Summary of Previous HTASRroton Beam Therapy in Adults and Pediatrics..28
2.6.2 Previous Systematic Reviews of Proton Beam Therapy in Adult Populations41
2.6.3 Previous Systematic Reviews of Proton Beam Therapy in Pediatric Populatié®s

2.7 Medicare and Representative Private Insurer Coverage PoliCies...........ccccccovivuvinennnn. 50
3 The Evidence 56
3.1 Methods of the SystematiC LIiterature REVIEW..........c.oocuiriiiiiririiiiiiiee e 56
.11 OBJECHVES ...ceeeiiiee ittt ettt a e e e e e e e e e r e e e e e e aane 56
T A =Y @ 10 1= 1T 56
3.1.3 INCIUSION/EXCIUSION CHtEELAL. ... uvvviiiieeeieeiieiieeeeee et e e 57
3.1.4 Data Sources and Search Strategy..........ocuvreeiieriiriiiiiiie e 61
3.1.5 Data EXIFACHON......ccee et e e e e e e e e e e e e e e e e e e e e e e e e e e eas 63
3.1.6 Quality Assessment: Overall Strength of Evidence, Risk of Bias, & QHES ew8uation
G F0 R A A g =1 65
Final

Proton beam therapy reeview: evidence report Pageii



WA Health Technology Assessment April 15, 2019

A RESUIL ..o
67
4.1 Number of Studies Retained & Overall Quality of Studies...........cccccveiiiiiiiiiiec i 67
4.2 PeIAIIC TUMOIS...iiiiiiiiiiiiiie ettt e sttt e e e s e e e e e s as bbb e e e e e e s e s bbb e e e e e e e s nnnabeeeaeeeas 74
4.2.1 Brain, Spinal, Paraspinal TUMQIS.........cccccviriiiiieeiieeeeeeeeee e ees s eseseeeeeeeenn [ O
4.2.2 Head and Neck (including SKOHSE)............coviiiiiiiiiiiiiie e 98
4.2.3 LYMPROMA....iiiiiiiiiii e e e e e e e e e e e e 100
A @ To U | = T g I o [ - 101
4.2.5 SOft TISSUE SAICOMAS ... .uuuuuuuiuuinrteiieriinrieeieeeerereeeetreeeeataaaaaaaaaeaeaeeaeesaseaanaannns 104
4.2.6 Other Tumors (Bone, Mixed TUMOIS)........coooeiiiiiiiii i eeees 105
G T o [ L A I 0T SRR 107
G T A =1 o [0 [T g @ 1 o =Y PRSPPI 112
4.3.2 BONE TUMOIS ..ottt ettt e ettt r e e e e e e e et eeae bbb s e e e e eaaaeeeennnn 113
4.3.3 Brain, SpinaRaraspinal TUMOIS........ceuiiiiiiiiiieiieeieeeeee e 114
4.3.4 Breast CaNCEL.....ccouuuuuiiii ettt e e e e e e et ee e bbb e e e e aaeeeeenne 126
4.3.5 ESOPhAgeal CanCEL........uuuiiiiiiiiiiiiiiieeieee et 136
4.3.6 Gastrointestinal TUMOIS..........oooiiiiiiii e e e e e e e aaee s 147
4.3.7 Head and Neck (including SKodlse)..................ooo oo 151
4.3.8 LIVE TUIMOIS...cciiiiiiiiiiiiete e e ettt e e e e e sttt e e e e e s st e e e e e e e snab e e e e e s s ansbbeneeeeeeeanns 182
4.3.9 LUNQG CANCEE ...ttt e et e et e e et e e e e e aeaaeaeaaeaa s e s s s s s s s saa s nnnennes 192
4.3 10LYMPRNOMA. ... e e e e e e e e e e 202
B @ Tt U =T U 13T PRSPPI 204
4.3.12PrOStAte CaNnCEY .. .uuuii i e ettt r e e e e e et e e e e e e e aaaaraa 217
4.3.13Benign and MiXed TUMOLS........coooiiiiiiii s e e e e e e e e e e e e e e aaaaaas 228
5 Strength of EVIAENCE (SOE).......coo oo 233
5.1 Strength of Evidence Summary: Pediatric TUMOIS.............oooeieiiiiciiniiiiinirereeeee e 234
5.1.1 Strength of Evidence Summary for Pediatric Brain, Spinal, and Paraspinal Tumors for
Effectiveness and Safety.........cccuuiiiiiiiiiiiiiiiiiieeecee e 234
5.1.2 Strength of Evidence Summary for Pediatric Head and Neck Tumors for Effectiveness
AN SATELY. ..ee it 240
5.2 Strength of Evidence Summary: Adult TUMOIS........cccciiiiiiiiiiiiiiiiiieereere e aeee e 242
5.2.1 Strength of Evidence Summary for Adult Brain, Spinal, Paraspinal Tumors for
Effectiveness and Safely...........uuviiiiiiiiiiiiieee e 242
5.2.2 Strength of Evidence Sumary for Adult Breast Cancer for Effectiveness....... 245
5.2.3 Strength of Evidence Summary for Adult Esophageal Cancer for Effectiveriz$s
5.2.4 Strength of Evidence Summary for Adult Esophageal Cancer for Safety.....252
5.2.5 Strength of Evidence Summary for Adult Gastrointestinal (Pancreas) Cancer for
Effectiveness and Safely..........c.uuviiiiiiiiiiiiieee e 256
Final

Proton beam therapy reeview: evidence report Pageiii



WA Health Technology Assessment April 15, 2019

5.2.6 Strength of Evidence Summary for Adult Head and Neck Tumors for Effectiveness and

S To (=] |/ PP PP PP PPPPP 258
5.2.7 Strength of Evidence Summary for Skalse Head and Neck Cancer for Effectiveness
...................................................................................................................... 263

5.2.8 Strength of Evidence Summary for Adult Liver Tumors for Efficacy and.Saf286
5.2.9 Strength of Evidence Summary for Adult Lung Calocdtfficacy/Effectiveness and

T 1= 1/ PPPPPPR 269
5.2.10Strength of Evidence Summary for Adult Ocular Tumors for Effectiveness and Safety
...................................................................................................................... 273
5.2.11Strength of Evidence Summary for Adult Prostate Cancer for Effectiveness and Safety
...................................................................................................................... 276
S U= =T =T Tt 282
Final

Proton beam therapy reeview: evidence report Pagev



WA Health Technology Assessment April 15, 2019

Tables

Table 1. Outcome measures reported on in included studies..............ooooiiiiciiiiiiiiiieeeeeee e 5

Table 2. Summary of proton beam theraggommendations by cancer type across guidelines,
appropriateness criteria, CMS coverage, and payer poliCies.............ccccceeeeeiiiiiiiceccnns 26

Table 3. Previous Healffrechnology Assessments of PBT in adult and pediatric populatians......28

Table 4. Summary of Previous Systematic Reviews of PBT in AnlUteos.................cvvvveeieveenne.. 41

Table 5. Summary of Previous Systematic Reviews of PBT in Pediatric Populatians.................. 48

Table 6. Overview of Medicare and Payer POICIES..........c.uvviiiiiiiie e 51

Table 7. Summary of inclusion and exclusion CHEIIA...........ccccvvriiiiiiiiiiieeeer e 58

Table 8. Summary of strength of evidence, direttd benefit and general comparison of the 2014 and
P20 R =T o T U TRTRR PP 70

Table 9. Overview of included studies in pediatric patients by twwat@gory..................ccoe oo eeeeenns 74

Table 10. Study and patient characteristics from comparative studies reporting on effectiveness only and
effectiveness andafety: Pediatric brain tUmOLS..........cooooiiiiiiiiiiiiiniieee e 79

Table 11. Study and patient characteristics from comparative studies reporting on safeti edilric
DPAIN TUMOTS. ..t e et e e e e e s bbb e e e e e e e e s anab e e e e e e e e anseees 81

Table 12. Summary of economic studies comparing PBT with conventional RT in pediatric patients with
Drain OF CNBUMOIS. ...oii it e e e e e e s e e e e e e e e e e nnnneeees 95

Table 13. Study and patient characteristics from comparative studies reporting on effectiveness or safety:
Pediatric head andeCK tUMOIS........uuuuiiiiiiiiiee et e e e e esa s eeeeeeees Q9

Table 14. Study and patient characteristics from comparative studies reporting on effectiveness or safety:
PediatriC OCLAI TUMOIS ... .ciii ittt e ettt s s e e e e e b e e e e s s snnsrnaeeeeeeaanns 102

Table 15. Overview of comparators (by tumor type) for adult populations evaluated in the 2014 report
aNd iN thiS 2019 FBEVIEW..........vviiiiie e et e ettt e e e e et e e e e e s st e e e e e e s e nnsbreeeeaeenanns 110

Table 16. Summary of included studies in adult patients by tumor type: 2EYigw..................... 111

Table 17. Study and patient characteristics from comparative studies reporting on effectiveness and
safety: Adult Brain, Spinal, & Paraspinal TUMOIS...........uuuviiiiiiiieiiieiieeieeeeeeeeeee e, 116

Table 18. Study and patient characteristics from comparative studies reporting on effectiveness only or
safety only: Adult Brain, Spinal, & Pspaal TUMOIS..........cooiiiiiiiiieiiiiiieeeee e 117

Table 19. Safety Results from Retrospective Comparative Cohort Studies in Adults with Brain, Spinal, or
ParaspiNal TUIITS..........uiiiiiie it e e e e e e e e e s st e e e e e e e s asnneeeeaeeas 125

Table 20. Study and patient characteristics from comparative studies reporting on effectiveness only and
effectiveness and safy: Breast CanCel.........ccoovviiiiiiiiiiciee s 128

Table 21. Summary of the economic study comparing PBT with conventional RT in breast cancer patients
..................................................................................................................................... 134

Table 22. Esophageal Cancer in Adults: Study Characteristics and Demographics for Studies Comparing
PBT versus Photon RT for CURBRIIMENL...........cvviiiiiiieiiiiiceeccee e 137

Table 23. Morality from Retrospective Comparative Cohort Studies Comparing PBT versus Photons (IMRT,
3D-CRT or XRT) for@tive Intent in Adults with Esophageal Cancer..................coveee. 142

Table 24. Pancreatic Cancer in Adults: Study Characteristics and DemographiRstfospective Cohort
Comparing PBT versus HART for Curative INteNt.............cevvvvvvieiiiiiiiiiiiiiieeeeeeeeee e, 148

Final

Proton beam therapy reeview: evidence report Pagev



WA Health Technology Assessment April 15, 2019

Table 25. Other Primary and Secondary Outcomes from the Retibgp€ohort Study Comparing PBT

versus HART for Curative Intent in Patients with Pancreatic Cancer................cccc...... 149

Table 26. Radiatierelated Toxicity from the Retrospective Cohort Study Comparing PBT versus HART for
Curative Intent in Patients with Pancreatic CanCer............cccccveeiiiiiiiiiiiee e 150

Tabk 27. Study and patient characteristics from comparative studies reporting on effectiveness and
safety: Head and Neck (including Skabe) CanCers............occcvvviiiiiiiiiiieeeee e 153

Table 28. Study and patient characteristics from comparative studies reporting on effectiveness only or
safety only: Head and Neck (including Skalle) cancers.............ccooeeciciiniiiiiiiieeieeeeen. 156

Table 29. Incidence of Osteoradionecrosis in One Retrospective Cohort Study Comparing PBT versus IMRT
for Curative Intent in Patients with Primary Oropharyngeal Cancetr..................cccue..... 173

Table 30. Complications following PBT compared with surgery in one retrospective cohort study
evaluating patients treated for skelase chondrosarcoma...................co oo eeeeeeccccinnns 177

Table 31. Summary of the economic study comparing PBT with IMRT in patients with oropharyngeal
SQUAMOUS CEIl CAICINOMUAL......eviiiieeiiiiiiii e e ettt e e e e e s r e e e e e sbb e e e e e e e annnes 180

Table 32. Liver Cancer in Adults: Study Characteristics and Demographics for Comparative Studies
Comparing PBT versus TACE and Photon RT for Curative.Intent...........cccccoeeeeeee.... 184

Table 33. Summary of the economic study comparing PBT with SBRT in patients with advanced,
inoperable hepatocellular CarCiNnOMa.............ccooviiiiiiii e 190

Table 34. Lung Cancer in Adults: Study Characteristics and Demographics for Studies Comparing PBT
versus Photon RT for Curative INTENL...........oovviieei e 194

Table 35. Outcomes related to tumor control in comparative studies evaluating PBT versus IMRT for
curative intent in adults WithuNg CANCEL..........uviviiiiiiiiiieeecee e, 198

Table 36. Toxicity outcomes from comparative studies evaluating PBT versus IMRT for curative intent in
o To (U1 ey N [T o= T T =Y 200

Table 37. Ocular Tumors in Adults: Study Characteristics and Demographics for Studies Comparing PBT
versus Photon RT fOUGLIVE INtENT.........ovviiiiiiiiieeeee e 205

Table 38. Visual Acuity Outcomes from Retrospective Cohort Studies Comparing PBT for Curative Intent
with Brachytheapy or Stereotactic Radiosurgery for Primary Ocular Tumors in Adult210
Table 39. Summary of the economic study comparing PBT wittieation in patients with intraocular

a1 =T a0 o = RO PEPPR 216
Table 40. Prostate Tumors in Adults: Study Characteristics and DemograpBitgifes Comparing PBT
versus Photon RT for Curative INTENL............ovviieei e 219
Final

Proton beam therapy reeview: evidence report Pagevi



WA Health Technology Assessment April 15, 2019

Hgures

Figure 1.
Figure 2

Figure 3.
Figure4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Figure 15.

Figure 16.

ANAIYEIC FraMEWOIK. .....oiiiiiiiiiiie et e e e e e e s e e e e e s aannes 4

Adapted from Levin WP, Kooy H, Loeffler, DeLaney TF. Proton Beam Therapy. BR J Cancer.

2005; 93(8):8ABOA......eeeeeiiieie et 24
CONSORT Diagramflow Of STUAIES..........cueiiiiiiiiiieiee e 62
Probability of overall survival in comparative studies of PBT versus other type of radiation
therapy in children with brain tUMOLS.............ooooo e 83
Progressiorfree survival and tumor recurrence in comparative studieBBT versus other
type of radiation therapy in children with brain tumors......................cccee i, 84

Endocrinerelated (late) toxicities and advee events reported in comparative studies of PBT
versus other type of radiation therapy in children with brain tumars.......................... 87

Toxicities and adverse events reported in comparative studies of PBT versus othef type
radiation therapy in children with brain tumors..............ccooociiiieeeeee e, 88

Probability of OS and PFS in a Retrospective Cohort Study of PBTPyesusTherapy for
AdUIES With Brain TUMOIS.....ccoiiiiiiiiiie et 120

Probability of OS from Retrospective Cohort Studies Comparing Definitive
Chemoradiotherapy using PBT versus IMRT for Curative Intent in Adults with Esophageal

Probability of PFS/DFS ifnoRetrospective Cohort Studies Comparing Definitive
Chemoradiotherapy using PBT versus IMRT for Curative Intent in Adults with Esophageal
LOF= 1o (o1 ST PP PPTPRP 141

Probability of DMFS and LRFFS from Retrospective Cohort Studies Comparing Definitive
Chemoradiotherapy using PBT versus IMRT for Curative Intent in Adults with Esophageal
LOF= 1o (o] SR TP TP 143

Safety Outcomes from Retrospective Cohort Studies Comparing PBT versus IMRT* for
Curative Intent in Adults with Esophageal Cancer.............cccvveveieiiniiiiiieeeeeeiiieenn 145

Safety Outcomes from Retrospective Cohort Studies Comparing PBT veiGRI 3D XRT*
for Curative Intent in Adults with Esophageal Cancer............cccccooviiiieeieeiiiiiieeeen. 146

Probability of OS and PFS from Retrospective Cohort Studies Comparing PBT versus IMRT for
Curative Intent in Adults withlead and NeCK CanCerS........ccovveuiiiiiieeeeeeeeee e 162

Probability of Local and Distant Control from Retrospective Cohort Studies Comparing PBT
versusIMRT for Curative Intent in Adults with N&@kultbase Head and Neck Cancersl65

Acute Toxicity and Adverse Events fromrBgpective Cohort Studies Comparing PBT versus
IMRT for Curative Intent in Adults with Various Nekull base Head and Neck Cancei&8

Final

Proton beam therapy reeview: evidence report Pagevii


file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233980
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233981
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233981
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233982
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233983
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233983
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233984
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233984
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233985
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233985
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233986
file:///C:/Users/aai/OneDrive/AAI/PBT%20HTA/!%20%20Report%20Updates/!%20UPDATED%20ES,%20DRAFT%20REPORT,%20&%20DRAFT%20APPENDICIES/PBT%20REPORT%20DRAFT%203.0.docx%23_Toc6233986

WA Health Technology Assessment April 15, 2019

Figure 17.

Figure 18.

Figure 19.

Figure 20.

Figure 21.

Figure 22.

Figure 23.

Figure 2.

Figure 25.

Figure 26.

Figure 27.

Late Toxicity and Adverse Events from Retrospective Cohort Studies Comparing PBT versus
IMRT for Curative Intent in Adults with Primary Oropharyngeal or Nasopharyngeal Cancer.

The Frequency of Gastrostomy Tube Dependence Following PBT Compared with IMRT for
Curative Intent in Adults with Various N&kull Base Head and Neck Cancers.......... 172

Diseasespecific and progressidinee survival following surgery with and without adjuvant
PBT from a retrospective cormptive study of patients with sktllase chondrosarcomh?5

Probability of OS from One RCT and Four Retrospective ColndigsSComparing PBT versus
Photon RT for Curative Intent in Adults with Lung cancer............ccccccvvvveeeeiiniiinnen. 197

Probability of OS and Risk of Mortality in Retrospective Cohort Studies of PBT for Curative
Intent versus Brachytherapy or Stereotactic RadiosurganAdults with Ocular Tumora09

Tumor Recurrence and Metastasis Rates in Retrospective Cohort Studies of PBT for Curative
Intent versus Brachytherapy or Stereotactic Radiosurgery for Adults with Ocular Taddors.

Adverse Events in Retrospect@ehort Studies of PBT for Curative Intent versus
Brachytherapy or Stereotactic Radiosurgery for Adults with Ocular Tumors............ 213

Probability of OS and BRFS in a QR&asT Comparing Photons + PBT Boost with Photons
alone for Curative Intent for Adults with Prostate Cancer.............ccccvvvvvvveveeeeeeeeennnn. 222

Frequency of Gastrointestinal and Genitourinary Toxicity in a R@%$i Comparing Photons
+ PBT Boost with Photons alone for Curative Intent for Adults with Prostate Cance224

Frequency of Gastrointestinal and Genitourinary Toxicity across Two Retrospective Cohorts
Comparing PBT with IMRT for Curative Intent for Adults with Prostatee€Can............ 225

Frequency of Gastrointestinal and Genitourinary Toxicity in a Retrospective Database Study
(Pan et al.) Comparing PBvith IMRT for Curative Intent for Adults with Prostate Ca@2ér

Final

Proton beam therapy reeview: evidence report Pageviii



WA Health Technology Assessment April 15, 2019
Abbreviations
AE: adverse event
Ct confidence interval
CGE: Cobalt Gray Equivalent (unit)
cGy: Centigray (unit)
CR: Complete Response
CSl: Craniospinal Irradiation
Css: CauseSpecific Survival
CT: computed tomography
CTCAE: Common Terminology Criteria for Adverse Events
DFS: diseasefree survival
DSPBT: DoubleScattering Proton Beam Therapy
DSs: DiseaseSpecific Survival
EFS: eventfree survival
FFDM: Freedom from Distant Metastases
FSRT: Fractionated stereotactic radiation therapy
F/U: follow-up
Gy: Gray (unit)
GyE: GrayEquivalents (unit)
Gy(RBE): Gray Relative Biological Effectivenesstjun
HART Hyperfractionated acceleration radiotherapy
HR hazard ratio
IMRT: Intensity Modulated Radiation Therapy
IMPT. Intensity Modulated Proton Therapy
MDASI MD Anderson Symptom Inventory
MRI: Magnetic Resonance Imaging
NC not calculable
NHL: Non-Hodgkin lymphoma
NR not reported
NS not statistically significant
OR: odds ratio
os: overall survival
PBS: Pencil Beam Scanning
PBT: Proton Beam Therapy
PD: Progressive Disease
PFS: progressiodfree survival
PR: Partial Response
PSPBT: PassiveScdter Proton Beam Therapy
QoL: Quality of Life
RCT randomized controlled trial
RD: risk difference
RFS: relapse or recurrencefree survival
RN: Radiation Necrosis
RoB: risk of bias
RR risk ratio
RT radiation therapy
Final
Proton beam therapy reeview: evidence report Pageix



WA Health Technology Assessment

April 15, 2019

RTOG

SBRT:

SE:
SD
SD

TACE:

TFS:
WHQ

Radiation Therapy Oncology @m
Stereotactic Body Radiation Therapy
standard error

standard deviation

Stable Disease

Trans arterial chemoembolization
Toxicity Free Survival

World Health Organization

Final

Proton beam therapy reeview: evidence report

Pagex



WA Health Technology Assessment April 15, 2019

Executive Summary

Introduction

Overall, it is estimated that 1.7 million new cases of cancer are diagnosed yearly and cancerous
conditions are responsible for over half a million deaths per §&tming in@ence and survival data

from the Surveillance, Epidemiology, and End Result (SEER) Program and population projections from
the U.S Census Bureau, the National Cancer Institute (NCI) projects the total cost of cancer care in the
United States in 2020 to 174 billion! Treatment options for cancerous and noncancerous conditions
vary depending on the type, location and stage of the conditiath@m include radiation therapy,
chemotherapy, targeted therapy (e.g. inhibitor drugs), immunotherapy (including monoclonal
antibodies) and surgery, or combinations of these treatments. Radiation may be delivered systemically
via radioactive drugs, howevahe two most common forms of radiation therapy are external beam
radiation therapy (EBRT) and brachytherapy (internal radiation therapy). Today, approximately 50% of
all cancer patients benefit from radiation therapy in the management of their diseaté armay be the

sole therapy used’ The focus of this review Wbe to evaluate the safety and effectiveness of Proton
Beam Therapy (PBT), a form of external beam radiation therapy compared with other forms of cancer
treatment. The use of protons for radiotherapy has a history of over 60 years of clinical use.dABasus
initially directed towards conditions where sparing sensitive adjacent normal tissues was considered to
be of utmost importance (such as cancerous or noncancerous malformations of the brain stem, eye, or
spinal cord) or for many pediatric tumors besa of the particular risk of pronounced acute and long

term toxicity in pediatric patients’ PBT may be most promising for tumors in moderate proximity to (>2
cm) organs at risk (OAR). In recent years the use of proton beam therapy (PBT) has expanded to include
a variety of conditions includgha number of cancer types, noncancerous brain tumors and cancerous
conditions afflicting the central nervous system as well as eyes, lungs, liver, prostate, spine, and pelvis.

Radiation therapyRT)involves higkenergy radiation from gamma rays, electron beams, photon beams
or proton beams that breaks the DNA of cancer cells, inhibiting their ability to proliferate. The radiation
may also affect surrounding healthy tissues. Tumor types (and hdatues) vary with regard to their
sensitivity to radiation. A goal of treatment planning is to damage cancer cells while minimizing damage
to surrounding healthy cells including sensitive structures and organs at risk (OARs). Most often
radiation is deliered using external beam radiation therapy (EBRT), a method of externally delivering
radiation using a machine to aim higihergy beams directly at the tumor from outside the body.
Classification of RT may be by the type of beam or particle used (i.oalgghoton or proton) with

photon RT being the most widely available and commonly iB@may be used for a variety of

reasons including to cure a radiosensitive tumor, to shrink a tumoopezatively, to prevent

recurrence or spread posiperatively (adjuvant treatment), to treat a recurrent tumor or as a palliative
treatment. It may be combed with other treatments such as chemotherapy. Radiosensitive tumors for
which RT may be curative include, but are not limited to, prostate cancers, head and neck cancers, and
non-small cell lung cancer. RT in combination with other treatment regimesisnonly used to treat
breast cancer, colon cancer, lung cancers, seminomas, and some cancers of the central nervous system,
among others.

