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Proton Therapy Dose Deposition

FIGURE 1 FIGURE 2

The Bragg Peak
of Protons
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Clinical Bragg Peaks

Measured Depth Dose (raw) - All Curves
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The Proton Therapy Center
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Only research-dedicated proton gantry
In the world here at UC - CCHMC!
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Glioma
Meningioma
Acoustic heuroma
Spinal cord tumor
Ependymoma
Pituitary tumor
Skull base tumor
AVM
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Pencil-beam scanning
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Photon vs. Proton
ISodose curve




Volume Histogram
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3D confromal radiation




IMRT TOMOTHERAPY
AXIAL




IMRT TOMOTHERAPY
CORONAL




IMRT TOMOTHERAPY
SAGITAL




IMRT TRUEBEM (LINAC)
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IMRT TRUEBEM (LINAC)
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VariSeed 8.0 - - Post implant - Default
File Vi Variations Study Configuration Help
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Dosimetric Quality Alerts
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Show Landmarks
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Low risk (99% at 5 years)

= === Intermediate risk (94% at 5 years)

=== = High risk (74% at 5 years)

Fisk Group

L i

1 year

512 (99.8%)

Mo, of pte at risk (%)

£ year
Wi of pts at risk (%)

508 [59.8%)

I
3

Years

3 year
Wo. of pts at risk (%)

4B5 (99.6%)

& yEar

5 year

i year

Mo. of pte at risk (%) |No. of pts at risk {%)|No. of pts at risk (%)

436 [99.2%)

116 (98.5%)

153 (96.9%)

I]"|'.I:" mediake
High

527 (99,6%)
160 (85, 7%)

571 (99.1%]
148 (BA.6%)

LBY (97.5%)
130 (B3.0%)

467 [05,8%)
108 (78.3%)

322 (93.5%]
67 [74.0%)]

157 (90.0%)
30 (72.7%]

Fig. 1.

Freedom from biochemical failure by risk group.




Table 7

Literature review

No. of Median RT dose Median J-year G3+4 GI G3+ GU
Study patients Therapy Gy or CGE F/U years BCR (%) toxicity toxicity
Mendenhall et al (7) 211 Proton therapy Th-82 3.2 LR, 99% 0.5% 1.0%
IR, 99%
HR, 76%
Slater et al, 2004 (6) 1255 Proton therapy 74 3.3 T3% 1% 1%
Spratt et al, 2013 (16) 1002 IMRT 86.4 55 LR, 98.8%" 0.7% 22%
IR, 85.6%"
HR, 67.9%"
Vora et al, 2013 (17) 302 IMRT 75.6 1.6 LR, 77.4%' 0% 0.7%
IR, 69.6%"
HR, 53.3%'
Liauw et al, 2009 (18) 130 IMRT 16 4.4 LR, 97% 2% 2%
IR, 94%
HR, 87%
Pugh et al, 2013 (19) 291 Proton therapy 76 2.0 - <(0.3% 0%
Present study, 2015 1215 Proton therapy 78 3.5 LR, 99% 0.6% 2.9%
IR, 94%
HR, 74%

Abbreviations: BCR = biochemical control rate; CGE = cobalt-Gray equivalent; F/U = follow-up; Gl = gastrointestinal; GU = genitourinary; HR
= high risk; IMRT = intensity modulated radiation therapy; IR = intermediate risk; LR = low risk.

* T-year results.

' 9-year results.




Uof Florida proton vs PortecT

B Freedom from Disease Progression
100
Low risk (99% at 5 years)
= === Intermediate risk (94% at 5 years)
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Fig. 1. Freedom from biochemical failure by risk group.
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Follow-up (yr)

MNo. at Risk 1533 1467




What about cost?

Cost of competing treatments for localized

low-risk prostate cancer over time

259,000 .00

20 000 .00
15 01 o

10.000.00 - -
5.000.00
§ )

] 4 ! | . { - ) 10 11

Year of follow-up

Laviana et al, Cancer, 20106
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What’s new in 2019

Increase in the number of restrictions from commercial
Insurance for the use of proton in prostate cancer

Increase use of Active Surveillance (AS)
The use of Prostate MRI

Decrease number of fractions of radiation treatments
with a range of 5-40

The use of The use of SpaceOrr for rectal sparing
The use of Genomic Testing (Decipher)






&
Shifting Patterns of Practice: SEER - Low Risk -

Mahal et al, JAMA 2019




When Zero Gy may be the Right Dose

VIR et gy

-

’ 98.1% ‘ On Surveillance, Untreated: |
') y(‘(lf‘-: /l' /!l.!