Side effects of radiation therapy occur when healthy tissues in the path of the radiation beam are

damaged; theeffects vary from person to person. A variety of factors impact the location, type, timing

and severity of side effects including the type/method of delivery and dose of radiation, the area of the
02Re& GKFG A& SELIRASR (2 ath Gdndralshatgim sidg Bfedts o LISNA 2 y Q&
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radiation therapy may include fatigue and skin irritation (radiation dermatitis) at the radiation site.
These usually subside after treatment completion. Other side effects (short and longer term) depend on
the sitethat was irradiated and the sensitivity of tissues surrounding the tumor and may range from
mild to lifethreatening. Longerm consequences to radiation therapy are generally rare. Radiation is a
carcinogen and rarely, secondary cancers may occur inteyngcancer survivors who have had
radiation therapy; this is of particular concern in patients receiving radiation at younger ages. The
effects of radiation damage may be more nuanced in children, such as effects on neurocognitive
development, especiallwhen administered to children under 3 years of &Even lowerdose

irradiation of normal tissue in pediatric patients can result in pronodneeute and longerm toxicity.””
Thus the opportunity to limit radiation exposure to normal and developing tissues is important and is
part of radiation planning.

In its earliest applications, RT planning employedyxtechnology to take twalimensional images

(referred to as twedimensionaRT (2DRT) or Conventional RT (CRT) of the tumor location which were
then used to determine how best to position the radiation beams in order to effectively treat the tumor.
Major technological developments in computer and imaging technologies furtheoweprupon the

ability to deliver a consistent radiation dose to irregularly shaped tumors in difficult anatomic locations,
while simultaneously sparing normal tissues from unnecessary radiation. Thus, 2DRT/CRT has largely
been replaced by ThregimensionalConformal Radiation Therapy (3DCRT), which uses-three
dimensional imaging, such as Computed Tomography (CT) scans and Magnetic Resonance Imaging
(MRI), to very accurately map the location and size of the tumor in three dimensions, as well as identify
anycritical OARs. Using these 3D images, beams are then matched very precisely to the shape of the
tumor and delivered from all directior’$. The development dfnear accelerators (LINACs) (for

delivering photons and electrons) and cyclotrons (for delivering protons and other heavy charged
particles) has also contributed to the advancement of EBRT by allowing for the precise delivery of
conventional photon or higifrequency accelerated particles datly to the tumor volumeTwo of the

most common applications are Intensity Modulated Radiation Therapy (IMRT) and Stereotactic
Radiosurgery or Stereotactic Body Radiation Therapy (SBRT). IMRT is a further development of 3DCRT; it
employs the same imagdgmnning and distribution techniques above but goes a step further by altering
the intensity (strength) of the beams being delivered, usually lessening the intensity of the beam near
OARs. This allows for more control of the level of radiation exposungrtousding healthy tissues

while delivering a high dose to the tumor volurfenitially, this technique had only been applied to

photon RT but more recently similar methods have been applied to PBT as well, which is often referred
to as Intensity Modulated Proton Therapy (IMPT). In this review, IMPT was a commaeeiititan for

the treatment of head and neck cancers in adults and IMRT (with photons) was the most common
comparator to PBT for the treatment of brain tumors, esophageal cancers, head and neck tumors, lung
cancer, and prostate cancer. Stereotactic Radicstyrgnd SBRT are similar to IMRT; however, the

beams are delivered in fewer fractions (treatments) and at much higher doses than with IMRT. In
addition to dose per fraction, the planning target volume margins are smaller with SBRT, requiring more
rigid imnobilization. Stereotactic radiosurgery, typically reserved for tumors in the brain and spine, is
usually completed in a single session. SBRT is completed in 3 to 5 sessions and is normally used to treat
larger tumors in areas of the body other than the inta?*%°These techniques are advantageous for
patients who cannot tolerate surgery or have tumors in locations that are difficuénwve.

Stereotactic Radiosurgery and SBRT can be delivered using photons, gamma rays or protons. In the
United States, these techniques are most commonly used with photons and gamma rays. More recently,
the use of these techniques with protons has emerf@atlis only offered at a few research centers in

the United States. In this review, one study compared stereotactic radiosurgery to PBT for the treatment
of ocular (uveal) melanoma.
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With treatment planning and delivery techniques evolving similarly betwesrying types of EBRT, an
important difference between modalities lies within the physical properties of each particle and how
each reacts with tissue inside the body. Particles have different physical properties and thus their
damaging effect on tissuearies.

Photons are uncharged and massless particles that reside within atoms and are characterized by a high
deposit of energy near to the body surface with an exponential decrease of energy release as a function
of depth?* As Figure 1 demonstrates, this has been a challenge for conventional photon therapy due to
the amount of radiation deposited both before and after faeget is reached. While the amount of
K232y NIYRAFGAZ2Y G SyGuNB Ayd2 GKS 62R& Aa YdzOK
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healthy tissue downstream from the tumor could be at an increased risk of exposure to unnecessary
radiation.

Figure 1. Adapted figure from: Levin WP, Kooy H, Loeffler, DeLaney TF. Proton beam th@raby.

Cancer 2005;93(8):84854.
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creating a range of energies. For example, a shallower beam will have lower energy compared to a

deeper beam (Figure 1). The large mass and acceleration applied toaiompprovide each proton

with a specific momentum that is mostly dispelled after traveling a defined distance. Protons are slowed
down by interactions with their target which results in a sharp burst of energy deposited at the end of

its path, followed by 2 F dzNIi K SNJ R2 & S "®HI8st phy&icalaradietisBodistinguiBhesi S ¢ 0 ©
PBT from other EBRT modalities such as photon RT. In theory, PBT offécal@dvantages, though

the technology is still new and more prospective clinical comparative evaluations still need to be
completed.

It is generally assumed that the biological effects of protons are equivalent to that of photons, but

recent studies hee shown that the Relative Biological Effectiveness (RBE) of protons in relation to
photons are not known with absolute certainty for all types of tissues and fractionation schemes,
particularly in adult tumors® However, RBE is dependent on several factors such as dose per fraction,
Linear Energy Transfer (LET), tissue raditsitivity, particle speed, tissue type, and local
microenvironments such as oxygen lesDne study identified situations in which RBE was found to be
both larger and smaller than 1.1 and another found that ignoring possible variations in RBE could lead to
suboptimal PBTreatment plans. The concern with assuming a 1.1 RBE for all tumor types treated with
PBT is that it may result in treatment plans that deliver a lower biological dose to the target and a higher
biological dose to the normal tisside.

While the dose range is relatively certain faomors that are close to the skin, there is more uncertainty
around the end of the dose range when desgated tumors such as prostate cancer are considéted.
Protons are alswery sensitive to tissue heterogeneity, and the precision of the beam may be disturbed
as it passes through different types of tissié&nother concern is the effects of neutrons, which are
produced by passivelycattered proton beams and result in additional radiation dose to the patient. The
location of neutron production in a PBT patient dtedbiologic significance is currently a topic of
significant debate?37

Policy context/Reason for selection

This topic was originally reviewed in 2014. It is beingekgewed in 2018 due to newly available
published evidence.

Objectives:

The aim of this report is to update the 2014 HTA on proton beam therapy (PBT) by systematically
reviewing, critically appraising and analyzing new research evidence on the safety and efficacy of PBT, as
a primary or as a salvage therapy (i.e., for recurdigease or failure of initial therapy), for the

treatment of multiple cancer types as well as selected noncancerous conditions in adults and children.

Key questions (Based on previous report):
Inclusion and exclusion criteria are summarizeéblews and are detailed in the full report. Briefly,
included studies met the following requirements with respect to participants, intervention,
comparators, outcomes, and study design:
1. What is the comparative impact of proton beam therapy (PBT) treatmhtcurative intent on
survival, disease progression, heatthated quality of life, and other patient outcomes versus
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radiation therapy alternatives and other canegsecific treatment options (e.g., surgery,
chemotherapy) for the following conditions:
a. Cancers

i.
ii.
iii.
iv.
V.
Vi.
Vii.
Viii.
iX.
X.
Xi.
Xii.
Xiii.
Xiv.
XV.
XVi.
XVil.

Bone tumors

Brain, spinal, and paraspinal tumors

Breast cancer

Esophageal cancer

Gastrointestinal cancers

Gynecologic cancers

Head and neck cancers (including skull base tumors)
Liver cancer

Lung cancer

Lymphomas

Ocular tumors

Pediatriccancers@3 ®> YSRdzf f 20f  AG2YF X NBGAYy20f | 2
Prostate cancer

Soft tissue sarcomas

Seminoma

Thymoma

Other cancers

b. Noncancerous Conditions

Arteriovenous malformations
Hemangiomas
Other benign tumors (e.g., acoustic heuromas, pituitary adenomas)

2. What is the comparative impact of salvage treatment (including treatment for recurrent disease)
with proton beam therapy versus major alternatives on survival, disease progression,-health
related quality of life, and other patient outcomes versus radiattoerapy alternatives and
other cancerspecific treatment options (e.g., surgery, chemotherapy) for the condition types
listed in key question 1?

3.  What are the comparative harms associated with the use of proton beam therapy relative to its
major alternatves, including acute (i.e., within the first 90 days after treatment) and late (>90
days) toxicities, systemic effects such as fatigue and erythema, toxicities specific to each cancer
type (e.g., bladder/bowel incontinence in prostate cancer, pneumomitisrig or breast
cancer), risks of secondary malignancy, and radiation dose?

4. What is the differential effectiveness and safety of proton beam therapy according to factors
such as age, sex, race/ethnicity, disability, presence of comorbidities, tumorctddstcs (e.g.,
tumor volume and location, proliferative status, genetic variation) and treatment protocol (e.g.,
dose, duration, timing of intervention, use of concomitant therapy)?

5.  What is the comparative cogiffectiveness of proton beam therapy ihe short and longterm
relative to other types of radiation therapy, radiation therapy alternatives or other cancer
specific treatment options (e.g., surgery, chemotherapy)?

Scope:

Population Adults and children undergoing treatment of primary orueent disease, to include

cancer types (bone cancer, brain, spinal, and paraspinal tumors, breast cancer, esophageal cancer,
gastrointestinal cancer, gynecologic cancer, head and neck cancer, liver cancer, lung cancer,
lymphomas, ocular tumors, pediatdancers, prostate cancer, sarcomas, seminoma, thymoma,
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other cancers) and noncancerous conditions (arteriovenous malformations, hemangiomas, other
benign tumors).

Interventions: Proton beam therapy; all approaches were considered including monotherapy, u
Fd | ao022a0¢ YSOKIyAaY (2 02y @SydGdAzylf NIRAIFGAZ)
modalities (e.g., chemotherapy, surgery).
ComparatorsPrimary comparators include other radiation alternatives (e.qg., intemsitgulated
radiation therapy(IMRT), stereotactic radiation techniques and other external beam therapies, and
brachytherapy). Other treatment alternatives specific to each condition type treated, and may
include chemotherapy, immunotherapy, surgical procedures, and other deviceddsag.therapy
for ocular tumors).
Outcomes:
Primary Clinical outcomes:
1 Overall survival/diseaskee survival
9 All-cause and/or diseaseelated mortality
9 Direct measures of tumor regression, control or recurrence
I Incidence of metastases
Secondary oindirect (intermediate) outcomes

9 Patient reported outcomes including healtblated quality of life (HrQoL) using validated
instruments
Requirements for subsequent therapy
Other outcomes specific to particular conditions (e.g., visual acuity for ocularsshunt
requirements for arteriovenous malformations)

1 Intermediate measures of tumor recurrence such as biochemical measures

Safety outcomes:

1 Treatmentrelated harms, to include generalized effects (e.qg., fatigue, erythema) and
localized toxicities spéic to each condition (e.g., urinary incontinence in prostate cancer,
pulmonary toxicity in lung or breast cancer); the primary focus is on adverse effects
requiring medical attention

1 Secondary malignancy risk due to radiation exposure

Economic outcomes:

9 Long term and short term comparative caffectiveness measures (e.g. incremental eost

effectiveness ratio)
Studies:
The focus will be on high quality (low risk of bias) comparative studies (e.g., randomized controlled
trials, comparative cohort studiasith concurrent controls) will be considered for Key Questions 1
4. Comparative observational studies with long term clinical outcomes or safety will be considered
for Key Questions-4. Case series will be considered but will not be the primary focusaifiation
for each key question. Dosimetry and planning studies will be included for context; they will be
included as evidence if they directly answer the key questions. Full, comparative, formal economic
studies (i.e., coseffectiveness, costitility, cost-minimization, and cosbenefit studies) will be
sought for Key Question 5; studies using modeling may be used to determineffadiveness.

1
)l

Methods

The draft key questions and scope are based on the 2014 report. They were available for public
comment. All comments were considered in the finalization of the key questions. Responses to the
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commenters provided suggested coverage policies. These are not indtuttési review as the
evaluation or formulation of policy is not the purview of the evidence vendor.

A formal, structured systematic search of the peeviewed literature was performed across multiple
databases was conducted to identify publications (including clinical guidelines) published subsequent to
the original 2014 report, i.e., from November 20tb3December 2018. The search process is detailed in
the main report and Appendix B. Reference lists of relevant studies and the bibliographies of systematic
reviews were searched. Additionally, a total of 1,426 citations were received from comment geceive
during the Topic Nomination and Draft Key Question public comment phase for this project, of which
390 remained after removal of duplicate citations and elimination of citations published prior to our
specified search date range. These 390 studies weanewed and compared alongside results from the
search and included or excluded basedagprioricriteria outlined in the report. All records were

screened by two independent reviewers. Conference abstractsHmwilishHlanguage articles, duplicate
publications that did not report different data or followp times, white papers, narrative reviews,
preliminary reports, and incomplete economic evaluations were excluded. A list of excluded articles
excluded at full text along with the reason for exclusioavailable in Appendix C. Figure 3 in the full

report outlines the results for the inclusion/exclusion process.

Consistent with the 2014 report, we focused on comparative studies performing a direct comparison of
treatments in the same underlying patiepppulation. Also consistent with the 2014 report, given
uncertainties regarding proton physics and the relative biological effectiveness of PBT in all tissues,
particularly in adults, only limited appraisal and abstraction of studies included dosimetmimd) and
simulation studies included for context was done and focused on any clinical outcomes reported.
Studies that did not report on clinical outcomes were not included.

Included studies reporting on primary outcomes of interest were critically apgdandependently by

two reviewers evaluating the methodological quality, study limitations and potential for bias based on
study design as well as factors which may bias studies. Methods of assessing study quality are detailed in
the full report. An oveall Strength of Evidence (SOE) combined the appraisal of study limitations with
consideration of the number of studies and the consistency across them, directness and precision of the
findings to describe an overall confidence regarding the stabilitytohates as further research is

available. The SoE for all primary health outcomes was assessed by two researchers following the
principles for adapting GRADE (Grades of Recommendation Assessment, Development and Evaluation)
as outlined by the Agency for Hléhcare Research and Quality (AHRES}.*°The strength of evidence

was based on the highest quality evidence available from comparative studies for a given adttome
determiningthe strength of body of evidence regarding a given outcome, the following domains were
considered:

1 Risk of biasthe extent to which the included studies have protection against bias

1 Consistencythe degree to which the included studies report results that are similar in terms of
effect sizes, range and variability.

9 Directness describes whether the evidence is directly related to patient health outcomes or
comparisons of interventions are diregtead to head).

Precision:describes the level of certainty surrounding the effect estimates.

Publication or reporting biasts considered when there is concern of selective publishing or
selective reporting. This is difficult to assess particulariypémrandomized studies.
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Bodies of evidence consisting of RCTs are initially considered as High strength of evidence. In general,
the GRADE and AHRQ methodologies initially consider nonrandomized studies as Low strength of
evidence as such studies typicallg at higher risk of bias due to lack of randomization and inability of
investigators to control for critical confounding factors. In some instances (e.g. rare conditions, pediatric
populations), RCTs may be unavailable, not feasible, not ethicalt substantially applicable to the

target populations to be treated and use of high quality nonrandomized observational studies may
LINE JARS GKS d0Said SOARSYy OS¢ | yR YI®Thisdesdd,y & A RSNBER
however, imply that the quality of nonrandomized studies is elevated only that such studies represent
the best available evidence and that decision makers need to accept and consider the greater
uncertainty of such evidence; one should not have greater confidence in the effect estimates from such
studies. Observational studies with few methodologic limitations whantitrol for risk of bias via study
conduct or analysis may be initially considered as moderate versus low, particularly for harms and
outcomes when such studies may be at lower risk of bias due to confoutdihgre are also situatian

where studies (particularly observational studies) could be upgraded if the study had large magnitude of
effect or if a dosaesponse relationship is identified and there are no downgrades for the primary
domains listed above and confounding is not aczn.

We compared overall conclusions and findings from the 2014 report with findings in this review to the

extent possible based on general qualitative concepts of AHRQ guidance on signal updates for

systematic reviews, primarily based on the Ottawa MetRé5”-"*Considerations included general

comparison of study quality for primary outcomes, of whether new evidence itotest a major change

in the evidence based on existence of opposing findings or major changes in effectiveness short of

opposing findings based on the highest quality of evidence available, Substantial changes in effect size

or changes in statistical Sigh TA OF yOS 06S@2yR G02NRSNIAyS¢é OKIy3aSaxz
substantial harm wherein risk of harm outweighs benefits and whether new evidence provides high

quality data on clinically important expansion of treatment (e.g. to new subgroups efnpsjtior

clinically important caveat.

Due to heterogeneity across studies with regard to designs, patient populations, treatments and clinical
YSGK2R&a YSillntylteara 6la y2did LISNF2NX¥SRO®

Results

Out of a total of 2328 citations retrieved by our searchtstgg, 215 met inclusion criteria. A total of 56
publications were in pediatric tumors, including 13 retrospective comparative
cohortg’111:1220.21,28,30,39.4043.6064731 case series, and 2 studies on efétctiveness®>°The bulk of the
evidence for this section was for the use of PBT in various pediatric braordustotal of 155
publications were in adult tumors, including two RCTs (Liver and Lung c&{€erne quasiRCT

(Prostate cancet), 33 retrospective comparative cotg®131517:19.22.23,29,34,36,3841,52,53,55,57,59,663,66,70,72
74.76,79.81.828nd 115 case seripeadditionally four coseffectiveness studies were identifigti>1545¢The
majority of the evidence in adults was for the following cancers: Esophageal, Head and Neck, Brain,
Lung, Ocular, and Prostate. For a list of included-sases please see the full report; the Executive
Summary is focused on comparative data only.

The overall quality of the available evidence base was considered poor. Comparative evidence for this
report is primarily from retrospective, nerandomized (observational) studies which were considered
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to be & moderately high risk of bias except where noted in the detailed description of results. Most
studies were retrospective and a number of potential sources of bias must be considered when
interpreting study findings. For purposes of this report, prospectiemparative cohort studies which

O2Yy G NRffSR T2NJ O2yF2dzy RAY 3 -dzZlyY R VY R NKwKA OFKA R KSNSY
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all of these criterialn most instances, treatment groups were formed based on historical changes in
methods of radiation therapy delivery, i.e. more conventional photon radiation therapy, including

3DCRT, was delivered to patients at a time prior to a switch to PBT asndevare the available. One
consequence of the use of historically consecutive controls in these studies is differential length of
follow-up by treatment group; historical groups receiving photon therapy had longer falftihan

those receiving PBT. Difeerces between treatment groups in patient characteristics, presentation,

tumor stage, comorbidities, prior or concurrent treatments and surgical factors were noted in most
studies. Although many studies evaluated possible confounding by such factoesigiiee possibility

of residual confounding or other biases that could influence results.

@3
0S

Comparison with 2014 report

The evidence base in the prior report primarily consisted of case series and focused on comparative
studies for evaluation of benefiend harms as does this update. Comparative studies were primarily
retrospective cohort studies. In general, the quality of comparative studies in the update report appears
to be marginally better but varies somewhat by tumor category. Many studies pablsibsequent to

the prior review had larger sample sizes, made direct comparisons of treatment groups and seemed to
employ better methods for controlling for confounding and potential selection bias.

Many of the studies in the 2014 review used 3DCRTsamt IMRT as a radiotherapy comparison with
PBT; most of the studies in this update used IMRT and/or 30M®R Btudies in the 2014 report

included a variety of comparators, many of which were not represented in the studies included in this
review.The pror report included carbon ion therapy as a comparator; it is not included in this review as
it is not FDA approved. For some tumor categories, the comparators for studies included in the prior
report were very different than comparators, which may reflelsanges in clinical practice with time

and may partially explain differences in findings between the 2014 report and this review. As an
example, for ocular tumors, in the prior report, three studies compared PBT with surgical enucleation
and one with tranpupillary thermotherapy plus PBT. In this review, some less invasive treatments
(brachytherapy and stereotactic radiosurgery) were the comparators employed by included studies.
Similarly for hepatocellular carcinoma, the interim RCT analysis includeid review compared PBT

with transarterial chemoembolizatioff ACE) whereas the in the prior review, PBT combined with
chemotherapy and carbon ion therapy were the comparators employed in separate studies. Thus, in
drawing conclusions across both reviewsuich instances, these differences need to be considered. For
few tumor classifications RCT data were available in the previous report, but no new RCTs were
identified for this review. In addition to heterogeneity in study design and implementation/cortqgrara
between included studies for the 2014 and 2019 reviews, specific tumor types and or stages studied in a
given classification of tumor may differ between the 2014 and 2019 reports; use of prior or concurrent
chemotherapy and other treatments acrosslumed studies may also differ within and between

reports. Differences in evidence base, comparators and other factors are described with bulleted
summary findings for the various tumor classifications.

Table A below provides a broad overview of the stthraf evidence and direction of benefits for the

2014 review (based in their table ES2) compared with this 2019 re{/iéwe overview doesot connote
any recommendations for policyWhile for many tumor categories, general conclusions regarding
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benefitsand harms are similar between the two reports, for some tumor types, general conclusions
differ. These instances are described with the bulleted samynpoints for each tumor type.

Table A. Summary of strength of evidence, direction of benefit and gehecenparison of the 2014
and 2019 report

Net Health Benefit vs.
Incidence Comparators Impact of new studies
(per Number of Type of Net Benefit (B, H) | (focus on comparative
Condition 100000) Publications SOE studies)*
2014 2019 2014 2019 2014 versus 2019
wSL}2| wS Lk Report Report Report
Adults
Cancer
Bladder 20.3 Cs=1 Cs=1 NR Insufficient Similar conclusions
Bone 0.9 CC=1; CS=8 Insufficient Insufficient Similar conclusions
CS=4 Low
Brain/Spinal 6.5 cC=2; CC=5; | Incremental | PBT vs. photo] 3 new retrospective
CS=6 CS=6 .Y T Unclear comparative cohorts
Low .Y m curative(1 case
Low (curative) matched 1 large
propensity score
PBT boost +| matched database) an
photon vs. 1 salvagepf different
photon alone | interventions and tumo
Comparable | types vs. 2014 report.
B:=H:= The net health benefit
Low (curative) for PBT vs. photon is
unclear from 1 large
Insufficient | data base study which
(salvage) did not report harms.
For PBT boost + photo
vs.photon alone, 1
cohortlead to different
conclusions regarding
harms Evidence was
insufficient for salvage
therapy from 1 small
cohort.
Breast 124.7 CS=4; CC=2 Insufficient Unclear The net health benefit i
Econ=3| CS=4; none B: =H: NR | unclear (addition of 1
Econ=1 Low largeretrospective
database study which
did not report harms.)
Esophageal 4.6 CC=2; CC=5; | Insufficient | Incremental Newretrospective
Cs=7 CS=2 none . Y ' |l comparative evidencg
Low cohorts (2 propensity
scorematched)],leads
to different conclusiong
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Net Health Benefit vs.

Incidence Comparators Impact of new studies
(per Number of Type of Net Benefit (B, H) | (focus on comparative
Condition 100000) Publications SOE studies)*
2014 2019 2014 2019 2014 versus 2019
wSL2| wS L2 Report Report Report
Gl 100.68 CS=7 CC=1; | Insufficient Insufficient | Similar conclusions (1
Cs=2 none smallretrospective
comparativecohort,
inadequate evidence)
Gynecological 49.8 CSs=2 0 Insufficient Insufficient Similarconclusions
none (no studies)
Head/Neck 17.28** cc=1; CC=7; | Insufficient | Comparable | 6 additional, larger,
(oropharyngeal, CS=15;| Cs=14; low B:=H:= retrospective
nasopharyngeal, Econ=2| Econ=1 Low comparativecohorts
paranasl sinus, lead to different
and oral cancers) conclusions
Head/Neck CcC=1 CC=1 Insufficient Insufficient Similar conclusionél
(Chondresarcoma CS=15 CS=9 low small retrospective
of the skull base) comparative cohort,
inadequate evidence)
Liver 8.1 CC=3; | RCT=1;| Comparable| PBT vs. TACI RCT interim results wit
CsS=26| CcC=1 B:=H:= Incremental | different comparator
CS=12; Low .Y T (TACE). Hospitalizatio
Econ=1 Moderate | was used as a surroga
for toxicity (see full
PBT vs. IMRT report).
Incremental PBT vs. IMRT, larger
.Y T retrospective
Low comparative cohortNet
health benefit vs.
comparators across
both reports is unclear
Lung 60.5 CC=4; | RCT=1;| Comparable| Comparable | Similar conclusions;
CS=19;| CC=& h B:=H:= B: =H: = | addition of a RCT and
Econ=2| CS=12 Lows 4 Low retrospective
comparativecohorts (1
large propensity score
matched database
study).
Lymphomas 224 Cs=1 CSs=3 Insufficient Insufficient Similar conclusions
none
Mixed/Various N/A8 CC=3; CS=3 NR Insufficient Similar conclusions
CS=12
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Net Health Benefit vs.

Incidence Comparators Impact of new studies
(per Number of Type of Net Benefit (B, H) | (focus on comparative
Condition 100000) Publications SOE studies)*
2014 2019 2014 2019 2014 versus 2019
wSL2| wS L2 Report Report Report
Ocular 0.9 RCT=1;| CC=3; Superior PBT vs. BT 3 additional
CC=8; | CS=22; | (Incremental) alone retrospective
CS=45| Econ=1 8§ Inferior comparativecohorts (1
.Y m I .Y @ | casematched, and 1
Moderate Low large propensity score

matched databaseyith
PBT + TSR V¢ very different

BT + TSR comparators. Prior
Incremental report included
.Y m I primarily enucleation
Low (4/7 studies) as

comparator, also TTT
PBT vs. SRY study); remaining 2
Insufficient studies were indirect
comparisons of case
selies. The net health
benefit across all
comparators (across
both reports) is unclea

Prostate 109.2 RCT=1;| Quasi Comparable| Comparable | Similar conclusions;
CC=9; | RCT=1; B:=H:= B: = H: = | addition of a quasRCT
Cs=19;| CcC=3; Lows 4 Low and 3 retrospective
Econ=3| CS=11 comparative cohorts (1

casematched 1 large
propensity score
matched database)

Sarcomas 4.88 CS=2 0 Insufficient Insufficient Similar conclusions
none (no studies)
Seminoma 4.08 0 0 Insufficient Insufficient Similarconclusions
none (no studies)
Thymoma 0.28 0 0 Insufficient Insufficient Similar conclusions
none (no studies)
Norcancerous
AVMs 1.08 CS=6 0 Insufficient Insufficient Similar conclusions
none (no studies)
Hemangiomas 2.08 CcC=1,; CS=2 | Comparable| Insufficient Similar conclusions
CS=3 B:=H:=
Low
Pituitary NR§ CS=2 Cs=1 N/A Insufficient Similar conclusions
Adenoma
Meningioma 2.08 CC=2; CS=3 Insufficient Insufficient Similar conclusions
CS=8 none
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Net Health Benefit vs.
Incidence Comparators Impact of new studies
(per Number of Type of Net Benefit (B, H) | (focus on comparative
Condition 100000) Publications SOE studies)*
2014 2019 2014 2019 2014 versus 2019
wSL2| wS L2 Report Report Report
Pediatric
Cancer
All Cancer Typs*** 18.3 CC=1; | CC=13;| Incremental | See below See below
CS=41;| CS=41;| .Y T
Econ=3| Econ=2 Lows 4
Brain 3.1 CC=11; N/ Ax* Incrementd | No comparative studie
CS=25 Y T in the 2014 report; 6
Econ=2 Low new retrospective
cohorts and 2 new
prospective cohorts (1
propensity score
matched) suggest
incremental net benefit
of PBT for pediatric
brain tumors
Bone 0.9 CS=1 N/ Ax* Insufficient N/A
Head/Neck NR§ CC=1; N/ Ax* Insufficient N/A
CSs=3
Ocular 0.4 CcC=1; N/ Ax* Insufficient N/A
Cs=2
Lymphoma 24 CS=2 N/ A= Insufficient N/A
Rhabdomye NR§ CS=6 N/ Ax* Insufficient N/A
sarcoma
Mixed/Various NR§ CS=2 N/ Ax* Insufficient N/A

AVM = Arteriovenous Malformatiol® = BenefitsCC = Comparative Cohort; CS = Case SériebtarmsN/A = not applicable;
IMRT = intensitynodulated radiation therapy (photons). NR = not reported; RCT = Randomized Control Trial; TTT =
transpupillary thermotherapy.

*Due to lack of clarity in reportetbtals of studies, the study totals for the 2014 report here are derived from study lists in the
appendix, and may differ from reported totals in body of report.

ultft AyOftdzRSR a0GdZRASE ¢SNB Lldzf AdKSR Aardaiadi efiSaryi efféctvenésk S
safety or coseffectiveness are included in this table (i.e., contextual studies are not included here).

2 KSyYy L2&d&aA0f ST AYyOARSYyOS aidlidAraiaarda gSNB dzLJRI G Blaceg A G K Y2 NB
Epidemiology, and End Results Program (SEER) database and the American Cancer Society Cancer Statistics Center. Footnoted
conditions were either obtained from the incidence values reported in the prior report, not acquirable through the reviewed
databases (NR) or not applicable (N/A) because they represented a mixed population.

8Incidence is for head and neck cancers to include-blsk tumors (e.g., chondrosarcoma).

*The comparative cohort count includes the nonrandomized group from the R&I Z018).

UUEKS LINA2NJ Hamn t. ¢ NBLER2NI KIFIR RAAONBLIYyOASaE 06SiG6SSy ¢l ot
Cancer, Prostate Cancer, and Pediatric Cancers. AAl has made the decision to use the Strength of Evidence reported in Table
ER.

441 dzil K2 N&

LINJR 2 N.

w

2T GKS wnmn NBLERNI ftAad G0KS ySi k$heiegokbodySySTFA G | &
I dzil K2 N&E & i | {&alitdepidenca su@yess coimpagable rates of harm for PBT relative to treatment alternatives in
patiSy ia gAGK 20dzZf  NJ GdzY2NEé 6KAOK adza3Sada GKIFIG GKS ySi
§8In the 2014 report, assessment of pediatric cancer was not separated by cancer types.

KSI t ik
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Summary of Results
Pediatric Tumors
Key points across pediatric tumarategories

9 Pediatric brain tumors

0 The bulk of the comparative evidence from studies published subsequent to the 2014
report was for the use of PBT in various pediatric brain tumors. Eight comparative
cohort studies at moderately high risk of bias congghPBT with treatment
alternatives.

A Three studies compared PBT with IMRT

A Two studies compared patients who received PBT with those who received
IMRT and/or 3DCRT

A One study indicated PBT was compared to photon RT with no further
specification and one studgdicated that those in the comparison group
received either 2DCRT or 3DCRT

A One study compared craniospinal PBT and focal PBT with surgery.

0 Benefits in terms of OS, PFS and tumor recurrence were generally similar between PBT
and other forms of radiationhterapy across four comparative studies (Low SOE). Some
differences may be clinically important.

0 Regarding toxicities and harms, hypothyroidism was less common with PBT versus other
RT. Low SOE) Many other toxicities (including other endoceiated toxcities) tended
to be less frequent in those receiving PBT vs other RT, however statistical significance
was generally not reached, likely due to study sample sizes and possibly residual
confounding. (Low SOE) Some differences may be clinically importamprOspective
cohort study reported declines for full scale intelligence quotient (FSIQ) and processing
speed index scores when craniospinal PBT was compared with surgery but no
differences between focal PBT and surgery for any score. The clinical rdefahe
declines was not described. One retrospective cohort reported no difference between
PBT and photon therapy for FSIQ scores (Low SOE for all outcomes.)

o While two poorquality full economics studies suggest that PBT may beeftesttive for
treatment of pediatric brain or CNS tumors vs other types of radiation, the limitations of
these studies need to be considered.

0 None of the included studies evaluated differential effectiveness or safety.

9 Other pediatric tumors:

o Evidence for effectivenessd safety was considered to be insufficient for all other
pediatric tumors. Studies published subsequent to the 2014 report were identified for
the following pediatric tumor categories: head and neck, soft tissue
(rhabdomyosarcoma), ocular, lymphoma, barel one study of mixed tumor types.
Evidence was primarily from case series, with only two small comparative (one for
salivary gland tumors, the other salvage treatment in ocular tumors) identified.

o No fulleconomic studies or studies designed to evedudifferential effectiveness or
safety were identified.

Final
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Adult Tumors/Conditions

Key pointsacrossadult tumor categories/conditions

Bladder cancer
1 There is insufficient evidence from one case series to evaluate the effectiveness or safety of PBT
for bladder cancer in adults.
1 No studies meeting inclusion criteria were identified that evaluated salvage therapy, differential
effectiveness and safety or cesftfectiveness.

Bone tumors
1 There is insufficient evidence from seven case series to evaluateffbctiveness or safety of
PBT for bone tumors in adults.
1 No studies meeting inclusion criteria were identified that evaluated salvage therapy, differential
effectiveness and safety or cesffectiveness.

Brain, Spinal, Paraspinal tumors

1 Results were iconsistent across two retrospective casatched cohorts evaluating adult
patients with different types of brain tumors undergoing treatment for curative intent. l@ on
retrospective cohort, there waso statistical difference in the probability of3lyea OS and 2
year PFS following photon RT plus a PBT boost versus photon RT alone in patients with high
grade glioblastoma; those receiving PBT boost tended to have higher PFS but lower OS versus
those receiving photon alone artifferences may be clinidglmeaningful. One large database
studyof primarily highgrade glioma reported statistically highetyBar overall survival following
PBT alone versus photon RT alone. (Low SOE for both comparisons).

1 One small retrospective cohort study in patients witletastatic CNS disease found no statistical
difference between salvage PBT compared with photons in the probabilityrafrth OS or of
CNS relapse; at 1 year, OS was better in the PBT group but statistical testing was not done and
sample size was smalhgufficient SOE).

1 For safety, no statistical differences were seen between groups in the frequency of acute grade
3 toxicity across both studies or of radiation necrosis (1 study of curative intent) or severe CNS
toxicity (1 study of salvage therapy) ovbe late term (Low SOE for curative intent; Insufficient
SOE for salvage therapy).

1 No studies meeting inclusion criteria were identified that evaluated differential effectiveness
and safety or coseffectiveness.

9 Limited information from case series doest provide sufficient information to evaluate
radiation safety or effectiveness of PBT.

Breast cancer

1 There is low strength of evidence from one retrospective comparative database study that there
is no statistical difference in the probability of OS$atears between PBT versus photeith or
without electron boost therapy for treatment direast cancer.

1 One moderate quality cosittility study (QHES 73/100) concluded that, compared with photon
therapy, PBT was not cost effective in women without card&cfactors (CRF) or PBT mean
heart radiation doses <5 GRBE)PBT is more likely to be cesffective for patients with higher
risk of coronary heart disease (CHD) and for younger patients (40 or 50 years old versus 60 years
old); authors indicate aceietal perspective, however indirect societal costs were not described.

Final
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1 No studies meeting inclusion criteria were identified that evaluated salvage therapy or
differential effectiveness and safety in this population.

1 Limited information from case serie®es not provide sufficient information to evaluate
radiation safety or effectiveness of PBT.

Esophageal tumors

9 Five retrospective comparative cohort studies that evaluated the effectiveness and safety of PBT
compared with photon RT for curative intentadult patients with esophageal cancer that met
inclusion criteria were identified.

1 With the exception of OS at 1 year which was similar between groups, probabilities of OS and
PFS/DFS were greater following PBT versus IMRT-GR3Dover 1 to 5 years faM-up in two
studies; however, statistical significance was achieved in only the largest study (Low SOE).

1 Mortality (as opposed to OS) was reported by two studies with no statistically significant
differences seen between the PBT and the photon groupsTIMBCRT, XRT) (Low SOE for the
large, higher quality study; Insufficient SOE for the small, pequality study).

1 For the comparison of PBT versus IMRT, with the exception of grade 4 radiatimed
lymphopenia (2 studies) and any would event (1 sjugich were less common with PBT, all
other RFrelated and treatmentrelated toxicities did not differ statistically between groups. For

PBT versus 3DCRT or XRT, with the exception of Gl events, PBT was associated with a statistically
less treatmemntrelatS R G2 EAOAG& OA®PSPI Lz Y2Y I NBZ OF NRALF OZ

specified) across three studies (Low SOE for all).

1 No studies meeting inclusion criteria were identified that evaluated salvage therapy, differential
effectiveness and safety or seeffectiveness.

9 Limitedinformationfrom case series does not provide sufficient information to evaluate
radiation safety or effectiveness of PBT.

Gastrointestinal (pancreatic) tumors

1 One small retrospective cohort study that compared PBT herfractionated accelerated
radiotherapy (HART) for curative intent in adult patients with locally advanced and unresectable
pancreatic adenocarcinoma reported no statistically significant differences between groups in
the probability of 2 to 3-year OS, dises control/local progression or metastases or in the
FNEIjdzSy 0e 27F ENedhSmaglogicdr Rohémiatal®igal toxicities which
were rare; clinical importance of differences is unclear (Insufficient SOE).

1 No studies meeting inclusion crite were identified that evaluated salvage therapy, differential
effectiveness and safety or cesftfectiveness.

9 Limited information from case series does not provide sufficient information to evaluate
radiation safety or effectiveness of PBT.

Head andNeck tumors (including skulhase)
9 Across three retrospective cohort studies, the probabilities-ab13-year OS and PFS (one case

matched study, primary oropharyngeal cancer), the incidence -cbalée mortality over a
median 24 months (one smailludy, primary nasopharyngeal cancer), argear OS (one small
study, primary or metastatic salivary gland cancer) were not statistically different between PBT
and IMRT groups. Clinical significance of differences is unknown. (Low SOE for primary
oropharyngeal and nasopharyngeal cancer; Insufficient SOE for primary or metastatic salivary
gland cancer).
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9 Across three retrospective comparative studies evaluating different tumor types (primary
oropharyngeal; primary nasopharyngeal; and primary or metastalicasg gland cancenhere
GSNBE y2 atlrdradArAortte airxayAFAaAOryd RAFFSNBYyOSa
or the incidence of ED visits/unplanned hospitalizations (1 study) following PBT versus IMRT
(Low SOE based on largest, bestligpatudy). A third retrospective comparative study in
oropharyngeal cancer reported no statistical difference in the incidence of osteoradionecrosis
after 6 months between PBT and IMRT (Insufficient SOE).

1 Across five retrospective comparative cohort@kiating different tumor types (2 primary
oropharyngeal; 1 each of primary nasopharyngeal; prinmaigopharyngeabr paranasal sinus;
and primary or metastatic salivary gland cancer), gastrostomy tube dependence tended to be
lower with PBT, however adjiesi estimates from the largest study were not statistically
significant, while smaller studies reported statistically significant differences. For the smallest
study, the large confidence interval suggests instability of the effect estimate. Clinical
signifcance of differences is unclear. It is unclear what role differences in study populations
(including tumor characteristics, etc.) and possible residual confounding may play in these
findings.

1 One good quality costffectiveness analysis (QHES 90/100ktboth societal and payer
perspectives and concluded that, compared with IMRT, PBT was negftedive for patients
with stage IHIV oropharyngeal squamous cell carcinoma using either perspective. However, at
extremes of PBT superiority, it becomesteefective for younger human papilloma virus
(HPV)positive patients.

1 No studies meeting inclusion criteria were identified that evaluated salvage therapy (i.e., no
comparative studies) or differential effectiveness and safety in this population.

1 Limitedinformation from case series does not provide sufficient information to evaluate
radiation safety or effectiveness of PBT.

Liver tumors

1 No statistical differences were seen between PBT and transarterial chemoembolization (TACE)
for the probabilities of Z/ear OS, PFS, and local control in one small RCT of adult patients with
unresectable hepatocellular carcinoma (HCC) treated with curative intent, though PFS and local
control tended to be greater following PBT (Moderate SOE).

1 OS was statistically high&llowing PBT versus intensitgodulated radiation therapy (IMRT) in
one retrospective cohort study of adult patients with unresectable HCC but there was no
difference in local and regional control between groups (Low SOE).

9 Acute toxicity and serious corfipations were not well described in the RCT. Fewer patients who
received PBT compared with TACE were hospitalized for a complications within 30 days of
treatment, translating into fewer total days hospitalized for complications (Moderate SOE). In
the retrospective cohort study, compared with IMRT, PBT was associated with a lower risk of
nonclassic radiatioinduced liver disease (RILD) (Low SOE) and death due to liver failure
(Insufficient SOE).

1 One poor quality costtility analysis (QHES 51/100) fromwan compared PBT with
stereotactic body radiation therapy (SBRT) for a hypothetical cohort of patients with advanced,
inoperable hepatocellular carcinoma using Markov modeling from a payer perspective and
concluded that PBT is cestfective for high rislpatients at a willingnes®-pay threshold (WTP)
of New Taiwan Dollars $2,157,024 per qudlity years (QALY) gained.

1 No studies meeting inclusion criteria were identified that evaluated salvage therapy (i.e., no
comparative studies) or differentialfefctiveness and safety in this population.
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9 Limited information from case series does not provide sufficient information to evaluate
radiation safety or effectiveness of PBT.

Lung

1 In one fairquality RCT, no statistically significant differences were beéneen PBT versus
IMRT in the probability of OS at any timepoint up to 5 years or in the cumulative incidence of
local failure in patients with neesmall cell lung cancer being treated with curative intent
(Moderate SOE). Findings from four retrospectiweparative cohort studies were consistent
with those of the RCT.

1 For safety, no statistical differences were seen between PBT and IMRT in the frequency of grade
0 NI RAIFGAZ2Y LlWSdzy2yAidAa | i-qualifyRCTU(MOO&AdSOY (G  dzLJ
¢CKSNE gl & AyadzFFAOASY(d SQOARSYOS FTNRY (g2 NBUGNE
toxicities (radiation pneumonitis, radiation esophagitis, and radiation dermatitis) which did not
differ statistically between PBT and IMRT; clinical importanckfierences in unknown.

I The one comparative study of salvage PBT did not report survival or safety data; no studies that
met inclusion criteria were identified that provided data on differential effectiveness and safety
or costeffectiveness.

9 Limited infomation from case series does not provide sufficient information to evaluate
radiation safety or effectiveness of PBT.

Lymphoma
9 There § insufficient evidence from threzase series to evaluate the effectiveness and safety of
PBT for curative intent indaults (primarily)with Hodgkinor non-Hodgkinlymphoma.
1 No studies meeting inclusion criteria were identified that evaluated salvage therapy, differential
effectiveness and safety or cesftfectiveness.

Ocular tumors

9 Across two retrospective cohort studies in patient with ocular tumors comparing PBT with
brachytherapy or stereotactic radiosurgery (SRS) for curative intent, there were no statistically
significant differences in OS at 2 years and mortality at 3 yeabsyaars PBT was associated
with a statistically higher risk of mortality with PBT vs. brachytherapy in the larger, higher
guality study (Low SOE).

1 PBT was associated with a statistically lower frequency of local recurrence over 10 years
compared with bachytherapy in one retrospective comparative cohort study (Low SOE). A
second, poorer quality study comparing PBT versus stereotactic radiosurgery found no
difference between groups in local recurrence at 3 years, however the strength of evidence was
insuficient.

1 With the exception of optic neuropathy which was statistically lower following PBT versus SRS in
one study, no other statistical differences were seen in the frequency of adverse events
(radiation retinopathy, enucleation, rubeosis of the irisprascular glaucoma, rubeotic
glaucoma) over 3 years between PBT versus brachytherapy or SRS across two retrospective
comparative cohort studies.

1 One good quality (QHES 93/100) concluded that, compared to enucleation, PBT was-ot cost
effective for patiens with intraocular melanoma using a WTP of $50,000/QALY based on a payer
perspective. However, results ranged from ceffective ($9,522/QALY) to very expensive
($441,750/QALY) in sensitivity analyses. PBT cost was a significant driver of the ICER.
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1 No studies meeting inclusion criteria were identified that evaluated salvage therapy (i.e., no
comparative studies) or differential effectiveness and safety in this population.

9 Limited information from case series does not provide sufficient information to atalu
radiation safety or effectiveness of PBT.

Prostate tumors

1 Inone quasRCT, there were no statistically significant differences in the probabilitiesapids
10-year overall survival and biochemical relajfisee survival between the combined photon
and PBT boost group and the photon only group (Low SOE).

9 The probabilities of acute and late grade 2 gastrointestinal (Gl), but not genitourinary (GU),
toxicity were significantly lower in patients who received the photons plus PBT boost versus
photons ony in one quasRCT; however, there were no statistically significant differences for
grade 3 or 4 toxicities. Across three retrospective cohort studies comparing PBT with IMRT
results regarding acute and late GU and GU toxicity differed, with two findirgatistical
difference between groups and the third, a large database study, reporting lower cumulative
incidences with PBT (to include erectile dysfunction) compared with IMRT; differences between
groups were small and clinical significance is unkn@®&®E Low for all).

1 No studies that met inclusion criteria were identified that provided data on PBT for salvage
therapy, differential effectiveness and safety or ceffectiveness.

9 Limited information from case series does not provide sufficient informatioevaluate
radiation safety or effectiveness of PBT.

BENIGN TUMORS

Hemangiomas (Adults)
1 There is insufficient evidence from two case series to evaluate the effectiveness and safety of
PBT for curative intent in adults with hemangiomas.
1 No studiesneeting inclusion criteria were identified that evaluated salvage PBT, differential
effectiveness and safety or cesftfectiveness.

Other Benign Tumors
1 There is insufficient evidence from three case series to evaluate the effectiveness and safety of
PBTfor other noncancerous tumors (i.e., meningioma, pituitary adenoma).
1 No studies meeting inclusion criteria were identified that evaluated salvage PBT (i.e., no
comparative studies), differential effectiveness and safety or-effsctiveness.

Mixed/Various Tumors
1 There is insufficient evidence from three case series to evaluate the effectiveness and safety of
PBT for mixed tumor populations.
1 No studies meeting inclusion criteria were identified that evaluated salvage PBT, differential
effectiveness and safety, or cesftfectiveness in mixed tumor populations.
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Strength of Evidence Summary for Pediatric Brain, Spinal, and Paraspinal Tumors for Effectiveness and

Safety

Outcome

Time

Studies, Year, N,
RoB

Reason for
Downgrade

PBT vs. IMRTor CRT
Effect estimate (95%

Conclusion
Quality (SoE)

Medulloblastoma

{1 G2 N7 T ]
Ependymoma

Tumor Cl)
KQ 1 Curative intent
Survival outcomes
Probability, 3 year {1 G2 HaeT 97% (83%99%) vs. |PBT resulted in
overall survival Ependymoma 81% (63%00%) similar (3 studies,
NR; p=0.08 Bishop, Kopecky,
Bishop 2014 (N=52) 94.1% (NR) vs. 96.80| Eaton) or slightly
Craniopharyngioma (NR) greater (2 studies,
NR; p=0.742 Sato, Gugthig I(EAST
Ayear |Ddzy G KSNJ H. 87.5% (51.6%97.3%) . vy powever
(EN:72d) Consistency \éz ;38% (60.6% | iatistical significancy
pendymoma Unknown NR. °_)0 01 was not reached in
(different » P=U. any study at any
Syear |Kopecky 20178 tumor types) %NR time; sample sizes
(N:783) Ser|0u§ ) HR 0.99 (041 to 24) may p|ay arole.
Medulloblastoma | lmprecision | p=0.98
Yes (-1) (PBT vs. CRT) & &
6year ({2 wna7O)T 88% (NR) vs. 70% LOW
Ependymoma Obwi 4
NR
Eaton 20164 82.0% (65.4%91.1%)
(N = 88); vs. 87.6% (72.7%
Medulloblastoma 94.7%)
adj. HR, 2.17 (0.66 to
7.16)
Probability, 3 year {42 HA9T |Consistency|PFS: 82% (6492%) |At 3 and 6 years, PF
Progression free Mod high Unknown |vs. 60% (42984%) in patients with
or relapse free Ependymoma (different HR (vs IMRT), 0.42 |ependymoma who
survival tumor types)| (0.161.10) received PBT tended
Serious : 5 5 to have longer PFS
6 year Eaton ?OlGa,b Imprecision RFOS' 78.8% (063‘/" IMRT, but difference
(N=88); Yes (-1) 89%) vs. 76.5% (60.9 were not statistically

- 86.6%);
adj. HR 1.31 (0.5 to
3.41)

PFS: 82% (NR) vs. 3
(NR)
p=NR

significant at 3 years
RFS was similar
between groups in
patients with
medulloblastoma

a &
LOW

Other Primary

or relapse

Any recurrence

74.4mos.
vs. 85
mos.