10 years: 63.5%

I‘]d 3% ‘

15 years: 55.0%
2.8% developed metastatic disease

Xlotz et al, ) Clin Oncol




10-Year Outcomes after Monitoring, Surgery, or
Radiotherapy for Localized Prostate Cancer

Freddie C. Hamdy, F.R.C.S.(Urol.), F.Med.Sci., Jenny L. Donovan, Ph.D., F.Med.Sci.,
J. Athene Lane, Ph.D., Malcolm Mason, M.D., FR.C.R., Chris Metcalfe, Ph.D., Peter
Holding, R.G.N., M.Sc., Michael Davis, M.Sc., Tim J. Peters, Ph.D., FMed.Sci.,
Emma L. Turner, Ph.D., Richard M. Martin, Ph.D., Jon Oxley, M.D., F.R.C.Path.,
Mary Robinson, M.B., B.S., F.R.C.Path., John Staffurth, M.B., B.S., M.D., Eleanor
Walsh, M.Sc., Prasad Bollina, M.B., B.S., FR.C.S.(Urol.), James Catto, Ph.D.,
F.R.C.S.(Urol.), Andrew Doble, M.S., F.R.C.S.(Urol.), Alan Doherty, F.R.C.S.(Urol.),
David Gillatt, M.S., F.R.C.S.(Urol.), Roger Kockelbergh, D.M., FR.C.S.(Urol.),
Howard Kynaston, M.D., F.R.C.S.(Urol.), Alan Paul, M.D., F.R.C.S.(Urol.), Philip
Powell, M.D., FR.C.S., Stephen Prescott, M.D., FR.C.S.(Urol.), Derek J.
Rosario, M.D., F.R.C.S.(Urol.), Edward Rowe, M.D., F.R.C.S.(Urol.), David E.
Neal, F.R.C.S., F.Med.Sci., for the ProtecT Study Group

N Engl J Med
Volume 375(15):1415-1424
October 13, 2016

The NEW ENGLAND
JOURNAL of MEDICINE




Active Monitoring vs Treatment? — CAP/ProtecT (UK)

| 415,000 men

Randomized by family practice

PSA ‘ ‘ No ‘

'.lrl'l'r'llr'nj!_ il r|'|'r'||rI“

Aaccrued: 1999-2009 * ‘

| Case detection

Endpoints
/ ; \ * PCa death
* hetastases
SUrgery Externa | Active Maonitoring
Beam + ADT

~“3/4Tlc, W T2
~1i1%, 20%, 2% were G5, 6, /, 8-10
median P5A 4.6

<1% African American
Excluded <50 yrs and >70 yrs ﬂﬂ“"m“




Kaplan—Meier Estimates of the Cumulative Probability of Undergoing Radical Intervention during
the Follow-up Period, According to Treatment Group.
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o0
T

(@)
T

Intervention (%)

N
T

"
R
o
1]
(2 4
on
=
o
on
S
()
-5
[
-
0
b
c
()
)
S
o

N
T

Surgery group

Active-monitoring group

Hamdy FC et al. N Engl J Med 2016;375:1415-1424

The NEW ENGLAND
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Kaplan—Meier Estimates of Prostate-Cancer—-Specific Survival and Freedom from Disease
Progression, According to Treatment Group.

Surgery - Radiotherapy Active monitoring

A Prostate-Cancer—Specific Survival

100
90
80
70
60
50
40
30
20
10

Patients Surviving (%)

4 6
Follow-up (yr)

No. at Risk 1643 1628 1605 1575 1286

B Freedom from Disease Progression
100
90
80
70
60
50
40
30
20
10

Patients without Disease
Progression (%)

Follow-up (yr)

No. at Risk 1643 1601 1533 1467

Hamdy FC et al. N Engl J Med 2016;375:1415-1424

The NEW ENGLAND
JOURNAL of MEDICINE




Study Overview

In the ProtecT trial, over 1600 men with PSA-detected localized prostate
cancer were assigned to active monitoring, prostatectomy, or
radiotherapy.