Eaton2016a (N88)
Medulloblastoma

Consistency

22.2% (10/45) vs.
23.3% (10/43); NR

Recurrence was
similar between
groups in patients
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Outcome Time Studies, Year, N, Reason for |PBT vs. IMRTor CRT| Conclusion
RoB Downgrade | Effect estimate (95% | Quality (SoE)
Tumor Cl)
31.2vs. [{ F G2 wnAmT |Unknown |17% (7/41)vs.55% |with
58.8mos. | Ependymoma (different (21/38); medulloblastoma
tumor types)| RR 0.31 (0.15 to 0.64 however was
Serious significantly less
Imprecision common inpatients
Yes (-1) with ependymoma
a &
LOW
KQ 3: Safety Outcomes
Hypothyroidism | 56.4mos. | BielamowiczN=84) Hypothyroidism Across 2 studies,
vs. 121.2 | Medulloblastoma (any): hypothyroidism was
mos. 19% vs. 46.3%; less common with
adj. HR 1.85 (0.8 to |PBT statistical
4.2) differences were only
Primary seen in one study
hypothyroidism:
7.3% vs. 20.4%; aa
Serious adj HR 2.1 (0.6 to 7.7 LOwW
Imprecision | Central
Yes (-1) hypothyroidism:
9.8% vs. 24.0% ;
adj HR 2.2 (0.7 to 6.6
69.6mos. | Eaton 2016b (NF7) Hypothyroidism:
vs. 84 Medulloblastoma 22.5% (9/40) vs 64.9
mos. (24/37);
adj OR: 0.13 (0.04 to
0.41)
Other Endocring 33.1mos. | Bishop 2014 (N=52)| Consistency| Panhypopituitarism: | Other specific
toxicities vs. 106.1 | Craniopharyngioma | Unknown 33% (7/21) vs. 55% |endocrinopathies
mos. Serious (17/31); across the two
Imprecision |RR 0.61 (0.31, 1.2) |studies tended to be
Yes (-1) less common in PBT
Other recipients compared
endocrinopathy: 43%| with other forms of
(9/21) vs. 23% (7/31)|radiation therapy;
RR 1.9 (0.84, 4.3) however, statistical
significance was only
69.6mos. | Eaton 2016b (N&7) | Consistency| Growth hormone achieved for sex
vs. 84  |Medulloblastoma |Unknown |deficiency:52.5% hormone deficiency.
mos. Serious (21/40) vs. 56.76% | Endocrine
Imprecision | (21/37); replacement therapy
Yes (-1) adjOR0.81 (0.26 |Was less common in
2.59) those receiving PBT
vs. photon RT.
Sex hormone
deficiency 2.5%
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Outcome Time Studies, Year, N, Reason for |PBT vs. IMRTor CRT| Conclusion
RoB Downgrade | Effect estimate (95% | Quality (SoE)
Tumor Cl)
(1/40) vs. 18.92% a
(7137); LOW
adj OR 0.06 (0.01 to
0.55)
Endocrine
replacementtherapy:
55% (22/40) vs.
78.38% (29/37)
adj OR 0.30 (0.09 to
0.99)
Changes in IQ |32.4mos.|Kahalley(N=150) Consistency|FSIQ (adjusted beta | There were no
score changes |vs. 64.8 |Various brain tumorg Unknown coefficient, 95%CI) |differences between
per year mos. Serious PBT vs. Photon RT**| PBT and photon
Imprecision | All patients radiation in with
Yes (-1) -0.7 (1.6 t0 0.2) vs: |regard to changes in
1.1¢1.8t0-0.4; p= |IQ scores.
0.51
CSI- 0.8 vs-0.9 (ClIs
NR); p =0.89 aa
Focal RT0.6 (-2.0 to LOW
0.8) vs-1.6 (-3.0 to-
0.2);p=0.34
33.6mos. | Kahalley 2019 (N=93 Consistency|Focal PBT vs. surger] There were no
to Various brain tumorg Unknown NS differences FSIQ | differences between
37.2mos. Serious for any subscale (allf focal PBT and surge
post- Imprecision |values >0.05); scoresin changes in FSIQ g
treatment Yes (-1) remained stable for |subscores after
both groups over adjustments for
time. baseline differences.
CSI PBT was
CSI PBT vs. surgery |associated with a
(adjusted beta decline in FSIQ and
coefficient, 95% CI)** PSI with time
FSIQ:2.1(-3.8 to- compared with
0.3), p =0.020 surgery. The clinical
PSI:2.6 €4.7 t0-0.3), | significance of the
p =0.019. changes is not
described.
NS differences for an
other subscales (all-p aa
values >0.05) LOW
Other Late PBT 33.1|Bistop 2014 (N=52) Vascular Injury (on |Risk of vascular
toxicities or mos.vs. | Craniopharyngioma | Consistency|imaging), injury, hearing loss
adverse events | 106 mos. Unknown |10% (2/21) vs. 10% |and radiation
(3/31); necrosis were similat
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Outcome Time Studies, Year, N, Reason for |PBT vs. IMRTor CRT|Conclusion
RoB Downgrade | Effect estimate (95% | Quality (SoE)
Tumor Cl)
(Median f/u by Serious Vision changes5% | between PBT and
treatment) Imprecision | (1/21) vs. 13% (4/31)|other types of RT;
Yes (-1) RR 0.37 (0.04, 3.07) | although risk of visio
Hypothalamic changes and
obesity: 19% (4/21) |hypothalamic obesity
vs. 29% (9/31); were somewhat
RR 0.66 (0.23, 1.9) |lower for PBT in one
study, groups were
55.5mos. | Paulino 2018 (N=84) Risk of Bias | Hearing Loss (worse | N0t statistically
vs.65.5 |Medulloblastoma | Yed (-1) ear) different.
mos. Consistency| Grade 326.3% .
Unknown  |(10/38) vs. 21.7% aa
Serious | (10/46) LOW
Imprecision | Grade 42.6% (1/38)
Yes (-1) vs. 6.5% (3/46)
Grade 3 and 429.9%
(11/38) vs. 28.3%
(13/46), p=1.0
31.2mos. | Sato 2017 (N = 79) | Consistency|All events:7.3%
vs. 58.8 |Ependymoma Unknown (8/41) vs. 13.2%
mos. Serious (5/38); RR 0.56 (0.14
Imprecision |2.17)
Yes (-1) Radiation Necrosis
7.3% (3/41) vs. 7.9%
(3/38)
Stroke 0% (0/41) vs.
2.6% (1/38)
Cavernoma0%
(0/41) vs. 2.6% (1/38
Acute Toxicities| Acute Song 2014 (n=30 Risk of Bias | Leukopenia Frequency of acute
PBT, n=13 photon) |Yes (-1) Grade 3: 57% (14/30) Grade 3 or 4
Various tumors Consistency|vs. 46% (6/13) hematological
Unknown | Grade 4: 7% (2/30) v{toxicities was lower
Serious 31% (4/13) with PBT vs. photon
Imprecision |Grade 3 or RRR: 0.68| RT, however the
Yes (-1) (0.44, 1.08) overall sample size ig
Anemia small, particularly in
Grade 3: 0% (0/30) vithe photon goup.
15% (2/13); p=0.493 | There is insufficient
Grade 4: 0% (0/30) vy evidence to draw
0% (0/13) conclusions.
Thrombocytopenia:
- Grade 3: 20%6/30)
vs. 31% (4/13) a
- Grade4: 3% (1/30) INSUFFICIENT
vs. 23% (3/13)rade
3 or 4 RR0.43 (0.19,
0.98)
Final
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adj RR= adjusted risk ratio; Cl = Confidence Interval; f/u = foipWSIQ = Full Scale Intelligence Quotient; HR = Hazard Ratio;

IMRT = Intensity Modulated Radiati@herapy; 1Q = Inteligence Quotient; NR = Not Reported; NS = Not significant; OR = Odds

ratio; OS = Overall Survival; PBT = Proton Beam Therapy; PFS = Progression Free Survival; PSI = Processing Speed Index; RFS =
Recurrence Free Survival; RR = crude Rits&;RT = Radiation Therapy; SOE = Summary of Evidence

* PBT was compared with IMRT in Bishop, Gunther and Sato; IMRT or 3DCRT was used in Eaton; Kopecky had 3 arms; PBT, IMRT
and 2D/3D CRT but effect sizes were only reported for PBT vs. 2D/3D CRTP&d fa. IMRT;

U {Id2 FYR DdzyGKSNJ NBLR2NI 2y (GKS &alryY$S dzyRSNXeéeaAy3da LI GASy(d L2LI
5t .¢ gl a R2YyS & d&aRSTA Y iopekadvd/adjuiamBedatinenSn/4d%, sajvage togatmentynfRi2%.J2 & (i

§ 517 ptsdf the 1300 identified) diagnosed after 2009 were excluded from survival analysis leaving 783 for survival analysis

across three treatment groups but authors do not specify to which treatment group they belong or the number of patient with

PBT and CRT whiwvere compared in survival analysis

** Authors do not provide mean changes only beta coefficients awdlpes; Beta coefficients represent the increase or if

negative, decrease in points per year on each index by treatment group. Inclusion of O imtidecce interval signifies results

are not statistically significant.

Reasons for downgrade:

1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk ffealsurv

outcomes. Studies which did cwal for confounding via study design and/or statistical analyses (e.g. Adequate randomization

and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.

2. Inconsistency: differing estimates of effeatsoss studies; If effect size estimates across studies are in the same direction, do

not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of

single studies is unknown; evidence fromgiinstudies was not downgraded. Consistency is also unknown if there is of overlap

of study populations, use different treatment protocols and/or different treatment types (including useioferwention such

as chemotherapy).

3. Imprecise effect estinta for an outcome: small sample size and/or confidence interval includes both negligible effect and

appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidenae may b
downgraded twice. Iftheestil S Aa adl GAaGAOlItte AAAYATAOIY(dS AdG A& AYLINBOA.
SAGAYFGS Aa y2i adrdAradtaortte aAayAFAOLYy OGS Al A aunkhomh)NSOA &S A
confidence inteval and/or small sample size may result in downgrade.

4. Indirect, intermediate or surrogate outcomes may be downgraded.

Final
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Strength of Evidence Summary for Pediatric Head and Neck Tumors for Effectiveness and Safety

Outcome Time | Studies, Year, N,| Reason for | PBT vs. other RT *| Conclusion
Tumor Downgrade | Effect estimate Quality (SoE)
(95% ClI)
Head, Neck
Toxicity Acute | Grant (N=24) Risk of Bias | Grade 2/3 acute Mucositis may be less
1 Retro cohort Yesd (-1) toxicities: common following adjuvant
(N=24) Consistency | Dysphagia (0 vs. | PBT vs. adjuvant photon R
Salivary Gland Unknown 3/11), risk of other toxicities was
tumors Serious Otitis externa similar betweergroups.
Imprecision | (1/13 vs. 2/11),
Yes (-1) Mucositis (6/13 vs. a
10/11, RR 0.51 INSUFFICIENT
(0.27, 0.94).
Ocular (Salvage)
Effectiveness| Last Agarwal 2016 Risk of Bias | OS: 97.4% across | No comparative data
flu (N=39 patients, | Yes(-1) groups reported for OS.
3yrs | 47 eyes) Consistency Enucleatiorfree survival
PBT, Retinoblastoma | Unknown Enucleatiorfree was lower with PBT,
10 yrs Serious survival: however small sample size,
RT Imprecision | 38.5% vs. 54.5% | may preclude detection of
Yes (-2) statistical difference
Enucleation
performed: 37.5% a
(6/16 eyes) vs. INSUFFICIENT
29.6% (8/27 eyes)
Toxicity Acute Acute Toxicity: Although acute toxicities
Late PBT 93.8% vs. ER] were more common with

74.1%;
p =0.22 (mostly
skin erythema)

Late/long-term limited

(number of eyes):

PBT vs. ERT a

lyeg o6xm S INSUFFICIENT

62.5% (10/16 eyes
vs. 55.6% (15/27
eyes); p=0.275

PBT vs. Other Tx
Cataract: 5vs. 10
Vitreous
hemorrhage: 3 vs.
4

Radiation
retinopathy: 2 vs. 3
+Aadz £ F(
vs. 4

Strabismus: 1 vs. 2

PBT vs. ERT, differences
were not statistically
significant.Evidence is

adj RR= adjusted risk ratio; Cl = Confidence Interval; f/u = foip\ERT= electron beam radiation therapy; HR = Hazard Ratio;
IMRT = Intensity Modulated Radiation Therapy; NR = Not Reported; NS = Not sigl@fitan®dds ratio; OS = Overall Survival;

Final
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PBT = Proton Beam Therapy; PFS = Progression Free Survival; RFS = Recurrence Free Survival; RR = crude Risk Ratio; RT =
Radiation Therapy; SOE = Summary of Evidence

* Grant compared PBT (passive scatter n =8, ingnsodulated n=5) vs. other RT (electron bean n=8, IMRT n=3);
Agarwal compared PBT (passive scatter, n= 16 eyes) vs. photon or electron RT (n=27 eyes) and brachytherapy (n=
eyes).

Reasons for downgrade:

1. Serious risk of bias: Majority of studies dat control for confounding and/or did not account for time at risk for survival

outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g. Adequate randomizatio

and concealment, matching, multivariate regressipropensity matching) were not downgrade for risk of bias.

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in theciemeddire

not vary substantially or heterogeneity can be explaimedults may not be downgraded for inconsistency. The consistency of

single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there g of overla

of study populations, use different treatment protocols andfifferent treatment types (including use of -@atervention such

as chemotherapy).

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and
appreciable benefit or harm with the interméon; If sample size is likely too small to detect rare outcomes, evidence may be
R26y3aANI RSR (A0S LF GKS SadAyYrdsS Aa adlriaAradAalrttitheaAdyATAol
estimate is not statistically signifigal ¥ A G A& AYLINBOAAS AF G(GKS /L ONrPaasSa (KS (KNB
confidence interval and/or small sample size may result in downgrade.

4. Indirect, intermediate or surrogate outcomes may be downgraded.

Final
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Strength of Evidene Summary: Adult Tumors

Strength of Evidence Summary for Adult Brain, Spinal, Paraspinal Tumors for Effectiveness and Safety

Outcome Time Studies, Year,| Reason for PBT vs. Photon* Conclusion
N, Downgrading | Effect estimate (95%| Quality (SoE)
Tumor Cl)
Curative intent (KQ1)
Survival outcomes
Probability, 1-3 Adeberg 2017| Inconsistency| PBT boost + photon | Results across studies
overall survival | years | (N=132) Unknown vs. photon alone: and tumors types are
oh{ oM Retro case Imprecision | 1 year: 75%s. 85% | inconsistent
matched Yes (-1) 2 years: 40% vs. 439
cohort 3 years: 12% vs. 28% For those with high
Glioblastoma p=NS at all grade glioblastoma, PBT
(high-grade) timepoints boost tended to result in
5-years | Jhaveri 2018 | Inconsistency| PBT vs. any photon, | lower OS but higher PF§
(N=49,575) Unknown entire cohort: probability versus
Retro adj. HR 0.66, 95% CI photon alore; results
comparative (0.53 to 0.83); favors| were not statistically
database PBT significant but may be
study; clinically meaningful.
propensity PBT vs. any photon,
score propensityscore In the large database
matched matched: study of primarily high
cohort 46.1% vs. 35.5%, grade glioma,
(n=322) p=0.009 statistically higher 5
Glioma vs. IMRT: p=0.01 year overall survival wag
(91% high vs. 3DCRT: p=0.007| reported following PBT
grade) versus photon RT. Of
Probability, Adeberg 2017| Inconsistency| PBT boost + photon | note, the median fdow-
Progression (N=132) Unknown vs. photon alone: up period was
free survival Retro case Imprecision | 1 year: 31% vs 21% | significantly shorter in
0t C{ 0 matched Yes (-1) 2 years: 8% vs 2% | the PBT group (50.3 vs.
cohort p=NS at both 62.3 months). There is
Glioblastoma timepoints the potential for
(highgrade) misclassification in
database studies.
a a
LOW
Salvage therapy (KQ2)
Survival and recurrence outcomes
Probability, 6 mos. | Gunther 2017 | Risk of Bias | PBT vs. Photon: No statistical difference
overall survival | to 1 (N=37) Yes (-1) 6 mos.: 78.6% vs. between groups in OS &
year Retro cohort | Inconsistency| 69.6%, p=0.15 6 months, statistical
CNS Unknown M &SI NI T J testing not reported at 1
involvement | Imprecision | p=NR year; no statistical
in lymphoma | Ye$(-1) difference in CNS
or leukemia relapse risk.Samplesize
(pre-SCT)
Final
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Outcome Time Studies, Year,| Reason for PBT vs. Photon* Conclusion
N, Downgrading | Effect estimate (95%| Quality (SoE)
Tumor Cl)
CNS relapse 5 mos. PBT vs. Photon: may have played a role
7% (1/14)8 vs. 0% | in these findings.
(0/23); p=1.0
&
INSUFFICIENT
Safety (KQ3)
Acute Toxicity | Median | Adeberg 2017 PBT boost + photon | No statistical differences
0>Xo Y2adqis (N=132) vs. photon alone: between groups; unclea
mos. Retro case DNJ RS xH Y |ifdifferences may be
matched - vs. 14% (9/66), p=NH clinicallyimportant.
Imprecision . .
cohort Yed (1) Grade 3: 0% (0/66) | Sample size may have
Primary vs. 7.5% (5/66), p<0.| played a role in these
Glioblastoma findings.
(highgrade)
ada
LOW
During | Gunther 2017 PBT vs. Photon PBT resulted ia lower
CsSli (N=37) Mucositis, Grade 3: | frequency of mucositis
Retro cohort 7% (1/14) vs. 9% (any grade); no other
CNS (2/123), p=0.1 differences were seen
involvement Mucositis, any over acute or late term.
in leukemia/ | Risk of Bias | Grade: 7% (1/14) vs.| Sample size may have
lymphoma Yes (-1) 44% (10/23); RR 0.1¢ played a role in these
Salvage Imprecision | (0.02 to 1.15)** findings.
therapy (pre | Yes(-1) Gastrointestinal
SCT RT) (Grade NR): 29% a
(4/14) vs. 30% (7/23) INSUFFICIENT
p=1.Q
CNS (Grade NR): 21
(3/14) vs. 13% (3/23)
p=0.65
al[ I a PBT vs. Photon
Severe CNS
Y SdzNR (i 2 EA (
(1/14) vs. 0% (0/23),
p=NS
Radiation Median | Adeberg 2017| Inconsistency| PBT boost + photon | No cases of radiation
necrosis 15 N=132) Unknown vs. photon alone: necrosis outside the
(outside of mos. Retro case Imprecision | 0% (0/66) vs 0% treatment field in either
treatment field) matched Yes (-1) (0/66) group. Sample size may
cohort have played a role in the
Primary findings.
Glioblastoma
(high-grade) aa
LOW
Change in Median | Adeberg 2017| Inconsistency| PBT boost + photon | No statistical differenceg
symptomology, | 15 N=132) Unknown vs. photon alone: between groups in the
% (n/N) mos. Imprecision | Neurocognitive proportion of patients
Yes (-1) deficitsy 4 experiencing either
Final
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Outcome Time Studies, Year,| Reason for PBT vs. Photon* Conclusion
N, Downgrading | Effect estimate (95%| Quality (SoE)
Tumor Cl)
Retro case Worse(vs. baseline):| worsening of preexistig
matched 3% (2/66) vs. 6% symptoms or new
cohort (4/66) deficits following
Primary New: 9% (6/66) vs. | treatment
Glioblastoma 2% (2/66)
(high-grade) Sensorimotor ada

deficits? 4 LOW

Worse(vs. baseline):
3% (2/66) vs5%
(3/66)

New: 11% (7/66) vs.
14% (9/66)

Seizures 4
Worse(vs. baseline):
0% (0/66) vs. 0%
(0/66)

New. 2% (1/66) vs.
6% (4/66)

p=NS for all

CNS = central nervous system; Cl = confidence interval; CSI = craniospinal irradiation; KQ = Key Question; NR = néSreported;

= not statistically significant; PBT = proton beam therapy; Retetrespective; SCT = stem cell transplantation; SOE = strength

of evidence.

* Adeberg 2017Photon + PBT boost vs. Photon alone.

Gunther 2017 PBT (passive scatter) vs. Photon.

Jhaveri 2018: PBT vs. photons (IMRT;GRT, and other photon not specified).

wrtt REGE

SAGAYFGSR FTNRBY 3N} LKA
9aGAYFGOSR FNRBY 3INILK Ay |

8Also had concurrent systemic relapse and died from disease.
**Crude RR calculated by AAI using exact methods in Stata.

U/ KFENF OGSNAT SR

difficulty swallowing
44 1 dzii K2 N&

oe
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KS$a$
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g AlK

6& | dzi K2 NA P

oe

G2EAOAGE O

R A GEi3, deirGcodRit/¥ itngairmiest,Hoivér 8xtfemityyivBakngsS, dnisidntinence,

I a

sensorimotor deficits, and seizures weregpents in 30% (20/66) vs. 42% (28/66), 39% (26/66) vs. 30% (20/66), and 6% (4/66)
vs. 3% (2/66), respectively. The majority of patients withtperapeutic deficits showed a stable deficit level after

radiotherapy.

Reasons for downgrade:

1. Serious riskf bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival
outcomes. Studies which did control for confounding via study design and/or statistical analysesd@rigate randomization

and concealmet) matching, multivariate regression, propensity matching) were not downgrade for risk of bias.

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in theciemeddire

not vary substantially oheterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of

single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there g of overla

of study populations, useiffierent treatment protocols and/or different treatment types (including use ofic@rvention such

as chemotherapy).

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and
appreciabé benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be

R246y3aNI RSR

i6A08Sd LF

GKS SadAayYrasS Ara

estm- 68 A& y2i adriAaiA0rfte AAIYATAOLYUGZ Al A& AYLINBPAES
confidence interval and/or small sample size may result in downgrade.
4. Indirect, intermediate or surrogate outcomes maydmevngraded.
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Strength of Evidence Summary for Adult Breast Cancer for Effectiveness
Outcome Time | Studies, Year,| Reason for PBT vs. Photon/Electron | Conclusion
N, Downgrading | Boost* Quality (SoE)
Tumor Effect estimate (95% ClI)
Curative intent (KQ1)
Survival outcomes
Probability, | 5 Chowdhary Inconsistency | 91.9% vs. 88.9% No statistical difference
overall years| 2019 Unknown (unadjusted probabilities) | between PBT versus
survival (OS) (N=724,492) photon/electron boost
Retro Il R2dza G SR | wX| therapy for the
comparative 0.68 to 1.07), p=0.12 probability of OS at 5
database years.
study (NCDB) A secondadditional
multivariate analysis aa
conducted after stratifying LOW
for factors associated with
increase heart doses also
showed no difference.

Cl = confidence interval; KQ = Key Question; NCDB = National Cancer Data Base; PBT = proton beam therapy; Retro =
retrospective; SOE = strength of evidence.

*Aside from the breast, additional lymph node irradiation was indicated in 22% of pati€tkeer treatments received

included chemotherapy in 46% and endocrine therapy in 69%.

ULY YdzZ GAGFNRFGS |yl f e-Beyaicamotbititg stmrd) fadiity EeadeMic WiIndh&caderid, Ihduebiorl y
income, regional location, residence (urbas rural), laterality, pBtage, pNstage, receptor status, receipt of chemotherapy,
receipt of endocrine therapy, type of surgery, and year of diagnosis.

Reasons for downgrade:

1. Serious risk of bias: Majority of studies did not control for confoumdimd/or did not account for time at risk for survival
outcomes. Studies which did control for confounding via study design and/or statistical analysesd@rigate randomization

and concealment, matching, multivariate regression, propensity matchiegg not downgrade for risk of bias.

2. Inconsistency: differing estimates of effects across studieffelft size estimates across studies are in the same direction, do
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of
single studies is unknown; evidence from single studies wadawngraded. Consistency is also unknown if there is of overlap

of study populations, use different treatment protocols and/or different treatment types (including useiofewention such

as chemotherapy).

3. Imprecise effect estimate for an outconsnall sample size and/or confidence interval includes both negligible effect and
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidena may b
downgraded twice. If the estimate is statisticd @ &AIYAFAOlI yiGZ AG A& AYLINBOAEAS AT
SAGAYFGS Aa y2i adrdAradaolrtte arxayAFAOLydx Al A aunkhowh)NS OA
confidence interval and/or smalample size may result in downgrade.

4. Indirect, intermediate or surrogate outcomes may be downgraded.

Final
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Strength of Evidence Summary for Adult Esophageal Cancer for Effectiveness

Outcome

Time

Studies, Year, N,
Tumor

Reason for
Downgrading

PBT vsPhoton
(various)*

Effect estimate
oz [ LUy

Conclusion
Quality (SoE)

Probability,
overall
survival
(0S)

1 year

Xi 2017 (N=343)
Retro cohort

AC (71%) or SCC (299
Stage Il (66%); Stage
I/1l (34%)

None

yyi: Jao
Logrank, p=0.01

Fang 2018 (N=133,
stage Ill/IV subanalysis
only)

Retro propensityscore
matched cohort

AC (74%) or SCC (269

Imprecision

Yes (-1)

y ¥ QAo
Logrank, p=0.10

2 year

Xi 2017 (N=343)
Retro cohort

AC (71%) or SCC (299
Stage Il (66%); Stage
1/l (34%)

None

TR Qao
Logrank, p=0.01

Fang 201§N=133,
stage III/IV subanalysis|
only)

Retro propensityscore
matched cohort

AC (74%) or SCC (269

Imprecision

Yes (-1)

cc: Qao
Logrank, p=0.10

3 year

Xi 2017 (N=343)
Retro cohort

AC (71%) or SCC (299
Stage Il (66%); Stage
I/l (34%)

None

55%@ & ® 0o d
Logrank, p=0.01

Fang 2018 (N=133,
stage IlI/1V subanalysig
only)

Retro propensityscore
matched cohort

AC (74%) or SCC (269

Imprecision

Yes (-1)

ny:: @gao
Logrank, p=0.10

4 year

Xi 2017 (N=343)
Retro cohort

AC (71%) or SCC (299
Stage Il (66%); Stage
/1l (34%)

None

nm: @gao
Logrank, p=0.01

Fang 2018 (N=133,
stage lI/1V subanalysis
only)

Retro propensityscore
matched cohort

AC (74%) or SCC (269

Imprecision

Yes (-1)

nws: gao
Logrank, p=0.10

Probabilities of OS at
1year were similar,
however, over
subsequent years OS
was better following
PBT vs. IMRT or
3DCRT across both
studies. However,
statistical significance
was achieved in only
the largest study.

aa
LOW
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Outcome Time Studies, Year, N, Reason for PBT vsPhoton | Conclusion
Tumor Downgrading | (various)* Quality (SoE)
Effect estimate
0cpz /LU
5year | Xi2017(N=343) None 41.6% vs. 31.6%
Retro cohort adj. HR 1.45
AC (71%) or SCC (299 (1.09 to 1.94)
Stage Il (66%); Stage p=0.010
I/l (34%)
Stage Il only
34.6% vs. 25.0%
p=0.04
Fang 2018 (N=133, Imprecision | 42% vs. 19%; ad
stage llI/IV subanalysis| Yes (-1) HR 1.48 (0.93 to
only) 2.35), p=0.10
Retro propensityscore
matched cohort All patients HR
AC (74%) or SCC (269 0.82 (0.56 to
1.20), p=0.30
Mortality, % | 3 Lin 2017 (N=580) Consistency | 1 mo. postop: No statistically
(n/N) months | Retro cohort Unknown 0% vs. 1.5% differences; per
AC (92%) or SCC (8%)| Imprecision | (7/469), p=0.425| authors, the
Stage III/IV (63%) Yes (-1) differenceat 3
2 mos. posop: | months may be
0.9% (1/111) vs. | clinically meaningful.
2.6% (12/469),
p=0.59 aa
LOwW
3 mos. posop:
0.9% (1111) vs.
4.3% (20/469),
p=0.26
Median | Makishima 2015 Risk of Bias | 20% (5/25) vs. | No statistically
22 N=44 Yes (-1) 31.6% (6/19), significant differences
months | SCC (100%) Consistency | p=NR sample sizes are sma
Stage Il (52%); Stage | Unknown
I/l (48%) Imprecision a
Yes$ (-1) INSUFFICIENT
Probability, | 1 year | Xi2017 (N=343) None PFS: At all timepoints,
Progression Retro cohort 62% vs50%, PFS/DFS was better
free survival AC (71%) or SCC (299 p=0.001 following PBT vs. IMR
(PFS) or Stage Il (66%); Stage or 3DCRT across both
Diseasefree 111 (34%) studies. However,
survival statistical significance
(DFS) was achieved in only
Fang 2018 Imprecision | DFS: the largest study.
(N=133, stage lll/IV Yes (-1) 55% vs. 45%,
subanalysis only) p=0.11 aa
Retropropensityscore LOW
matched cohort
AC (74%) or SCC (269
Final
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Outcome Time Studies, Year, N, Reason for PBT vsPhoton | Conclusion
Tumor Downgrading | (various)* Quality (SoE)
Effect estimate
o0dpiz [/ LO
2year | Xi2017 (N=343) None PFS:
Retro cohort 50% vs. 33%,
AC (71%) or SCC (299 p=0.001
Stage Il (66%); Stage
I/1l (34%)
Fang 2018 Imprecision | DFS:
(N=133, stagdll/IV Yes (-1) 45% vs. 26%,
subanalysis only) p=0.11
Retro propensityscore
matched cohort
AC (74%) or SCC (269
3year | Xi2017 (N=343) None PFS:
Retro cohort 42% vs. 28%,
AC (71%) or SCC (299 p=0.001
Stage Il (66%); Stage
I/l (34%)
Fang 2018 Imprecision | DFS:
(N=133, stage IlIl/IV Yes (-1) 41% vs. 23%,
subanalysis only) p=0.11
Retro propensityscore
matched cohort
AC (74%) or SCC (269
4 year | Xi2017 (N=343) None PFS:
Retro cohort 39% vs. 24%,
AC (71%) or SCC (299 p=0.001
Stage Il (66%); Stage
I/l (34%)
Fang 2018 Imprecision | DFS:
(N=133, stage IlIl/IV Yes (-1) 41% vs. 23%,
subanalysis only) p=0.11
Retro propensityscore
matched cohort
AC (74%) or SCC (269
5year | Xi2017 (N=343) None PFS:
Retro cohort 34.9% vs. 20.4%
AC (71%) or SGE9%) adj. HR 1.56
Stage Il (66%); Stage (95% CI 1.19
I/l (34%) 2.05), p=0.001
Stage 11133.5%
vs. 13.2%,
p=0.005
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Outcome Time Studies, Year, N, Reason for PBT vsPhoton | Conclusion
Tumor Downgrading | (various)* Quality (SoE)

Effect estimate

6 pp: /LD

Fang 2018
(N=133, stage lll/IV
subanalysis only)

Retro propensityscore

matched cohort

AC (74%) or SCC (269

Imprecision
Yes (-1)

DFS:

41% vs. 18%, ad
HR 1.42 (0.92 to

2.19) p=0.11

adj. = adjusted; 3&LRT =-8limensional conformal radiation therapy; AC = adenocarcinoma; Cl = confidence interval; HR =

hazard ratio; KQ = Key Question; PBT = proton libarapy; IMRT = intensitsnodulated radiation therapy; NS = not
statistically significant; Retro = retrospective study design; SCC = squamous cell carcinomarayRadiaon therapy.
*Fang 2018PBT vs. IMRT
Lin 2017 PBT vs. IMRT and vs-GBT
Makishima 2015 passive scatter PBT vs. XRT
Shiraishi 2018PBT vs. IMRT
Xi 2017 PBT vs. IMRT

ULT y2

PPz

/L

Ad LINRJARS
A

9aldAYIFGISR FTNRY 3INI) LKA

Reasons for downgrade:

R Ay (-rark
y | NI A Of

vialles.f ST

nwB
ax
©

GKS | dziK2NB RAR yz2i

1. Serious sk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival
outcomes. Studies which did control for confounding via study design and/or statistical analysesd@ngate

randomization and concealemt, matching, multivariate regression, propensity matching) were not downgrade for risk of

bias.

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in thectemgeddire
not vary substantiallpr heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency
of single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of
overlap of study populations, ushfferent treatment protocols and/or different treatment types (including use of co
intervention such as chemotherapy).

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may
be dow/ A NI} RS R

iogArAOSd LT

0KS SadAayYlridsS Aa
GKS SadAayYrdsS Aa y2d adradAradaortte

unknown) confidence interval and/or small sample size may result in downgrade.
4. Indirect, intermediate or surrogate outcomes may be downgraded.
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WA Health Technology Assessment April 15, 2019
Strength of Evidence Summary for Adult Esophageal Cancer for Safety
Outcome Time Studies, Year, | Reason for PBT vs. various Conclusion
N, Downgrading | photon Quality (SoE)
RoB Effect estimate (95%
Tumor Cl)
Indication
RFrelated toxicities
Radiation NR Xi 2017 None PBT vs. IMRT: For PBT versus IMR
pneumonitis, (N=343) 1.5% (2/132) vs. 2.8% with the exception of
AN} RS xd Retro cohort (6/211), p=NS grade 4 radiation
AC (71%) or induced lymphopenia
SCC (29%) (2 studies) and
Stage 1l (66%); wound events (1
Stage 1/1(34%) study) which were
Late Makishima Risk of Bias | PBT vs. XRT: less common with
2015 (N=44) | Yesd(-1) 0% (0/25) vs. 5.3% | PBT, the frequency o
Retro cohort Imprecision | (1/19), p=NS all other Rirelated
SCC (100%) | Yes(-1) andtreatment-
Radiation NR Xi 2017 None PBT vs. IMRT: related toxicities and
esophagitis, (N=343) 11.49%(15/132) vs. adverse events did
INI RS xd Retro cohort 14.2% (30/211), p=N9g not differ statistically
AC (71%) or between groups.
SCC (29%)
Radiation Acute | Fang 2018 Imprecision | PBT vs. IMRT: For PBT vs. 3DCRT (
induced (during | (N=220) Yes (-1) 31% (34/110) vs. 47% XRT, with the
lymphopenia, RT; Retro (52/110); adjOR 0.47 | exception of Gl
grade 4 timing | propensity (0.26 to 0.84) p=0.01 | events, PBT was
NOS) score matched associated with a
cohort statistically lower
AC (74%) or frequency of any
SCC (26%) treatment-related
Acute | Shiraishi 2018 | Imprecision | PBT vs. IMRT: toxicity (i.e.,
(during | (N=272) Yes (-1) 17.6% (24/136) vs. pulmonary, cardiac,
RT; Retro 40.4% (55/136)adj | and wound events;
timing | propensity OR0.29 (0.16t0 0.52) AN} RSa xH
NOS) | score matched p<0.0001 specified) across
cohort three studies. There
AC (97%) or were no differences
SCC (3%) in the f[equency of
Treatmentrelated toxicity* ANF RS xo N
Esophageal NR Xi 2017 None PBT vs. IMRT: pneumonitis and
fistula, (N=343) Esophageal fistula: 09 Pleural effusion
Esophageal Retro cohort (0/132) vs. 1.4% between PBT vs. XR]
stricture, grade AC (71%) or (3/211) in one small study.
X 0 SCC (29%) Grade 5: 0% (0/132 L
vs. 0.5% (1/211) aa
Esophageddtricture: LOW
9.8% (13/132) vs.
8.1% (17/211)
Grade 5: 0% (0/132
vs. 0.5% (1/211)
p=NS for all
Final
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Outcome Time Studies, Year, | Reason for PBT vs. various Conclusion
N, Downgrading | photon Quality (SoE)
RoB Effect estimate (95%
Tumor Cl)
Indication
Any pulmonary | Acute Lin (2017) Imprecision | Grade NR
event (post (N=580) Yes (-1) PBT 16.2% (18/111)
2 LJO U| Retro cohort IMRT. 24.29%62/255)
AC (92%) or 3DCRT39.5%
SCC (8%) (85/214)
PBTvs. IMRTadj. OR
0.58 (95% CI1 0.32 to
1.05), p=0.08
PBTvs. 3DCRTad,.
OR 0.34 (95% CI 0.1
to 0.61), p<0.001
Late Makishima Risk of Bias | PBT vs. XRT:
2015 (N=44) | Yesd(-1) DN} RS XHY
Retro cohort Imprecision | vs. 42.1% (8/19),
SCC (100%) | Yes(-1) p<0.001
Pleural effusion,| NR Xi 2017 None PBT vs. IMRT:
INI RS xd (N=343) 0.8% (1/132) vs. 1.9%
Retro cohort (4/211), p=0.19
AC (71%) or
SCC (29%)
Late Makishima Risk of Bias | PBT vs. XRT:
2015 (N=44) Yes (-1) 0% (0/25) vs. 5.3%
Retro cohort Imprecision | (1/19), p=NS
SCC (100%) | Yes(-1)
Any cardiac Acute Lin (2017) Imprecision | Grade NR
event (post (N=580) Yes (-1) PBT: 11.7% (13/111)
2 LJO U| Retro cohort IMRT: 11.7% (30/255
AC (92%) or 3DCRT: 27.4%
SCC (8%) (59/214)
PBTvs. IMRTadj. OR
0.87 (95% Cl1 0.42 to
1.77), p=0.7¢0
PBTvs. 3DCRTad,].
OR 0.34 (95% CI 0.1
to 0.66), p=0.002
Late Makishima Risk of Bias | PBT vs. XRT:
2015 (N=44) | Yesd(-1) Gradex H Y 2
Retro cohort Imprecision | vs. 52.6% (10/19)
SCC (100%) | Yes(-1) p<0.001
RR 0.08 (0.01 to
ndpnov4y
Pericardial NR Xi 2017 None PBT vs. IMRT:
effusion, grade (N=343) 0.8% (1/132) vs. 2.4%
X 0 Retro cohort (5/211), p=0.19
AC (71%) or
SCC (29%)
Final
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Outcome Time Studies, Year, | Reason for PBT vs. various Conclusion
N, Downgrading | photon Quality (SoE)
RoB Effect estimate (95%
Tumor Cl)
Indication
Late Makishima Risk of Bias | PBT vs. XRT:
2015 (N=44) Yes (-1) 0% (0/25) vs. 0%
Retrocohort Imprecision | (0/19), p=NS
SCC (100%) | Yes(-1)
Any Gl event, Acute Lin (2017) Imprecision | Grade NR
any wound (post (N=580) Yes (-1) Gl event
event 2 LJO U| Retro cohort PBT18.9% (21/111)
AC (92%) or IMRT: 23.0% (59/255
SCC (8%) 3DCRT: 20.9%
(45/214)
Chi Squaredpalue:
p=0.656
Wound event
PBT: 4.5% (5/111)
IMRT: 14.1% (36/255
3DCRT: 15.3%
(33/214)
PBTvs. IMRTadj. OR
0.28 (95% Cl 0.11 to
0.73), p=0.009
PBT vs3D-CRTOR
0.26 (95% CI 0.10
0.68), p=0.006
Readmission H Y 2| Lin (2017) Imprecision | PBT: 17.1% (19/111)
within 60 days (N=580) Yes (-1) IMRT: 15.6% (40/255
or death during Retro cohort 3DCRT: 23.7%
same AC (92%) or (51/214)
hospitalization SCC (8%) Chi Squaredpalue:
p=0.070

3D-CRT: dlimensional conformal radiation therapy; AC: adenocarcinoma; Cl: confidence interval; PBT: proton beam therapy;

IMRT: intensitymodulated radiation therapy (photons); NOS: not otherwise specified; NS: not statistically significasdd®R:
ratio; postop: postoperative; Retro: retrospective study design; RR: risk ratio; SCC: squamous cell carcinomaayxRT: X

radiation therapy.

*Not directly stated by authors as relatedto RD I f f SR

GNIBNS | (GSYREYTH 6 S O dzaedving coricurrédtofi A Sy (1 a

adjuvant chemotherapy is it unclear the degree to which PBT directly affected these outcomes.

Wttt
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resection (most eammonly esophagectomy 84%); follayp period postop is unclear though appears to be up to 3 months.

Postoperative complications were identified from hospital notes, discharge summary, and/or from a prospectively collected

surgical database.

4/ NMzR S ulated by@RnIf O

Reasons for downgrade:
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk fiealsurv
outcomes. Studies which did control for confounding via study design astHtstical analyses (e.g\dequate

randomization and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of

bias.

2. Inconsistency: differing estimates of effects across studies; If effect size estimates stadies are in the same direction, do

not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency

of single studies is unknown; evidence from single studies was not downgraded. Consstdaoyunknown if there is of
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overlap of study populations, use different treatment protocols and/or different treatment types (including use of co
intervention such as chemotherapy).

3. Imprecise effect estimate for an outcome: small sample size andfdidence interval includes both negligible effect and
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may
be downgraded twice. If the estimate is statistically significant, itisdpA 8 S AF GKS /L NIy3aSa FTNBY 4&°
GKS SadGAYIFIGS Aa y2G adlraAaacAOrtte aAIyATFAOIYGT A@r A& AYLINBC
unknown) confidence interval and/or small sample size may resultwndoade.

4. Indirect, intermediate or surrogate outcomes may be downgraded.

Final
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Strength of Evidence Summary for Adult Gastrointestinal (Pancreas) Cancer for Effectiveness and

Safety

Outcome

Time

Studies, Year, N,
Tumor

Reason for
Downgrading

PBT (sposcanning)
vs. HART

Effect estimate (95%
Cl)

Conclusion
Quality (SoE)

Curative intent (KQ1

Probability,
overall
survival (OS)

1-3
years

Maemura 2017
(N=25)
Retro cohort

Adenocarcinoma
(locally advanced
and unresectable)

Disease
control, %
(n/N)

NR

Local
progression,
% (n/N)

NR

Metastasis,
% (n/N)

NR

Risk of Bias
Yesd (-1)

Consistency
Unknown

Imprecision
Yes (-1)

1-year: 80% vs. 86.7%
2-year: 45% vs. 33.3%
3-year: 22.5% vs.
26.6%

p=NS at all timepoints

80% (8/10) v83%
(14/15), p=NR; RR 0.8
(0.61 to 1.20)*

40% (4/10) vs 60%
(9/15), p=NR; RR 0.60
(0.26 to 1.39)*

Any: 30% (3/10) vs.

20% (3/15)

9 Lung: 10% (1/10) v
0% (0/15)

1 Liver: 30% (3/10) v
6.7% (1/15)

9 Peritoneum: 10%
(1/10) vs 13.3%
(2/15)

p=NR

Safety (KQ3)

(Curati

ve intent only)

Acute
¢2EAOA
mos.)

NR

Maemura 2017
(N=25)
Retro cohort

Adenocarcinoma
(locally advanced
and unresectable)

Risk of Bias
Yed (-1)

Consistency
Unknown

Imprecision
Yes (-1)

RTFrelated Toxicities,
% (n/N)
Hematological
Leukopenia

9 Grade 2: 10%
(1/10) vs. 13%
(2/15)

1 Grade 3: 0% (0/10)
vs. 20% (3/15)

Thrombocytopenia:

1 Grade 2: 10%
(1/10) vs. 20%
(3/15)

1 Grade 3: 0% (0/10)
vS. 6.7% (1/15)
Neutropenia; Anemia:

9 Grade 2 03: 0%

(0/10) vs. 0% (0/15

No statistically
significant differences
were seen between
PBT and HART for any
primary outcome (OS,
disease control, local
progression, and
metastasis) or for any
acute Rirelated
toxicity (hematological
and non
hematological); clinica
importance of
differences is unclear.
The sample size was
very small.

§
INSUFFICIENT
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Outcome Time

Studies, Year, N,
Tumor

Reason for
Downgrading

PBT (sposcanning)
vs. HART

Effect estimate (95%
Cl)

Conclusion
Quality (SoE)

Non-hematological

Ulcer:

1 Grade 2: 10%
(1/10) vs 0% (0/15)

1 Grade 3: 10%
(1/10) vs 0% (0/15)

Nausea:

9 Grade 2: 0% (0/10)
vs. 7% (1/15)

9 Grade 3: 0% (0/10)
vs. 0% (0/15)

Anorexia:

9 Grade 2: 0% (0/10)
vs. 20% (3/15)

9 Grade 3: 0% (0/10
vs. 0% (0/15)

Malaise

9 Grade 2 or 3: 0%
(0/10) vs. 0% (0/15

No grade 4 toxicities
occurred in either

group

Cl = confidence interval; HART = Hyfpactionated accelerated RT; KQ = Key Question; NR = not reported; PBT = proton beam

therapy; Retro etrospective study design; RR = risk ratio; SOE = strength of evidence.
*Crude RR calculated by AAI.

Reasons for downgrade:

1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk fiealsurv
outcomes. Studies which did control for confounding via study design and/or statistical analysésd@ggate randomization
and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.

2. Inconsistencydiffering estimates of effects across studies; If effect size estimates across studies are in the same direction, do
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of
single studks is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of overlap

of study populations, use different treatment protocols and/or different treatment types (including useiofewention such

as chemotherpy).