« Although more patients assigned to active monitoring had disease
progression, overall survival was similar in the three groups.

The NEW ENGLAND
JOURNAL of MEDICINE




Conclusions

At a median of 10 years, prostate-cancer—specific mortality was low

Irrespective of the treatment assigned, with no significant difference
among treatments.

Surgery and radiotherapy were associated with lower incidences of
disease progression and metastases than was active monitoring.

The NEW ENGLAND
JOURNAL of MEDICINE




Study Overview

« The choice of treatment for PSA-detected, localized prostate cancer is
iInfluenced by effects of the interventions on quality of life.

* |In the ProtecT trial, patterns of side-effect severity, immprovement, and

decline in urinary, sexual, and bowel function differed among the
treatments.

The NEW ENGLAND
JOURNAL of MEDICINE




Outcomes for Urinary Function and Effect on Quality of Life.

A ICIQ Incontinence Score B EPIC item: =1 Pad per Day

Mean Score
Men Using =1 Pads per Day

Months since Randomization Months since Randomization

C ICIQ Incontinence Problem D EPIC Urinary Score

100 100
&

Mean Score

P<0.001

Men Reporting Problem (%)

0612

Months since Randomization Months since Randomization

E ICSmaleSF Voiding Score F ICSmaleSF Effect of Urinary Symptoms on Quality of Life
4 1004

Mean Score
Men Reporting Problem (%)

Months since Randomization Months since Randomization

G ICSmaleSF Nocturia Item

onitoring

Men Reporting Nocturia

0612

Months since Randomization

Donovan JL et al. N Engl J Med 2016;375:1425-
1437

The NEW ENGLAND
JOURNAL of MEDICINE




Outcomes for Sexual Function and Effect on Quality of Life.

A EPIC Item: Erection Firmness B EPIC Problem with Erectile Dysfunction

Men Reporting Sexual Potency (%)
Men Reporting Problem (%)

0 6 12 24 36 48 60 0 612 24 36 48 60 72
Months since Randomization Months since Randomization

C EPIC Sexual Function Score D EPIC Sexual Bother Score
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0 612 24 36 438 60 0612 24 36 48 60 72

Months since Randomization Months since Randomization

E EPIC Sexual Quality of Life

—e— Radical prostatectomy
Radical radiotherapy

--4--- Active monitoring

Men Reporting Effect (%)

0 612 24 36 48 60 72

Months since Randomization

The NEW ENGLAND
JOURNAL of MEDICINE




Outcomes for Bowel Function and Effect on Quality of Life.

+— Radical prostatectomy

A EPIC Bowel Function Score

Mean Score
Mean Score

0612 24 36 48 60 72 0 612 24 36 48 60 72

Months since Randomization Months since Randomization

C EPIC Item: Loose Stools D EPIC Item: Fecal Incontinence

or More (%)

P=0.03

Men Reporting Once per Week
or More (%)
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0 612 24 36 48 60 0612 24 36 48 60 72

Months since Randomization Months since Randomization

E EPIC Item: Bloody Stools F EPIC Item: Bowel Habits

or More (%)

P<0.001

Men Reporting Half the Time
Men Reporting Effect (%)

h
0612 24 36 48 60 72

Months since Randomization

The NEW ENGLAND
JOURNAL of MEDICINE




Outcomes for Health-Related Quality of Life.

—— Radical prostatectomy Radical radiotherapy --+--- Active monitoring

A SF-12 Physical Health Score B SF-12 Mental Health Score

Mean Score
Mean Score

0 612 24 36 48 60 72 0612 24 36 48 60 72

Months since Randomization Months since Randomization

C HADS Anxiety D HADS Depression

Possible Case (%)
Possible Case (%)

0 612 24 36 48 60

Months since Randomization Months since Randomization

Donovan JL et al. N Engl J Med 2016;375:1425-1437

The NEW ENGLAND

& JOURNAL of MEDICINE
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PortecT trial — number needed to treat

* |t was estimated that 27 men would need to be
treated with prostatectomy rather than receive

active monitoring to avoid 1 patient having
metastatic disease

A total of 9 men would need to be treated with
elther prostactectomy or radiation to avoid 1
patient having clinical progression.



There is no routine
prostate cancer.