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, eviderm®e may
a0radAadAOlf fiheaAIyATFAOL

R2gy3aINI RSR
SadAYLGS A&

GogArA0OSd LT
y2i

GKS SadAyYrasS Aa

A01FrGAa0A0LEte aAIYATAOIYGZ A GdeXohuntndWn)NBE OA & S

confidence interval and/or small sample size may result in downgrade.
4. Indirect, intermediate or surrogate outcomes may be downgraded.
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Strength of Evidence Summary for Adult Head and Neck Tumors for Effectiveness and Safety

Outcome

Time

Studies, Year, N,
Tumor

Reason for
Downgrading

PBT* vs. IMRT
Effect estimate
(95% ClI)

Conclusion
Quality (SoE)

Curative intent (KQ1)

Survival outcomes

Probability, | 1-year | Romesser 2016 Risk of Bias | 83.3% vs. 93.3%| Regardless of tumor types
overall (N=41) Yed (-1) p=0.08 no statistically significant
survival (OS) Retro cohort Consistency differences were seen
Salivary gland Unknown between PBT and IMRT ir|
cancer Imprecision the probability of1-3 year
(primary or Yes (-1) OS (2 studies) or-gear
metastasis) PFS (1 study) or in the
3-years | Blanchard 2016 Consistency | 94.3% vs. 89.3%| incidence of altause
(N=150) Unknown | adj. HR 0.55 mortality (1 study). Clinica
Retro case Imprecision | (95% Cl 0.1to | significance of differences
matched cohort Yes (-1) 2.5), p=0.44 is unclear.
Oropharyngeal
cancer ad
(primary) LOW
Probability, | 3-years | Blanchard 2016 Consistency | 86.4% vs. 85.8% for primary
progression (N=150) Unknown | adj. HR 1.0 (95%  oropharyngeal and
free survival Retro case Imprecision | Cl 0.4 to 2.6), nasopharyngeal cancer
(PFS) matched cohort Yes (-1) p=0.99
Oropharyngeal a
cancer INSUFFICIENT
(primary) for salivary cancer
All-cause Median | Holliday 2015 Consistency | 10% (1/10) vs. (primary or metastatic)
mortality, % | 24 mos. | (N=30) Unknown | 5% (1/20), p=NS
(n/N) Retro case Imprecision
matched cohort Yes (-1)
Nasopharyngeal
cancer
(primary)
Safety (KQ3) (Curative intent only)
Toxicities and other adverse events
Acute >Xo Y| RomesseR016 Risk of Bias | Dermatitis: There were no statistically|
toxicity (N=41) Yed (-1) 27.8% (5/18) vs. | significant differences in
INI RS Retro cohort Consistency | 34.8% (8/23) GKS FNBIdzSyd
Salivary gland Unknown | Mucositis: 0% acute or late toxicities
cancer Imprecision | (0/18) vs. 8.7% | following PBT versus IMR
(primary or Yes (-1) (2/123) across three studies.
metastasis) Nausea, Clinical significance of
Dysphagia, differences is unclear.
Dysgeusia, Sample size and residual
Fatigueno confounding and/or tumor
Final
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Outcome

Time

Studies, Year, N,
Tumor

Reason for
Downgrading

PBT* vs. IMRT
Effect estimate
(95% ClI)

Conclusion
Quality (SoE)

events in either
group

p=NS for all

no grade 4
events in either

group

Blanchard 2016
(N=150)

Retro case
matchedcohort
Oropharyngeal
cancer
(primary)

Consistency
Unknown
Imprecision

Yes (-1)

Dermatitis: Data
NR, p=0.15
Mucositis: Data
NR, p=0.90
Weight loss
(>20% vs.
baseline): 8.3%
(4/48) vs. 13.5%
(13/98); adj OR
0.64 (95 C1 0.19
to 2.11)

Fatigue (grade 2
or 3):40.8%
(20/49) vs.
36.2% (34/94);
adj OR 1.1 (95%
Cl 0.53 t0 2.27)
Xerostomia
(grade 2 or 3):
42% (21/50) vs.
61.2% (60/98);
adj OR 0.38 (959
C10.18t0 0.79)

Holliday 2015
(N=30)

Retro case
matched cohort
Nasopharyngeal
cancer

(primary)

Consistency
Unknown
Imprecision
Yes (-1)

Any Grade 3
event: 50%
(5/10) [9 events]
vs. 90% (18/20)
[30 events]; RR
0.56 (95% ClI
nond 02
Dermatitis
(Grade 3): 40%
(4/10) vs. 25%
(5/20); RR 1.6
ndpp G2
Any Grade 4/5
events: 0% vs.
0%

Swallowing
dysfunction: 0%

type and stage may have
played a role in some of

these findings.

a &
LOW

for acute (based on
highest quality studies)
and late toxicity
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Outcome Time Studies, Year, N, | Reason for PBT* vs. IMRT | Conclusion
Tumor Downgrading | Effect estimate | Quality (SoE)
(95% CI)
(0/10) vs. 15%
(3/20), p=0.175
Mean
percentage (IQR
body weight lost
from pre to post
RT: 5.7% (4.5%
to 11.2%) vs.
7.6% (6.1% to
12.1%), p=0.333
Late toxicity | 1 year | Blanchard 2016 Consistency | Weight loss
INI RS (N=150) Unknown (>20% vs.
Retro case Imprecision | baseline): 6.7%
matched cohort Yes (-1) (3/45) vs. 19.3%
Oropharyngeal (17/88); adj OR
cancer 0.28 (95 C1 0.08
(primary) to 1.05)
Fatigue (grade 2
or 3): 14.6%
(7/48) vs. 22.1%
(17/77); adj OR
0.5 (95% C1 0.18
to 1.36)
Xerostomia
(grade2 or 3):
42% (21/50) vs.
47.2% (42/89);
adj OR 0.63 (959
Cl10.30 to 1.33)
NR Holliday (N=30) Consistency | Any Grade 3
(median | Retro case Unknown event; 30%
24 matched cohort Imprecision | (3/10) [5 events]
mos.) Nasopharyngeal | Yes(-1) vs. 15% (3/20) [3
cancer events]; RR 2.0
(primary) (95% Cl1 0.49 to
ydomy 0 U
Gastrostomy | Acute Blanchard 2016 Consistency | o Y 2 y (i K GT dependence tended tg
tube (N=150) Unknown (6/50) vs. 23% | be lower with PBT,
dependence Retro case Imprecision | (23/100);adj OR | however adjusted
matched cohort Yes (-1) 0.43 (95% ClI estimates from the largest
Oropharyngeal 0.16to 1.17) study were not statistically
cancer significant, while smaller
(primary) studies in different cancer
Final
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Outcome Time Studies, Year, N, | Reason for PBT* vs. IMRT | Conclusion
Tumor Downgrading | Effect estimate | Quality (SoE)
(95% CI)
Holliday (N=30) Consistency | During or after | types reported statistically
Retro case Unknown RT: 20% (2/10) | significant differenes. For
matched cohort Imprecision | vs. 65% (13/20), | the smallest study, the
Nasopharyngeal | Yes(-1) p=0.02; adj. OR | large confidence interval
cancer 9.33(95% ClI suggest instability of the
(primary) 1.74 to 75.96), | effect estimate. Clinical
p=0.008 significance of differences
McDonald 2016 Consistency | End of RT: adj. | is unclear.
(N=40) Unknown OR 0.03 (95 % C
Retro comparative| Imprecision | <0.01 to 0.15), | Itis unclear what role
cohort Yes (-1) p<0.001 differences in study
Nasopharynx, 1 monthpost- populations (including
nasal cavity or RT: adj. OR 0.11| tumor characteristics, etc.
paranasal sinus (95% CI <0.01 to| and possible residual
cancers (primary) 0.61), p=0.028 | confounding may play in
Romesser 2016 Risk of Bias | o Y 2 y (i K these findings.
(N=41) Yed (-1) vs. 0% (reactive
Retro cohort Consistency | gastrostomy ada
Salivary gland Unknown tube or Low
cancer Imprecision | tracheostomy)
(primary or Yes (-1)
metastasis)
Late Blanchard 2016 Consistency | 1 year: 2% (1/50
(N=150) Unknown vSs. 7.8% (7/90);
Retro case Imprecision | adj OR 0.16 (959
matched cohort Yes (-1) Cl10.02 to 1.37)
Oropharyngeal
cancer
(primary)
Sharma 2018 Consistency | 6 months: 0% vs
(N=64) Unknown 0%
Prospective cohort| Imprecision
Oropharyngeal Yes (-1)
cancer
(primary)
ED visit or During | Blanchard 2016 Consistency | ED visit: No statistically significant
hospital RT (N=150) Unknown 32%(16/50) vs. | differences in the
ization Retro case Imprecision | 32% (32/100); frequency of ED visits or
matched cohort Yes (-1) adj. OR 0.95 unplannedhospitalizations
Oropharyngeal (95% CI 0.45 to | following PBT versus IMR
cancer 2.0)
(primary) Unscheduled aa
hospitalization: LOW
20% (10/50) vs.
21% (21/100);
Final
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Outcome Time Studies, Year, N, | Reason for PBT* vs. IMRT | Conclusion
Tumor Downgrading | Effect estimate | Quality (SoE)
(95% CI)
adj OR 0.92 (959
Cl10.391t0 2.2)
Osteoradic | Median | Zhang 2017 Risk of Bias | Any grade: 2% | No statistically significant
necrosis 34 mos. | (N=584) Yes (-1) (1/50) vs. 7.7% | differences in the
Retro cohort Consistency | (41/534); RR frequency of
Oropharyngeal Unknown 0.26 (0.04 to osteoradionecrosis
cancer Imprecision | M dy p U X following PBT wsus IMRT,
(primary) Yes (-1) Grade 3: 0% The small number of
(0/50) vs. 0.9% | patients for PBT may
(5/534) preclude identification of
Grade 4: 0% rare events and residual
(0/50) vs. 2.2% | confounding may have
(12/534) played role in some of
Grade 3 or 4: 0% these findings.
(50) vs. 3.2%
(17/534) a
p=NS for all INSUFFICIENT

adj. = adjusted; CI = confidence interval, ED = emergency departhiignt;hazard ratio; KQ = Key Question; OR = odds ratio;
PBT = proton beam therapy; IMRT = intensitydulated radiation therapy; NS = not statistically significant; Retro =
retrospectlve study design; RT = radiation therapy.

* Blanchard 2016intensity modilated spotscanning PBT vs. IMRT

Holliday 2015 intensity modulated spescanning PBT vs. IMRT

McDonald 20163D conformal PBT vs.IMRT

Romesser 2018Jniform scanningbeam PBT vs. IMRT

Sharma 2018Adjuvant pencil beam scanning PBT vs. IMRT via volumeidalated arc therapy (VMAT) following transoral

robotic surgery and selective neck dissection

Zhang 2017intensity modulated spescanning PBT vs. IMRT
W/ NHzRS ww OIF £ OdzA F SR o6& ! Lo ¢KS avlft yeawsn®&N 2F LI GASyda ¥

Reasons for downgrade:

1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk fiealsurv

outcomes. Studies which did control for confounding via study design and/or statistidgsesge.g Adequate randomization

and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studitseaame direction, do

not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of

single studies is unknown; evidence from single studies was not downgraded. Consistency is also ifrikeosvis of overlap

of study populations, use different treatment protocols and/or different treatment types (including useiofewention such

as chemotherapy).

3. Imprecise effect estimate for an outcome: small sample size and/or confidenceahieciudes both negligible effect and

appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidena may b
downgraded twice. If the estimate is statistically significant, it is imprecise iftNdQY 3S& FTNRY daYAf RE {2 c'x & dzo 2
SAGAYFGS Aa y2i adrdAradaaolrtte aAIYyAFAOLYGS Al A aunkhomh)NSOA &S A
confidence interval and/or small sample size may result in downgrade.

4. Irdirect, intermediate or surrogate outcomes may be downgraded.

Final
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Strength of Evidence Summary for Skblise Head and Neck Cancer for Effectiveness

Outcome Time Studies, Reason for | Surgery + adjuvant PBT | Conclusion
Year, N, Downgrading | vs. Surgery alone Quality (SoE)
Tumor RR(95% CI)*
Curative intent (KQ1)
Survival and tumor control outcomes
Probability, 5,10 | Simon 2018 | Risk ofBias | 5-and 1Gyear DSS in: The probability of
diseasespecific | years N=47 Yesd (-1) All patients PFS, but not DSS, at
survival (DSS) (n=34 Consistency | 100% vs. 89.8% (76.2% | and 10 years as
petroclival Unknown 100%), p=0.138 statistically better
only) Imprecision | Petroclival patients only | following surgery
Yes (-1) 100% vs. 76.4% (46.1% { with adjuvant PBT
Retro 100%), p=0.028 versus surgery alone
Probability, 5-, 10 | comparative All patients PBT resulted in
progressionfree | years cohort 5-year. 100% vs. 67.8% | improved DSS and
survival (PFS) (47.7% to 88.0%) PFS at both time
Chondre 10-year. 87.5% (64.6% to| points for the
sarcoma 100%) vs. 58.2% (33.5%| subgroup of patients
(grade II) to 82.8%) with petroclival
p=0.006 tumors. Local control
Petroclival patients only | was statistically
5-year. 100% vs. 50% better following
(15.4% t0B4.6%) adjuvant PBT.
10-year. 85.7% (59.8% to
100%) vs. 50.0% (15.4% a
to 84.6%) INSUFFICIENT
p=0.001
Proportion of Median Local relapse:
patients 7.5 4.3% (1/23) vs. 33%
experiencing years (8/24); RR 0.13, 95% ClI
local relapse, or 0.02 to 096, p=0.01
regional or (5/9 patients went on to
distant receive secondary protor
metastases% therapy)
(n/N) Regional or distant
metastases0% vs. 0%
Safety
Any Median | Simon 2018 | Risk of Bias | 68% (19/28) vs. 26% Unadjusted estimateg
complication, % | 7.5 N=28 for Yesd (-1) (12/47), RR 2.7 (1.5to0 | of treatmentrelated
(n/N) years PBT and 47 | Consistency | 4.6) death and severe
l'ye 3INI H T 2 NJ & df Unknown 25% (7/28) vs. 11% complications (grade
toxicity, % (n/N) Imprecision | (5/47), p=0.10 0 G2EAOAC
Retro Yes (-1) differ statistically
Treatment comparative 0% (0/28) vs. 2% (1/47), | betweengroups,
related death, % cohort p=0.44 however, patients
(n/N) who received
Hearing loss and Chondro Sensorineural hearing | adjuvant PBT had a
dizziness, % sarcoma l0ss:39% (11/28) vs. 6% | higher risk of
(n/N) (grade II) experiencing any
Final
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Outcome Time Studies, Reason for | Surgery + adjuvant PBT | Conclusion
Year, N, Downgrading| vs. Surgery alone Quality (SoE)
Tumor RR(95% CI)*
(3/47), RR6.21.9 t0 complication,
20.2) specifically

Severe hearing los®1% | sensorineural and
(6/28) vs. 4% (2/47), RR | severe hearing loss.
5.0 (1.1 t0 23.3) However, confidence
Conductive hearing loss:| intervals were wide
11% (3/28) vs. 4% (2/47)| suggesting instability
p=0.28 of the effect
Dizziness14% (4/28) vs. | estimate.

0% (0/47), p=0.008

Other Vision loss11% (3/28) a
complications Hypopituitarism: 18% INSUFFICIENT
from PBT, % (5/28)

(n/N) Temporal lobe necrosis

18% (5/28)
ClI = confidence interval; KQ = Key Question; NCDB = National Cancer Data Base; PBT = proton beam therapy; Retro =
retrospective; SOE = strength of evidence.

*Crude RRs and 95% Cls wereuated by AAI.

Mttt LI GASyda 6SNB AyOftdzRSR Ay S@ltdd dAzy 2F O02YLX o®OF GA2ya
of complications due to PBT (23 primary treatment and 5 secondary PBT treatmenttipllmeal relapse).

Reasoms for downgrade:

1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk fiealsurv
outcomes. Studies which did control for confounding via study design and/or statistical analysesd@ngate randomization

and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in thectameddire
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if thexdap of ov
of study populations, use different treatment protocols and/or different treatment types (including useiofewention such

as chemotherapy).

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidenae may b

dowy AN} RSR (G 6A0S® LF GKS SadAayYlrdasS Aa atkiaradAaorffeaftieAIyATAOl yi
S A

SAGAYFGS Aa y2i adrdradtaortte aAaIyAFAOLY G Al A aunkhowh)NBS OA &
confidence interval and/or small sample size may result in downgrade.
4. Indirect, intermediate or surrogate outcomes may be downgraded.

Final
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Strength of Evidence Summary for Adult Liver Tumors for Efficacy and Safety
Outcome Time Studies, Reason for PBT (passive scatter) vs| Conclusion
Year, N, Downgrading | TACE (RCT) or vs. IMRT Quality (SoE)
RoB (Observational study)
Tumor Effect estimate (95% CI)

Curative intent (KQ1)

Randomized controlled trial

Probability,
overall survival
(0s)

2-year

Probability,

progression
free survival
(PFS)

2-year

Probability,
local control
(LC)

2-year

Bush 2016
(N=69)
RCT
Moderately
low RoB
HCC

Consistency
Unknown
Imprecision
Yesd (-1)

All patients: 59% (NR)
Patients receiving liver
transplant post
treatment (n=22): 82%
(NR)

p=NS for both, data not
provided

48% (NR) vs. 31% (NR);
p=0.06

88% (NR) vs. 45% (NR);
p=0.06

No significant
difference between
groups in the
probability of 2year
OS; patients who
received PBT tended
to have improved
probability of 2year
PFS and local tumor
control compared
with TACE patients,
although the
difference did not
reach statistical
significance. Re#is
are from interim
analysis of an
ongoing trial.

ad &
MODERATE

Observational study

Probability, 2-year Sanford 2019| Inconsistency| 59.1% vs. 28.6%; adj. Hl OS was significantly
overall survival (N=133) Unknown 0.47 (95% CI1 0.27 to higher following PBT
(0S) Retrospective| Imprecision | 0.82) vs. IMRT but there
cohort study | Yes(-1) was no difference in
Moderately local and regional
high RoB control between
HCC groups.
Probability, 2-year Local control
local and (cumulative incidence): aé
locoregional 93% (NR) vs. 90% (NR); LOW
control HR for cumulative
incidence otfocal failure
0.74 (95% CI1 0.18 to
3.01)
Locoregional recurrence
(cumulative incidence):
53% vs. 42%; adjusted
HR 0.98 (95% CI 0.54 tg
1.75).
Final
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Outcome Time Studies, Reason for PBT (passive scatter) vs| Conclusion
Year, N, Downgrading | TACE (RCT) or vs. IMR1 Quality (SoE)
RoB (Observational study)
Tumor Effect estimate (95% CI)

Safety (KQ3) (Curative intent only)

Randomized controlled trial

Acute Toxicity | NR Bush 2016 Consistency | Acute toxicity was Limited information
0Xo Y2a (N=69) Unknown generally limited to the | provided on acute
RCT Imprecision | following, which were toxicity. Significantly
Moderately | Yes(-1) experience by most fewer patients who
low RoB patients (no data received PBT
HCC provided): required
PBT: fatigue and hospitalization in the
radiation skin reaction | month following
TACE: abdominal pain | treatment compared
and nausea with TACE patients;
total days
Authors state that hospitalized was alsg
serious complications | significantly less in
from PBT were the PBT vs. the TAC
uncommon events (no | group. Results are
data provided). from interim analysis
Proportion of | XXM Y; 6.1% (2/33) vs. 41.7% | of an ongoing trial.
patients (15/36); p<0.001
hospitalized aaa
for an acute MODERATE
complication,
% (n/N)
Total days KM Y Overalt 24 (0.73 days
hospitalized per patient) vs. 166 (4.6
within 1 month days per patient);
of treatment p<0.001
for routine observation
Ovs. 53
for complications24 vs.
113
Observational study
Incidence of 3 mos. | Sandford Consistency | adj. OR 0.2§95% CI 0.0 Lower risk of RILD in
nonclassic 2019 Unknown to 0.86) (PBT, n=4 the acute period with
radiation- 0 b T mnnylmprecision | patients; IMRT, n=17 PBT versubVIRT
induced liver Retrospective| Yes (-1) patients)
disease (RILD)? cohort study a d
Moderately Authors also report that LOW
high RoB the development of RILL
HCC at 3 months was
associated with
significantly worse OS
(HR 3.83;95% Cl 2.12 t
6.92).
Final
Proton beam therapy reeview: final evidence report Page ES49



WA Health Technology Assessment April 15, 2019

Outcome Time Studies, Reason for PBT (passive scatter) vs| Conclusion
Year, N, Downgrading | TACE (RCT) or vs. IMRT Quality (SoE)
RoB (Observational study)
Tumor Effect estimate (95% CI)
Deathdueto | NR Sandford Consistency | 53% (8/15) vs. 91% Lower risk ofleath
liver failure (median | 2019 Unknown (19/21); RR 0.59 (95% { due to liver failure
flul4 | 6bT oc 0{Imprecision | 0.36to0.97)§ with PBT versus
mos.) Retrospective| Yes (-1) IMRT; however data
cohort study was from a small
Moderately subset of patients.
high RoB
HCC o
INSUFFICIENT

HCC = hepatocellular carcinoma; IMRT = intemmsiidulated radiation therapy (photons); NR = not reported; PBT = proton

beam therapy; RC¥ randomized controlled trial; RoB = risk of bias; SOE = strength of evidence; TACE = Transarterial
chemoembolization

*RILD was defined as worsening of GhildzZa K 302 NB o6& xH LRAyiGad O2YLI NBR gAGK ol asSt)
photons had wrse baseline childPugh score (median 6 vs. 5, p=0.008), however, this variable was included in and controlled

for via multivariate analyses.

UwL[5 ¢l a OFftOdAIFiSR AY mnn 602F moo0 LI GASy(a rMsdNI 6K2Y RIE G
treatment group were not provided.

558 K RdzS (G2 fAQBSNI FIFLAfdNB g1 a NBLRNISR 2yfteée FyY2y3 GKS oc LI
8RR and 95% CI calculated by AAI.

Reasons for downgrade:

1. Serious risk of bias: Majority studies did not control for confounding and/or did not account for time at risk for survival

outcomes. Studies which did control for confounding via study design and/or statistical analysesd@ggate randomization

and concealment, matching, multivate regression, propensity matching) were not downgrade for risk of bias.

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in thectemgeddire

not vary substantially or heterogeneity can é&eplained, results may not be downgraded for inconsistency. The consistency of

single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there s of overla

of study populations, use different treatment gazols and/or different treatment types (including use ofiotervention such

as chemotherapy).

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, eviden@ may b

dowy 3N} RSR G(GgA0Sd LT GKS SadAYFIGS Aa adldAadAOlrtteftieAayATAO yi
S&a&GAYIFGS Aa y20 adldAraaaAaAolrtte AAIYAFAOLYGS Al A aunkhowh)NSOA &S A
confidence interval and/or small sample size may result in downgrade.

4. Indirect, intermediate or surrogate outcomes may be downgraded.

Final
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Strength of Evidence Summary for Adult Lung Cancer for Efficacy/Effectiveness and Safety

Outcome

Time

Studies,
Year, N,
Tumor

Reason for
Downgrading

PBT vs. Photon
(various)*

Effect estimate (95%
/ L0

Conclusion
Quality (SoE)

Curative intent (KQ1)

Randomized controlled trials

Probability, 1-5 year | Liao 2018 Consistency | 1-year: 75% vs. 82% No statistically
overall survival N=173 (ITT) | Unclear 2-year: 56% vs. 60% significant
oh{uv4 RCT Imprecision | 3-year: 26% vs. 37% differences between
NSCLC Yes (-1) 4-year: 38% vs. 32% groups in the
5-year: 24% vs. 32% probability of OS or
p=0.30 the cumulative
Cumulative l-year: 9% vs. 10% incidence of local
incidence of 2-year: 27% vs. 26% failure at any
local failure 3-year: 37% vs. 37% timepoint measured.
G204 4-year: 37% vs. 32%
5-year: 37% vs. 39% aad
p=0.99 MODERATE
Observational studies
Probability, l-year Liao 20188 | Risk of Bias | 69% vs. 57% No statistically
overall survival N=39 Yes (-1) p=0.97 significant
(0S) Pro cohort Imprecision differences between
NSCLC Yes (-1) groups in the
Remick 2017| Risk of Bias | 85.294(72.89499.7%) | Probability of OS ove
N=61 Yed (-1) vs. 82.4% (70.5€6 1-5 years (across 4
Retro cohort | Imprecision | 96.2%) studies) o LRFS at 1
NSCLC Yes (-1) p=0.65 or 2 years (1 study)
Higgins 2017| Imprecision | 62.0% (56.2467.2%) | . the incidence of
ocal failure at 2 or 3
N=1850 Yes$ (-1) vs. 54.2% (51.6&6 years (2 studies)
(propensity 56.7%)
matched) p=NR
Retro & &
database LOW for OS
NSCLC
2-year Liao 20188 | Risk of Bias | 43% (NR) vs. 43% (NR
N=39 Yed (-1) p=0.97 &
Pro cohort Imprecision INSUFFICIENT for
NSCLC Yes(-1) LRFS and local failur
Remick 2017| Risk of Bias | 77.8% (63.6%95.2%)
N=61 Yed (-1) vs. 73.2% (59.6806
Retro cohort | Imprecision | 89.9%)
NSCLC Yed (-1) p=0.65
Tucker 2016 | Imprecision PBT: 56% (40869%)
N=468 Ye$ (-1) IMRT: 52% (45858%)
Retro cohort 3DCRT: 39% (32%6%)
NSCLC p=NS, PBT vs. IMRT
p=0.015, PBT vs. 3DCH
Final
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Outcome Time Studies, Reason for PBT vs. Photon Conclusion
Year, N, Downgrading | (various)* Quality (SoE)
Tumor Effect estimate (95%
/ L0
3-year Liao 20188 | Risk of Bias | 25% (NR) vs. 32.5% (N
N=39 Yed (-1) Logrank p=0.97
Pro cohort Imprecision
NSCLC Yes (-1)
5-year Higgins 2017| Imprecision | 5:1 matching:
N=1850 Yes (-1) 22.3% (16.3%28.9%)
(propensity vs. 15.7% (13.566
matched) 18.1%)
Retro adj. HR 1.18 (95% ClI
database 1.02 to 1.37)
NSCLC
a-priori 1:1 matching:
adj. HR 1.16 (95% ClI
0.97 to 1.39)
Probability, 1-2 year | Remick 2017| Risk of Bias | 1-year: 92.3% (82.580
Local N=61 Yed (-1) 100%) vs. 93.3%
Recurrence-ree Retro cohort | Consistency | (84.8%100%)
Survival (LRFS) NSCLC Unclear 2-year: 93.1% vs. 85.79
Imprecision | p=0.82
Yes (-1)
Local Failure 1-2 years| Lia020188 | Riskof Bias |/ dzY dzf | G4 A @S
N=39 Yes (-1) 1-year: 6% vs. 3%
Pro cohort Consistency | 2-year: 6% vs. 3%
NSCLC Unclear 3-year: 26% vs. 26%
Imprecision | p=0.93
2-years | Remick 2017| Yes$(-1) 11.1% (3/27) vs. 5.9%
N=61 (2/34),p=NS
Retro cohort
NSCLC

Safety (KQ3) (all curative intent)

Randomized controlled trials

Rate of 1-5 years| Liao 2018 Consistency | 8% vs. 7% at 1, 2, 3, 4 | Nostatistically
radiation N=173 (ITT) | Unclear and 5 years; p=0.58 significant
pneumonitis, RCT Imprecision differences between
DN} RS xd NSCLC Yes (-1) groups.
aad
MODERATE

Observational studies
Radiation NR Remick 2017| Risk of Bias | Grade 2: 18.5% (5/27) | No statistically
esophagitis (median | N=61 Yes (-1) vs. 29.4%10/34), p=NR| significant

26 Retro cohort | Imprecision | Grade 3: 3.7% (1/27) vs differences between

months) | NSCLC Yes (-1) 11.8% (4/34), p=NR groups for any grade

NR Niedzielski Grade 2: 59.2% (29/49)| 3 outcome; however

2017 vs. 54.1% (46/85), p=N
Final
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Outcome Time Studies, Reason for PBT vs. Photon Conclusion
Year, N, Downgrading | (various)* Quality (SoE)
Tumor Effect estimate (95%
/ L0
N=134 Grade 3: 22.4% (11/49)| differences may be
Retro cohort vs. 17.6% (15/85); OR | clinically important.
NSCLC 1.4 (0.7 to 2.9), p=0.37
Radiation NR Remick 2017| Risk of Bias | Grade 23.7% (1/27) vs. o
pneumonitis (median | N=61 Yed (-1) 8.8% (3/34), p=NR INSUFFICIENT
26 Retro cohort | Imprecision | Grade 3: 3.7% (1/27) vg
months) | NSCLC Yes (-1) 2.9% (1/34), p=NR
Radiation Grade 2: 37% (10/27)
dermatitis vs. 12% (4/34), p=NR
Grade 3: 0% (0/27) vs.
0% (0/34), p=NR

3D-CRT = Thredimension conformal radiation therapy; adj. = adjust&di= confidence interval; HR = hazard ratio; IMRT =
intensitymodulated radiation therapy; ITT = intentido-treat analysis; KQ = Key Question; NR = not reported; NS = not

statistically significant; NSCLC = +somall cell lung cancer; RCT = randomizedrotied trial; Retro = retrospective study

design; Pro = prospective study design.

*Liao 201§RCT and observational): passive scatter PBT vs. IMRT

Higgins 2017PBT vs. various photon (externalbeam;@R Yy F2 NX I f = Law¢ 3 aLIK2(G2ya£0

Niedzielski 2017passiely scattered PBT vs. IMRT

Remick 2017double scatter or pencil beam PBT vs. IMRT

Tucker 2016pencil beam PBT vs. IMRT vs. 3DCRT

ULT y2 dpr /L Ad LINRPOGARSR Ay (mrkpvaltes.f ST (GKS | dzZiK2NAR RAR yz2i
9&80AYFGSR TNEP WticBA IdzNB&Kk INF LIKA AY

8This cohort is comprised of patients from the RCT who could not be randomized because their PBT or IMRT plans did not allow
for random assignment (i.e., did not meet prespecified deskime constraints developed for photon radiation); they were

followed as an observational cohort.

Reasons for downgrade:
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk fiealsurv
outcomes. Studies which did control for confounding via stlelsign and/or statistical analyses (eAdequate
randomization and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of
bias.
2. Inconsistency: differing estimates of effects across studieffelft size estimates across studies are in the same direction, do
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency
of single studies is unknown; evidence from single studies wdowngraded. Consistency is also unknown if there is of
overlap of study populations, use different treatment protocols and/or different treatment types (including use of co
intervention such as chemotherapy).
3. Imprecise effect estimate for an outconsnall sample size and/or confidence interval includes both negligible effect and
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may
be downgraded twice. If the estimate is statistich & &AIYAFAOLIYyiS Al Ad AYLNBOAAS AT (K
GKS SadAYIGS Aa y20 adGliradcadrtte AaAAYATAOIYyGET A@dr A& A YLINB(
unknown) confidence interval and/or smaélraple size may result in downgrade.
4. Indirect, intermediate or surrogate outcomes may be downgraded.

Final
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Strength of Evidence Summary for Adult Ocular Tumors for Effectiveness and Safety

Outcome

Time

Studies, Year
N,

RoB

Tumor

Reason for
Downgrading

PBT vs. Brachytherapy or
Stereotactic Radiosurgery*
Effect estimate (95% CI)

Conclusion
Quality (SoE)

Curative intent (KQ1)

Survival and tumor recurrence outcomes

Probability |2, 5, |Lin 2017 Consistency |2-year OS: 93% vs. 97%, p=NS| Similar OS/mortality at
of overall years | (N=452) Unknown 5-year OS: 51% vs. 77% 2 and 3 years for PBT
survival (OS] Retro Imprecision |adj. HR forisk of mortality 1.89, | vs.brachytherapy or
propensity | Yes$(-1) 95% Cl 1.24 to 2.95 SRS in 2 studies of
score choroid and uveal
matched melanoma. In the
cohort (NCD) larger database study
Choroid of choroid melanoma,
melanoma PBT was associated
Mortality, % |3 Sikuale 2015 | Risk of Bias | 13% (14/106) vs. 16% (14/85), | With a statistically
(n/N) years | (N=191) Yed(-1) p=NS higher risk of mortality
Retro cohort | Consistency at S years vs.
Uveal Unknown brachytherapy.
Melanoma | Imprecision o
Yes(-1) aé
LOW
Local 3,5, |Boker (2018),| Consistency |Rate (95% CI) PBT was associated
recurrence |10 N=140 Unknown 3-years: 4% (1.2% to 17.8%) vs| with a statistically
years |Retro case |Imprecision |24.6% (15.8% to 37.1%), p<0.0{lower frequency of
matched Yes(-1) 5-years: 9.1% (2.9% to 27.3%) \ local recurrence over
cohort 27.5% (17.8% to 41.1%), p<0.0{ 10 years compared
Large Uveal 10-years: 9.1% (2.8% to 27.3%) with brachytherapy
Melanoma vs. 36.5% (20.7% to 59.1%); ad (+TSR for both).
HR 7.8 (95% CI 2.22 to 26.0f)x
brachytherapy 4 é
LOW
Mean | Sikuade 2015 Riskof Bias |2.8% (3/106) vs. 0% (0/85), p=N No statistical difference
3 (N=191) Yesd(-1) in local recurrence
years |Retro cohort | Consistency between PBT versus
Uveal Unknown SRS
Melanoma Imprecision
Yes(-1) &
INSUFFICIENT

Safety (KQ3) (Curat

ive intent only)

Mean
33
years

Boker (2018),
N=140

Retro case
matched
cohort

Large Uveal
Melanoma

Consistency
Unknown
Imprecision
Yes(-1)

Enucleation: 8.5% (6 eyes) vs.
15.7% (11 eyes), p=0.196
Rubeosis of the iris: 1.4% (1/70
vs. 0% (0/70), p=0.316
Neovascular glaucoma: 1.4%
(2/70)vs. 1.4% (1/70), p=NS

With the exception of
optic neuropathy whiclh
was statistically lower
following PBT versus
SRS in one study of
uveal melanoma, no
other statistical
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Outcome Time | Studies, Year| Reason for | PBT vs. Brachytherapy or Conclusion
N, Downgrading | Stereotactic Radiosurgery* Quality (SoE)
RoB Effect estimate (95% CI)
Tumor
Mean | Sikuade 2015 Risk of Bias |Enucleation: 1.9% (2/106) vs. |differences were seen
3 (N=191) Yed(-1) 2.4% (2/85), p=NS in the frequency of
years | Retro cohort | Consistency |Rubeotic glaucoma: 4.7% adverse events over 3
Uveal Unknown OpKMACUL Y p@§ @O k|years between PBT
Melanoma Imprecision | Radiation retinopathy: 30% veraus brachytherapy
Yes(-1) (31/106) vs. 24% (20/85), p=NS or SRS.
Optic Neuropathy: 13% (14/106
vs. 28% (23/85); RR=0.49 (0.27 aa
noy do 4y LOW

adj. = adjusted; CI = confidence interval; HR = hazard ratio; KQ = Key Question; NCD = Natioizt@haser NS = not

statistically significant; PBT = proton beam therapy; Retro = retrospective study design; RR = risk ratio; SRS = stereotactic
radiosurgery; TSR = transscleral resection.

*Boker 2018 Neoadjuvant PBT + TSRAdjuvant Brachytherapy TSR

Lin 2017 PBT vs. Brachytherapy

Sikuade 2015PBT vs. SRS

WRequiring enucleatiort.9% (2/106) [40% (2/5) with rubeotic glaucoma] vs. 2.4% (2/85) [22% (2/9) with rubeotic glaucoma].
/1 fOdf I iSR o0& I L®

Reasons for downgrade:

1. Serious risk of bias: Maijty of studies did not control for confounding and/or did not account for time at risk for survival
outcomes. Studies which did control for confounding via study design and/or statistical analysesd@xigate randomization

and concealment, matching, uttivariate regression, propensity matching) were not downgrade for risk of bias.

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in thectemgeddire

not vary substantially or heterogengitan be explained, results may not be downgraded for inconsistency. The consistency of
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there s of overla
of study populations, use different trement protocols and/or different treatment types (including use ofistervention such

as chemotherapy).

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and
appreciable benefit or &rm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be
R26y3aANI RSR (G6A0S8Sd LT GKS SadAYFHdS A& adGlaAadaOrt titheaAIyATAOl

estimateisnotstA A aGA Ol t £ & AAIYAFAOLYGS Al Ad AYLINSOAAS AT (KS /L ON
confidence interval and/or small sample size may result in downgrade.
4. Indirect, intermediate or surrogate outcomes may be downgraded.
Final
Proton beam therapy reeview: final evidence report Page ES55



WA Health Technology Assessment

April 15, 2019

Strength of Evidence Summary for Adult Prostate Cancer for Effectiveness and Safety

Outcome

Time

Studies, Year, N,
RoB
Tumor

Reason for
Downgrading

PBT* vs. Photon
(various)*
Effect estimate (95% CI)

Conclusion
Quality (SoE)

Curative intent (KQ1)

Survival outcomeg quasiRCT

Probability,
overall 5
survival year
(0S)
10-
year
Probability, 5
Biochemica year
Relapse
Free. 10-
Survival ear
(BRFS) |Y

Khmelevsky 2018
quasiRCT (N=289)
Moderately high RoB
Prostate Cancer
Risk: High (53%),
Intermediate (42%),
Low (5%)

Consistency
Unclear
Imprecision
Yes (-1)

74% + 5.0% vs. 78.8% +
4.1%, p=NS

55.9% + 9.0% vs. 60.6%
5.7%, p=NS

60% + 5.4% vs. 61.9% =+
4.4%, p=NS

45.5% + 8.5% vs. 42.8%
7.1%, p=NS

No statistically
significant differences
between Photon plus
PBT boost vs. Photon
alone in the
probability of 5 and
10-year OS or BRFS

a &
LOW

Safety (KQ3) (curative intent only)

QuastRCT
Gl toxicity, |Acute | Khmelevsky 2018 Consistency |Grade 254.4% + 5.4% v{ There were no
probability quastRCT (N=289) | Unknown 69.2% + 5.7%, p<0.01 |statistically significant
Moderately high RoB |Imprecision |Grade 3 or 40% vs. 0% | differences in the
Prostate Cancer Yes (-1) probabilities of grade
Late |Risk: High (53%), Grade 2 10.2% + 5.59% vi{ 3 Or 4toxicities;
Intermediate (42%), 34.8% + 7.4%, p<0.01 however, acute and
Low (5%) Grade 3 or 40.9% + 1.79 late Grade 2 GlI, but
vs. 1.3% + 1.8%, p=NS | N0t GU, toxicity, were
significantly lower in
GU toxicity, | Acute Grade 2 33.3% * 4.6% v{ patients who received
probability 36.1% + 3.5%, p=NS the PBT boost versus
Grade 3 or 4PBT: 0% vs| photons only. The
1.9% #1.8%, p=NS actuarial frequency of
INI RS xo D
Late Grade2: 8.3% + 5.0% Vs toxicities was lower in
9.1% + 4.5%, p=NS the PBT boost group
Grade 3 or 42.8% + 2.69 ¢ statisical testing
vs. 3.8% + 3.0%, p=NS |\yas not done.
Actuarial |10 1.7% vs. 8.7%, p=NR v
frequency |years aa
of Gl and LOW
GU
toxicities,
DNI RS
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Outcome |Time |Studies, Year, N, Reason for PBT* vs. Photon Conclusion
RoB Downgrading | (various)* Quality (SoE)
Tumor Effect estimate (95% CI)
Observational studies
Gl toxicity |Acute | Dutz 2019 Imprecision | Proportion of patients In the two clinical
(N=58) Yes (-1) Gradel: 48% (14/29) vs.|studies, there were n¢
Retro propensity score 38% (11/29); RR 1.27 |statistical difference
matched cohort ogpp: /L n ot |between PBT and
Prostate Cancer Grade2: 14% (4/29) vs. |IMRT in acute or late
Risk: Low (3%), 17%(5/29); RR 0.80 (959 toxicity (Gl or GU).
Intermediate (78%), /'L n®un G2 |[Inthelarge database
High (19%) Grade3: 3% (1/29) vs. 09 study, PBT resulted ir|
(0/29), p=0.60 lower cumulative
Fang 2015 Imprecision | Proportion of patients | incidences of any
(N=188) Yeg (-1) Grade0 to 1:95.7% grade Gl and GU
Retro casematched (90/94) vs. 86.2% (81/94) toxicity and erectile
cohort Grade2 to 3:4.3% (4/94)| dysfunction compareq
Prostate Cancer vs. 13.8% (13/94); adj. @ With IMRT; difference
Risk: Low (55%), 0.27 (0.06 to 1.24); between groups were
Intermediate (31%), p=0.09 small and clinical
High (7%) significance is
Late |Dutz 2019 Imprecision | Proportion of patients 32:;”3:!}},:82?!:2]:
(N=58) Yes (-1) Gradel: 9% (2/22) vs. hral stricture
Retro propensity scorg 27% (6/22); RR 0.33 (95 uret . S .
- remained significant i
matched cohort /'L nodony 02 a sendivity analysis
Prostate Cancer Grade2: 9% (2/22) vs. 99 using validated
Risk: Low (3%), (2122) diagnosis and
Intermediate (78%), Grade3: 5% (1/22) vs. 09 dure codes for
igh (19%) (0/22), p=0.32 proceduire co
Hig severe toxicities post
Fang 2015 Imprecision | Proportion of patients | pelvic radiation.
(N=188) Yes (-1) GradeO to 1:87.2%
Retro casematched (82/94) vs. 88.3% (83/94 & &
cohort Grade2 to 3:12.8% LOW
Prostate Cancer (12/94) vs. 10.8% (10/94
Risk: Low (55%), adj. HR 1.24 (0.53t0 2.9
Intermediate (31%), p=0.62
High (7%)
Pan 2018 Imprecision | Cumulative incidence, ar
(N=4158) Yes (-1) bowel toxicity (any grade
Retro propensityscore 6-months: 1.6% (n=693)
matched database vs. 3.2% (n=3465)
addzRe 4 12-months: 7.4% (n=572
Prostate Cancer vs. 7.7% (n=2862)
Risk: NR 24-months; 19.5%
(n=341) vs. 15.4%
(n=1718)
36-months; 24.9%
(n=205) vs. 19.2%
(n=1003)
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Outcome |Time |Studies, Year, N, Reason for PBT* vs. Photon Conclusion
RoB Downgrading | (various)* Quality (SoE)
Tumor Effect estimate (95% CI)

HR 1.27 (1.05 to 1.55);
p=0.02

Sensitivity analysisased
on validated diagnosis
and procedure codes for
severe toxicities post
pelvic radiation showed
no difference in rectal
compliations between
groups at 24 months
(1.5% vs. 2.0%; HR 1.19
95% CI 0.62 to 2.30)

GU toxicity |Acute | Dutz 2019 Imprecision | Proportion ofpatients
(N=58) Yes (-1) Gradel: 66% (19/29) vs.
Retro propensity score 45% (13/29); RR 1.46
matched cohort opp: /L nog
Prostate Cancer Grade2: 24% (7/29) vs.
Risk: Low (3%), 41% (12/29); RR 0.58
Intermediate (78%), opp: /L noH
High (19%) Grade3: 3% (1/29) vs. 39

(1/29)
Fang 2015 Imprecision | Proportion of patients
(N=188) Yes (-1) GradeO to 1:78.7%
Retro casematched (74/94) vs. 71.3% (67/94
cohort Grade2 to 3:21.3%
Prostate Cancer (20/94) vs. 28.7% (27/94
Risk: Low55%), adj. OR 0.69 (0.32 to
Intermediate (31%), 1.51); p=0.36
High (7%)

Late |Dutz 2019 Imprecision | Proportion of patients
(N=58) Yes (-1) Gradel: 23% (5/22) vs.
Retro propensityscore 32% (7/22); RR 0.71 (95
matched cohort /'L nodut {2
Prostate Cancer Grade2: 23% (5/22) vs.
Risk: Low (3%), 27% (6/22); RR 0.83 (95
Intermediate (78%), Cl0.30tHH oo UL M
High (19%) Grade3: 0% (0/22) vs. 59

(1/22), p=0.32
Fang 2015 Imprecision | Proportion of patients
(N=188) Yes (-1) Grade0 to 1:87.2%
Retro casematched (82/94) vs. 80.9% (76/94
cohort Grade2 to 3:12.8%
Prostate Cancer (12/94) vs. 18.3% (17/94
Risk: Low (55%), adj. HR 0.56 (0.22 to
Intermediate (31%), 1.41); p=0.22
High (7%)
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Outcome

Time

Studies, Year, N,
RoB
Tumor

Reason for
Downgrading

PBT* vs. Photon
(various)*
Effect estimate (95% CI)

Conclusion
Quality (SoE)

Pan 2018

(N=4158)

Retro propensityscore
matched database
aGdzRe 4
Prostate Cancer
Risk: NR

Imprecision
Yes (-1)

Cumulative incidence, ar|
urinary toxicity (any
grade)

6-months; 12.1% (n=693
vs. 21.5% (n=3465)
12-months: 23.1%
(n=572) vs. 31.6%
(n=2862)

24-months; 33.3%
(n=341) vs. 42.2%
(n=1718)

36-months: 39.1%
(n=205) vs. 48.3%
(n=1003)

HR 0.72 (0.63 to 0.83);
p<0.001

Sensitivity analysisased
on validated diagnosis
and procedure codes for
severe toxicities post
pelvic radiation showed
less urethral stricture
with PBT at 24 months
(1.3% vs. 0%; HR 0.12,
95% CI 0.02 to 0.86); no
differences in cystitis,
ureteral stricture, or
urinary/rectd fistula.

Erectile
dysfunction
(cumulative
incidence)

36
mons.

Pan 2018

(N=4158)

Retro propensityscore
matched database
aGdzRe 4
Prostate Cancer
Risk: NR

Imprecision
Yes (-1)

6-months: 5.0% (N=693)
vs. 9.7% (n=3465)
12-months; 10.6%
(n=572) vs. 18.1%
(n=2862)

24-months: 20.7%
(n=341) vs. 27.8%
(n=1718)

36-months: 28.6%
(n=205) vs. 34.3%
(n=1003)

HR 0.71 (0.59 to 0.84);
p=0.001

Sensitivity analysissing
procedure codes only (as
surrogate for toxicity
severity), 24 month
incidence: 2.0% vs. 3.19
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Outcome |Time |Studies, Year, N, Reason for PBT* vs. Photon Conclusion
RoB Downgrading | (various)* Quality (SoE)
Tumor Effect estimate (95% CI)
HR 0.63, 95% CI 0.36 to
1.10

adj. = adjusted; CI = confidence interval; Gl = gastrointestinal; GU = genitourinary; HR = hazard ratio; IMRT—= intensity
modulated radiation therapy; KQ = Key Question; NR = not reported; NS = not statistically significant; OR = odds ratio; PBT =
proton beam therapy; Retro = retrospective study design; RR = risk ratio

* Khmelevsky 2018Photon (standard conformal) + PBT boastPhoton (standard conformal) alone.

Dutz 2019PBT (passive scatter) vs. IMRT

Fang 2015PBT (passive scatter) vs. IMRT

Pan 2018PBT vs. IMRT
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Reasons for downgrade:
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk fiealsurv
outcomes. Studies which did control for confounding via study design and/or statistical analysesdgxgate
randomization and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of
bias.
2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are indirectamedo
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency
of single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknownaf there is
overlap of study populations, use different treatment protocols and/or different treatment types (including use of co
intervention such as chemotherapy).
3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may
bedows AN} RSR (A0S LF GKS SadAYIdGS Aa adriradcarorttef aAayATFAC
GKS SadAYIGS Aa y20 adriradadrtte aArAayATAOIyGI A@r A& A YLINBC
unknown) confidence interval and/or small sample size may result in downgrade.
4. Indirect, intermediate or surrogate outcomes may be downgraded
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1 Appraisal

1.1 Background and Rationale

hdSNIXrftsx A0Qa SaidAYFrGSR GKIG motr YAfEtA2Yy ySg Ol as
conditionsare responsible for over half a million deaths per year. Treatment options for cancerous and
noncancerous conditions vary depending on the type and stage of cancer and can include radiation
therapy, chemotherapy, targeted therapy (e.g. inhibitor drugsjnimotherapy (including monoclonal
antibodies) and surgery. In recent years the use of proton beam therapy (PBT) has expanded to include a
variety of conditions including a number of cancer types, noncancerous brain tumors and cancerous
conditions afflictig the central nervous system as well as eyes, lungs, liver, prostate, spine, and pelvis.
The use of protons for radiotherapy has a history of over 60 years of clinical use. In conventional
radiotherapy, photons deliver radiation across tissue depths omtég toward the target tumor and

beyond. In contrast, PBT, which is a form of external beam radiotherapy, deposits peak radiation energy
more precisely at or around the target followed by sharp decline in energy output to deeper tissues via a
phenomenon kown as the Bragg pedkR® Because the proton beam is focused on a specific area, a

greater doseof radiation may be delivered to the target neoplasm(s) while mitigating unwanted

radiation delivered to surrounding tissd&.PBT use was initially directed towards conditions where

sparing sensitive adjacent normal tissues was considered to be of utmost importance (such as cancerous
or noncancerod malformations of the brain stem, eye, or spinal cord) or for many pediatric tumors
because of the particular risk of pronounced acute and @mm toxicity in pediatric patient$’° PBT

may be most promising for tumors moderate proximity to (>2 cntp organs at risk (OAR).

In the past twadecades the number of centers offering PBT has increased to over 20, with more

planned or under construction, even given the high cost of facility construction and operation. Despite
increasing availability of PBT and its potential for precise deliveladidtion therapy, its effectiveness
compared with other forms of therapy and with the emerging techniques, such as intensity modulated
radiation therapy (IMRT), is evolving and curreiglynclear for some conditions.