The James

[/ THE OHIO STATE UNIVERSITY
S COMPREHENSIVE CANCER CENTER




Rate of Upgrading is not Trivial

35% of patients on AS have upgrading of disease on repeat biopsy
22-55% are re-/mis-classified

50% of men on AS will come to treatment

mpMRI/US fusion targeted biopsy leads to Gleason upgrading in 32%
Detects 80% of Index lesions, but misses 53% of non-index lesions with Gleason grade 4, 5

MRI| remains a crude selection tool with only 85% specificity for high grade cancer

Further study is needed to assess if advanced imaging/biomarkers can reduce
the risk of metastasis in men opting for AS vs immediate treatment

Klotz et al, ) Clin Oncol, 20)

Alam et al, ) Urol, 2015

Siddiqul et al, Eur Urol, 2013 oo SASTRO19




Summary

* Active surveillance is an evolving strategy
* |t is appropriate in lower-risk, elderly, comorbidities
* It probably offers the best QOL, lowers costs
* Needs to be well done

* ?value of mpMRI, repeat/fusion biopsies, biomarkers = better risk stratification and patient selection

* Unanswered questions:
* Longer followup needed
* What frequency of PSA, biopsies, MRI imaging ? Should biomarker testing be routine?
* What should trigger treatment?

* |s it appropriate in intermediate risk disease? What about younger pts <607

|'||'|,'|". =t al, Janan 2010: | I:I'|I.I..\.ll|l # oAl Urpl Oncol, L0011 ﬂn '*l'm’"




Importance of MultiDisciplinary Care

MultiDisciplinary Clinic Individual Practitioners

(n=239) (n=462)
Treatment

Prostatectomy (%)
External Beam Radiation (%)
Brachytherapy (%)

Active Surveillance (%)

Aizer et al. ) Clin Oncol, 2012 00 FASTROY9




IMRT, VMAT, Proton therapy

Rectal Spacer (Hamstra et al, JROBP 2017)

Image Guidance

No need for ADT in low risk (RTOG 9408, Jones et al, NEJIM 2011)

O O rastrore




Anatomy without With SpaceOAR System
SpaceOAR System

Prostate

Rectum










An injectable hydrogel to create a rectal-prostate space
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Reduction In Bowel
Dose with Rectal

spacel
CT image MRI image

Hamstra DA et al lIROBP 2017; (97):976.




Reduces both physician-reported and patient-reported bowel toxicity

Improves patient-reported sexual function among those with good

function prior to treatment

Nowel Quality af Life

o

Fime Since Enrollment (months)

ime (months)

‘Hamstra DA et ol UROBP 2017; (97):976; Hamstra DA et al PRO 2018; (8):¢7.




'he randomized trial demonstrating benefit enrolled men with low
and intermediate-risk prostate cancer

It excluded men with >50% cores, men on ADT, and men whose
disease had extracapsular extension

| use it for men in all risk groups, especially if administering
hypofractionation to help achieve bowel dose constraints

| do not place if men have posterior extraprostatic extension



vl P9

We can increase convenience
Hypofractionation (CHHiP, RTOG 0415, PROFIT)

o Patient convenience

o Better resource utilization

o Lower treatment costs

o Potential for therapeutic gain

(Ritter et al. Cancer /., 2008)

© O rastrore




60Gy/3 Gy

CHHIP: Non-inferiority established
for 60 Gy/20 but not for 57 Gy/19

60Gy/3 Gy

Time Since Random Assignmaont (years)

PROFIT: Non-inferiority established

)« ......‘.h Lancet Oncgd 2010 17081 104710464

LattonC MO 2007 l'||"| B34 189

64,6( )V/ 3 4Gy

HYPRO: Superiority not established

10Gy/2.5 Gy

RTOG 0415: Non-inferiority established
ool L Lancet Oncol 2016, 17 (8): 1061-1069
WR A0 2016; 34(20); 2325-233,




Illustrated by the CHHIP trial

U '’ .
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lime trom start of radiation (weeks)




CHHIP 7400 In 200 cGy/ 7400 cGy SIMILAR
6000 in 300 ¢Gy/ 7700 cGy 25% vs. 38% (hf) vs. 38% (hf); p<0.0001
5700 in 300 cGy/ 7300 cGY

PROFIT 7800 In 200 cGy/ 7800 cGy SIMILAR
6000 in 300 ¢Gy/ 7700 cGy 10% vs. 16% (hf); p=0.003