Policy Context
This topic was origally reviewed in 2014. It is being-reviewed in 2019 due to newly available
published evidence.

Objectives

The aim of this report is to update the 2014 HTA on proton beam therapy (PBT) by systematically
reviewing, critically appraising and analyzimywresearch evidence on the safety and efficacy of PBT,
both as a primary or as a salvage therapy (i.e., for recurrent disease or failure of initial therapy), for the
treatment of multiple types of cancer as well as selected noncancerous amglin aduls and

children.

Final

Proton beam therapy reeview: final evidence report Pagel



WA Health Technology Assessment

April 15, 2019

1.2 Key Questions

1. What is the comparative impact of proton beam therapy treatment with curative intent on
survival, disease progression, heatthated quality of life, and other patient outcomes versus
radiation therapy alternatives and loér cancesspecific treatment options (e.g., surgery,
chemotherapy) for the following conditions:

a. Cancers

i.
ii.
iii.
iv.
V.
Vi.
Vii.
Viii.
iX.
X.
Xi.
Xii.
Xiii.
Xiv.
XV.
XVi.
XVil.

Bone tumors

Brain, spinal, and paraspinal tumors

Breast cancer

Esophageal cancer

Gastrointestinal cancers

Gynecologic cancers

Head and neck cancefisicluding skull base tumors)
Liver cancer

Lung cancer

Lymphomas

Ocular tumors

t SRAFGNRO OF yOSN&A
Prostate cancer

Soft tissue sarcomas

Seminoma

Thymoma

Other cancers

60SPIDPS

b. Noncancerous Conditions

iv.
V.
Vi,

Arterioverous malformations
Hemangiomas

YSRdz f 20fF adz2yYl

Other benign tumors (e.g., acoustic heuromas, pituitary adenomas)

2. What is the comparative impact of salvage treatment (including treatment for recurrent disease)
with proton beam therapy versus major alternatives on survidigkase progression, heaith
related quality of life, and other patient outcomes versus radiation therapy alternatives and
other cancerspecific treatment options (e.g., surgery, chemotherapy) for the condition types
listed in key question 1?

3.  What are the comparative harms associated with the use of proton beam therapy relative to its
major alternatives, including acute (i.e., within the first 90 days after treatment) and late (>90
days) toxicities, systemic effects such as fatigue and erytheriities specific to each cancer
type (e.g., bladder/bowel incontinence in prostate cancer, pneumonitis in lung or breast
cancer), risks of secondary malignancy, and radiation dose?

4. What is the differential effectiveness and safety of proton beamadbgraccording to factors
such as age, sex, race/ethnicity, disability, presence of comorbidities, tumor characteristics (e.g.,
tumor volume and location, proliferative status, genetic variation) and treatment protocol (e.qg.,
dose, duration, timing of intefention, use of concomitant therapy)?

5. What is the comparative cogffectiveness of proton beam therapy in the shand longterm
relative to other types of radiation therapy, radiation therapy alternatives or other cancer
specific treatment options (g., surgery, chemotherapy)
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Inclusionandexclusiorcriteriaare summarizedasfollows andare detailedin the full report. Briefly,incl
udedstudiesmet the followingrequirementswith respectto participants,intervention
comparatorsputcomes,andstudydesign:

9 Population Adults and children undergoing treatment of primary or recurrent disease, to
include cancer types (bone cancer, brain, spinal, and paraspinal tumors, breast cancer,
esophageal cancer, gastrointestinal cancer, gynecologic cancerahdatkck cancer, liver
cancer, lung cancer, lymphomas, ocular tumors, pediatric cancers, prostate cancer, sarcomas,
seminoma, thymoma, other cancers) and noncancerous conditions (arteriovenous
malformations, hemangiomas, other benign tumors).

1 Interventions Proton beam therapy; all approaches were considered including monotherapy,
dzaS Fa | ao22aié¢ YSOKIYyAAY G2 02y @SyiAiz2ylf NIR
treatment modalities (e.g., chemotherapy, surgery).

1 Comparators: Primary comparators indé other radiation alternatives (e.g., intensity
modulated radiation therapy (IMRT), stereotactic radiation techniques and other external beam
therapies, and brachytherapy). Other treatment alternatives specific to each condition type
treated, and may inlade chemotherapy, immunotherapy, surgical procedures, and other
devices (e.g., laser therapy for ocular tumors).

 Outcomes:
Primary Clinical outcomes:

9 Overall survival/diseastee survival

9 All-cause and/or diseaseelated mortality

9 Direct measures ofumor regression, control or recurrence

1 Incidence of metastases

Secondary or indirect (intermediate) outcomes

9 Patient reported outcomes including healtalated quality of life (HrQoL) using validated
instruments

1 Requirements for subsequent therapy

9 Otheroutcomes specific to particular conditions (e.g., visual acuity for ocular tumors, shunt
requirements for arteriovenous malformations)

1 Intermediate measures of tumor recurrence such as biochemical measures

Safety outcomes:

1 Treatmentrelated harms, to inclde generalized effects (e.g., fatigue, erythema) and
localized toxicities specific to each condition (e.g., urinary incontinence in prostate cancer,
pulmonary toxicity in lung or breast cancer); the primary focus is on adverse effects
requiring medical atntion

9 Secondary malignancy risk due to radiation exposure

Economic outcomes:
1 Long term and short term comparative casffectiveness measures

9 Studies:The focus will be on high quality (low risk of bias) comparative studies (e.g., randomized
controlled tials, comparative cohort studies with concurrent controls) will be considered for
Key Questions-4. Comparative observational studies with long term clinical outcomes or safety
will be considered for Key Questiongl1Case series will be considered it not be the
primary focus of evaluation for each key question. Dosimetry and planning studies will be
included for context; the will be included as evidence if they directly answer the key questions.
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Full, comparative, formal economic studies (i.estexffectiveness, costtility, cost
minimization, and cosbenefit studies) will be sought for Key Question 5; studies using
modeling may be used to determine ceffectiveness.

Figurel. Analytic Framework

Intervention
Proton beam therapy

Kai,?

Patients with a
condition of focus

KQ4

Subgroups:

+ Age

+ Sex

+ Race/ethnicity

+ Presence of comorbidities
* Tumor characteristics

+ Treatment protocol

Intermediate Outcomes

> measures of disease

y

Intermediate or indirect

. -
recurrence, progression (e.g.

biochemical measures)

Primary Clinical Outcomes

+ Overall and/or disease-free survival

+  All- cause and/or disease-related mortality

+ Direct measures of tumor regression,
control or recurrence

* Incidence of metastases

Secondary OQutcomes

+ Patient-reported outcomes, including
quality of life, using validated instruments

* Requirements for subsequent therapy

+ Condition-specific outcomes

Harms or adverse

o

events
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1.3 OutcomesAssessed

Theprimary outcome®f interest for this report are listed below.
9 Overall survival (OS)
1 Progressiotree survival (PFS) or Local control (LC)
0 Diseasdree survival (DFS)
0 Relapsdree survival (RFS)
1 Treatmentrelated toxicity (as reportedpecific to PBT when possible) and secondary
malignancy risk due to radiation exposure

OS and PFS were stategbriorias primary outcomes of interest. Some of the included studies also
reported DFS and RFExcluding OS, definitions of these outcomeseadaslightly between the studies.
Other outcomes reported included healthlated quality of life (based on validated instruments),
incidence of metastases, and other outcomes specific to particular conditions.

Outcomes are detailed in the evidence tabln the appendices and/or the body of the report. Summary
tables for case series are also found in the appendices.

Strength of evidence was assessed for the primary clinical outcomes only.

Tablel. Outcome measures reported omiincluded studies

OIS ‘ AEsEesEn Components Score range Interpretation MCID*
measure By
MD Anderson | Patient 22 items (0 to 10 points 0 to 10 points| 0: not present 1.16 points
Symptom each) that are grouped into 10: as bad as you can imagi
Inventory three separate domains:
Head and
Neck Cancer Interference items
(MDAS T walking
HINJpt 240,262 T Activity
9 Working (including
housework)
{1 Relations with other
people
9 Enjoyment of life
{ Mood

Core symptoms (13ems)
{ Pain
i Fatigue
{ Nausea
 Disturbed sleep
1 Distressl/feeling upset
{ Shortness of breath
9 Difficulty remembering
9 Lack of appetite
q Drowsiness
9 Dry mouth
{ Sadness
9 Vomiting
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Outcome Assessed
measure

Components Score range Interpretation

9 Numbnessi/tingling

Head and neck cancer
module items (9 items)
9 Mucus in the mouth
and throat
9 Difficulty swallowing or
chewing
I Choking or coughing
1 Difficulty with voice or
speech
I Skin pain/burning/rash
9 Constipation
I Problems with tasting
food
i Mouth/throat sores

il Problems with teeth or
gums

MD Anderson | Physician |13 symptom items and 6 |0 to 10 points| O: not present 0.98 wints
Symptom interference items (0 to 10 10: as bad as you can imagi
Inventory points each)
(MDASBLSZ,ZGZ
Interference items
9 Walking
I Activity
9 Working (including
housework)
9 Relations with other
people
9 Enjoyment of life
{ Mood

Symptom Items
q Pain
9 Fatigue
{ Nausea
 Disturbed sleep
1 Distressl/feeling upset
9§ Shortness of breath
91 Difficulty remembering
I Lack of appetite
| Drowsiness
9 Dry mouth
{ Sadness
9 Vomiting
9 Numbnessttingling

Leiter Computer | 10 subsets organized into |NR NR NR
International four domains designed to
assess nowerbal IQ
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Outcome
measure

Assessed

Components

Score range

Interpretation

Performance
Scalé3’

9 Fluid Intelligence
| Visualization
 Memory

{ Attention

Wechsler
Adult
Intelligence
Scale
(WAIS)E2

Physician

There are four index scores
representing major
compaments of intelligence

9 Verbal Comprehension|
Index (VCI)

I Perceptual Reasoning
Index (PRI)

9 Working Memory Index
(WMI)

1 Processing Speed Inde
(PSI)

Two broad scores, which cg
be used to summarize
general intellectual abilities|
can also be derived:

9 FullScale IQ (FSIQ),
based on the total
combined performance
of the VCI, PRI, WMI,
and PSI

9 General Ability Index
(GAl), based only on th
six subtests that the V(
and PRI comprise.

0to 130 (100
as an average
score with a
standard
deviation of
15)

{ Below Aveage: standard
score below 79

9 Low Average: standard
score 80 to 89

9 Average: 90 to 109

9 High Average: 110 to 119
91 Superior: 120 to 129

9 Very Superior: above 130,

NR

Wechsler
Intelligence
Scale for
Children

(WISCH4

Physician

There are five primary inde]
scores

9 Verbal Comprehension
Index (VCI)

9 Visual Spatial Index
(VSI)

1 Fluid Reasoning Index
(FRI)

9 Working Memory Index
(WMI)

1 Processing Speed Inde
(PSI)

One broad score, which cai
be used to summarize
general intellectual abilities|
can also be derived:
9 Full Scale IQ (FSIQ),
based on the total

combined performance

0 to 130 (100
as an averagg
score with a
standard
deviation of
15)

| Below Average: standard
score below 79

9 Low Average: standard
score 80 to 89

9 Average: 90 to 109

9 High Average: 110 to 119
I Superior: 120 to 129

91 Very Superior: above 130

NR

Final

Proton beam therapy reeview: final evidence report

Page7



WA Health Technology Assessment

April 15, 2019

Outcome
measure

Assessed

Components

Score range

Interpretation

of the VCI, VSI, FRI,
WMI, and PSI
Woodcock Physician | 20 tests consisting of two |Range: <69t¢ 1+ SNE f 26Y XqNR
Johnsoq Tests batteries: Cognitiye Ability >131. points | ¢ | ow: 70 to 79
of gognltlve and Tests of Achievement |1 point 9 Low Average: 80 to 89
Ability815 awarded for )
) 9 Average: 90 to 110
9 Comprehension correct . ]
Knowledge answers, 0 9 High A_\verage. 110 to 119
- Verbal points ﬂ Superlor: 120 to 129
Comprehension awarded for | § Very Superionk M 0 M
- General incorrect
Information answers
9 LongTerm Retrieval
- VisuatAuditory ~ |Age or Grade
Learning Equivalents:
- Retrieval Fluency | Reflects age
9 Visual Processing or gr"’?de level
- Spatial Relations at which
- Picture average score
Recognition IS ls)gmel as
9 Auditory Processes Zzojrias raw
- Sound Blending
- Auditory Attention Raw score:
I Fluid Reasoning | Number
- Concept Format!or correct
- AnalysisSynthesis
9 Processing Speed Relative
- Visual MatChing Proficiency
- Decision Speed | |ndex (RPI):
9 ShortTerm Memory Ranges from
- Numbers Reverse( 0/90 to
- Memory for Words 100/90. RPI
1 Incomplete Words predicts a
1 Auditory Working student's
Memory level of
1 VisuatAuditory proficiency
Learningg Delayed on tasks that
9 Rapid Picture Naming typical age
. or grade
1 Planning peers would
91 Pair Cancellation perform with
90%
proficiency.
Pediatric Patient 23 items grouped into 4 0to 100 Higher scoreindicate better | § Total Score:
Quality of Life domains points health related quality of life 4.36
(PedsQL7 265 1 Physical
290 1 Physical Functioning (8 Health: 6.66
items) 1 Psychosocial
| Emoional Functioning Health: 5.3
(5 items) 9 Emotional
1 Social Functioning (5 Functioning:
items) 8.94
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Outcome
measure

Assessed

Components

Score range

Interpretation

9 School Functioning (5 9 Social
items) Functioning
8.36
[Emotional Functioning, 9 School
Social Functioning, and Functioning
School Functioning Scores 9.12
can be used to acquire an
overall Psychosocial Health
score]
Pediatric Parent of |23 items grouped into 4 0to 100 Higher scores indicate bettef § Total Score:
Quality of Life | patient domains points health related quality of life 45
¢ Parent Proxy 1 Physical
(PedsQlg 1 Physical Functioning (8 Health: 6.92
Parent items) 1 Psychosocial
Proxy}##290 9 Emotional Functioning Health: 5.49
(5 items) 1 Emotional
I Social Functioning (5 Functioning:
items) 7.79
91 School Functioning (5 1 Social
items) Functioning
8.98
[Emotional Functioning, 1 School
Social Functioning, and Functioning
School Functioning Seax 9.67
can be used to acquire an
overall Psychosocial Health
score]
Modified Parent of |8 items (0 to 3 points each)| 0 to 3 points | § 0=no chance of dozing |NR in patient
Epworth patient or | Chane of dozing during {1 3=high chance of dozing | PoPulation
Sleepiness patient following activities
Scalé® tZemse(Ij\_/es o ) 9 Impaired: total score >10
gneggg) ing 9 S!tt!ng and readmg T yAYLI ANBRY
9 Sitting and watching T\, (Per Jacola 2016)
or video
{ Sitting in a classroom g
school during the
morning
9 Sitting and riding in a
car or bus for about 30
minutes
91 Sitting and talking to
someone
9 Sitting quietly by
yourself after lunch
9 Sitting and eating a
meal
Mental Physician |178items (0 or 1 points 0 points for | Raw scores (the total numbg NR
Development each) addressing 5 differen| incorrect of correct answers) are used
Index (MDI) developmental areas answers 1 to calculated the Mental
derived from point for Development Index
the Bayley 1 Cognitive correct
Scales of { Language answers
Infant 1 Motor
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Outcome
measure

Assessed

Components

Score range

Interpretation

Development
7,27

9 SocialEmotional
9 Adaptive Behavior

Higher scores indicate an
increased level of mental
development.

A standardized mean score
100

Scales of
Independent
Behavior
Revised (SIB
Ryp8

Parents

14 subscales, organized int
4 adaptive behavior clustert

9 Motor Skills
9 Personal Living Skills

I Social Interaction and
Communication Skills

I Community Living Skills

Unclear

Lower scores indicate lower
functioning or greater
problems

NR

World Health
Organization
(WHO)
Performance
Status/Easterr|
Cooperative
Oncology
Group (ECOG
Scorél0

Physician

A single score rating from 0O
to 5 that measures a
patients performance statug

Oto5

9 0: Asymptomatic (Fully
active, able to carry on all
pre-disease activities
without restriction)

9 1: Symptomatidout
completely ambulatory
(Restricted in physically
strenuous activity but
ambulatory and able to
carry out work of a light o
sedentary nature. For
example, light housework
office work)

9 2: Symptomatic, <50% in
bedduringthe day
(Ambulatory and capable
of all selfcare but unat#
to carry out any work
activities. Up and about
more than 50% of waking
hours)

9 3: Symptomatic, >50% in
bed, but not bedbound
(Capable of only limited
seltcare, confined to bed
or chair 50% or more of
waking hours)

9 4: Bedbound (Completely
disabled. Cannatarry on
any selfcare. Totally
confined to bed or chair)

{ 5:Death

NR

Continuous
Performance
Test, 2nd
Edition (CPT
1155

Computer

The test is taken at a
computer. The participant
presses the space bar or
clicks the mouse button
when a letter otter than X

shows up onscreenlLetters

Not
Applicable

Provides an estimate of the
LINPOFOAEAGE 0
performance resembles tha
of a child with clinically
significant attention

problems.

NR
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Outcome
measure

Assessed

Components

Score range

Interpretation

appear on the screen with
different time intervals
between each one. Exactly
14 minutes is required for
completion.

Behavior Parent 86 question questionnaire [0 to 3 This measure providesa T |NR

Rating score with a mean of 50 and

Inventory of Each question uses a three| SD of 10; higher scores

Executive point scale representing indicate more problems with

Function Never (1), Sometimes (2), Executive Functions.

(BRIEFY and Often(3)

Behavior Parent 134to 160 items in which |0 to 4 Likert | This measure providesa T [NR

Assessment parents or caregivers rate |scale ranging|score; higher scores indicatg

System for iKS TNBIdzSy O{F NBY & |more attention problems.

Children, 2nd behavior. 2 00 dzN&

Edition (BASC alfyza

2, Attention always

Subscalép 2 00 dzN&

American Patient 7 questions addressing 0 to 5 points | Lower scores represent less| 5 points or more

Urological frequency, nocturia, weak presence of symptoms while

Association urinary stream, hesitancy, higher scores represent

(AUA) intermittence, incomplete

Symptom emptying, and urgency

Indexs

Expanded EPIC assesses the disease 0 to 100 Higher scores represent All scores are

Prostate specific aspects of prostate| points better Health Related Quality representative of

Cancer Index cancer and its therapies an| of Life. the mean

Composite comprises four summary Lower numbers correspondg difference from

(EPIC) Quality domains (Urinary, Bowel, to worsening function and | baseline

of Life Sexual and Hormonal) and increased bother.

Survey?8.261,31 made up of 50 prostate Per Norman 2003

1 targeted items Half a standard
deviation
Per Jeldre2015
Sexual Function:
11
Sexual Bother: 14
Urinary Function:
5
Urinary Bother: 8
Bowel Function: 4
Bowel Bother: 5
Hormone
Function: 5
Hormone Bother:
4
Per Skolarus 201
Urinary
Incontinence: 6 tg
9 points
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Outcome Assessed
measure By

Components Score range Interpretation

Urinary
Irritative/Obstruct
ive: 5to 7 points
Bowel Summary:
4106

Sexual Summary
10to 12
Hormonal: 4to 6

NR = Not reported
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1.4 Washington State Utilization Data

Populations

TheProton Beam Therapgnalysis includes member utilization and cost data from the following
agenciesPublic Employees Benefit Board Uniform Medical Fp&EBB/UMP); PEBB Medicare; Medicaid
Managed Care; and Medicaid Fie-Service. The Department of Labor and Industries (LNIhbad
proton beam therapy claims.

The analysis period was five (5) calengars, 2013 2017. Primary population inclusion criteria

included incurring a paid claim(s) comprised of at least one of the targeted CPT/HCPCS codes from Table
I. Initial analysis focused on diagnosis from Table IIA. Additional analysis lead to anee@ange of

diagnoses codes (see Table 1I1B). Final data evaluation included all diagnoses for individuals undergoing
proton beam therapy. Denied claims were excluded from the analysis.

Methods

First, all paid patient claims (children and adults) withrgeted CPT procedure (Table I) were
identified. Second, those same claims underwent examination to identify those that also included
targeted primary diagnoses codes from Table IlA (later expanded to Table IIB). Final data evaluation
included examining utzation by member; by age range; analysis of individual and aggregatedadd
IcCbmn O2RS&a yR o6& LIAR OflAyYyaqQ Ozaidao

Table |
Targeted CPT Descriptions

CPT Procedure Code Description
77520 Proton treatment delivery; simple, without compensation
77522 Proton treatment delivery; simple, with compensation
77523 Proton treatment delivery; intermediate
77525 Proton treatment delivery; complex

Table 1A

Target Diagnosis Codes: Initial

Specific Cancer Diagnosis Codes and Descriptions

ICD9 ICD10
Lung 162.0162.9 C34.90- C34.92
Prostate 185.0 Co61
Eye 190.0190.9 C69C69.92
Brain 191-191.9 C71-C71.9
Spinal 192.2192.3 C72-C72.9
Final
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Table 1IB
2013¢ 2017
Neoplasm ICE and ICELO Diagnosis Codes
PEBB/UMP, Medicare/UMP, Medicaid Managed Caviedicare Fedor-Service
Utilization: Proton Beam Therapy

Range of codes utilized for analyzing claims*

ICD10 ICD10 Description/ICEB Description ICD9
C00C14 Malignant Neoplasm of Lip, Oral cavity, and Pharynx 140-149
C15C26 Malignant Neoplasm dbigestive Organs 150-159
C30C39 Malignant Neoplasm of Respiratory and Intrathoracic 160-165
C40C41 Malignant Neoplasm of Bone and Articular Cartilage 170176
C43C44 Malignant Neoplasm of Skin 170176
C45C49 Malignant Neoplasm of Mesothelial aisbft Tissue 170176
C50 Malignant Neoplasm of Breast 170176
C51C63 Malignant Neoplasm of Genital organs 179189
C64C68 Malignant Neoplasm of Urinary Tract 190
C69C72 Malignant Neoplasm of Eye, Brain, CNS 191-192
C73C75 Malignant Neoplasm dEndocrine 194
C76C80 Malignant Neoplasm Ill Defined, Secondary (and Other) 195
C81C96 Malignant Neoplasm of Lymphoid 196, 200208
D37-D48, D49 | Neoplasm uncertain or unspecific behavior 235239
D10D36, D3A | Benign tumors 210229

*1) Not all diagnoses codes were represented in the data.

2) Utilization and cost analyses contain V and/or Z codes (Supplementary Classification of Factors
Influencing Health Status and Contact with Health Services) when substituted for a primary diagnosis.
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Chartl
2013¢ 2017
AggregatdJtilization
PEBB/UMP arkledicare/lUMR& Medicaid Managed Casad Fedor-Service
Distribution of Patients Receiving Proton Beam Therapy by Primary Cancer Diagnosis
N=246

Primary Dx Category
@ Brain/CNS

@ Digestive

® Head

® Lymphatic System
@ Other

® Reproductive

2013 2014 2015 2016 2017

Chart Il
2013¢ 2017
Aggregate Utilization
PEBB/UMP and MedicareBHE
2013¢ 2017
Medicaid Manage Care and Fee-Service
Distribution of Patients Receiving Proton Beam Therapy by Primary Cancer Diagnosis

Dx List 0-17
®Brain/CNS

® Other

2013 2014 2015 2016 2017

Final
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Table Il
2013¢ 2017
PEBB/UMP and Medicare/UMP
Utilization: Proton Beam Therap@utpatient
Therapy = Proton Treatment Delivery 77520, 77522523, 77525 and Stereoscopitay guidance 77424/G6002
NOTEPEBB pays secondary to Medicare

PEBB/UMP and Medicare/lUMP N = 63 201314 2015 ‘ 2016 2017
Unique Individuals* 11 18 13 21
Patients 11 18 15 23

. Medi MP 2 227 22 22
Average Paid DollarSherapy edicare/U $235 $ $225 $220

PEBB/UMF $4,648| $4,683| $2,365| $2,474

Total Paid Dollars for ATherapy Medicare/UMP| $39,193| $79,709| $65,528 $90,884

PEBB/UMHK $144,095| $538,587| $208,164| $378,455
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