HYPRO 7800 in 200 cGy/ 7800 cGy SIMILAR
6460 in 340 c¢Gy (3/wk) /8700 cGy 31% vs. 42% (hf); OR 1.6, 95% CI: 1.19-2.14

Italian 8000 in 200 cGy/ 8000 cGy SIMILAR TREND INCREASED RISK w/ HYPOFXN
6200 in 310 ¢Gy/ 8100 cGy 21% vs. 35% (hf) p=0.07

RTOG 0415 7380 in 180 cGy/ 7000 cGy SIMILAR SIMILAR
7000 in 250 c¢Gy/ 8000 cGy




[rials that deliver similar biologic dose

7400 In 200 cGy/ 7400 cGy 5.2 years SIMILAR SIMILAR
6000 In 300 ¢Gy/ 7700 cGy

5700 in 300 cGy/ 7300 cGy

PROFIT 7800 In 200 cGy/ 7800 cGy . SIMILAR LESS IN HYPOFXN

6000 in 300 cGy/ 7700 cGy 11% vs. 7%, p=0.006

Italian 8000 in 200 cGy/ 8000 cGy SIMILAR SIMILAR
6200 in 310 cGy/ 8100 cGy




CHHIP

RTOG 0415

MD
Anderson

Fox Chase

7400 In 200 cGy/ 7400 cGy
6000 in 300 cGy/ 7700 cGy
5700 in 300 ¢Gy/ 7300 cGy

7380 in 180 cGy/ 7000 cGy
7000 in 250 ¢Gy/ 8000 cGy

7560 in 180 cGy/ 7100 cGy
7200 in 240 cGy/ 8000 cGy
/600 in 200 cGy/ 7600 cGy
7020 in 270 cGy/ 8400 cGy

SIMILAR

LARGER DECLINE w/
HYPOFXN
Not clinically significant
difference

SIMILAR

l|”\/1|l AH

SIMILAR

SIMILAR

SIMILAR

TREND TOWARD WORSE
INCONTINENCI

SIMILAR

SIMILAR

SIMILAR

SIMILAR




lhe strongest evidence supports 6000 cGy in 300 cGy fractions over 4 weeks
Used in two different RCTs

Tested in all risk groups

Evaluated in both the presence and absence of ADT
ASTRO-ASCO-AUA guideline task force group also favored 7000 cGy in

250 cGy fractions over 5.6 weeks

'he HYPRO hypofractionated regimen was not preferred by the task force
6460 cGy in 340 cGy delivered three days a week over 6.4 wks

Was associated with greater late grade 3 or higher GU toxicity

© O rastror




Ultrahypofractionaion is currently NOT recommended by NCCN
guidelines for Unfavorable-Intermediate Risk disease.
It is only recommended for Low and Favorable-Intermediate Risk
Disease.
ASTRO-ASCO-AUA fractionation guideline conditionally recommends

ultrahypofractionated EBRT in low-risk and intermediate-risk disease

Enroliment on clinical trials or multi-institutional registries is
strongly encouraged for intermediate-risk disease.

| only treat men with Unfavorable-Intermediate Risk disease with
ultrahypofractionation on a clinical trial.




Planned
Accrual

Population

Primary
Endpoint

Ultrahypo-
fractionated
Regimen

Comparator
Regimen

456

HYPO-RT-PC 1200

NRG-GUO0O05

Low and

Intermediate

Intermediate

and High

A

Intermediate
(Gleason £3+4)
Low and

Intermediate
((,ll',’c)')()” = ‘ t “1)

Biochemical or

clinical fallure

Biochemical or

clinical fallure

HRQOI
DFS

Biochemical or

clinical fallure

1625 « ()y/()

4270 cGy/7

3625 « (.ly/()

3625 cGy/5

7020 (‘(vy/}(b

7800 cGy/39

7000 cGy/28

7800 cGy/39 or
6200 cGy/20




Chnical-Genomic Risk Groups
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Risk Group Group Total Points
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Decipher Was Developed to Predict Metastasis

126 No Metastasis

MAYO
CLINIC

L4

umor Registry
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Decipher Does Not Incorporate Clinical Features in Predicting

Individualized Risk

P Prolaris —

”l'

Tumor Data
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Tumor Data
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Clinical Features Algorithm Individualized Risk

Algorithm Individualized Risk

M MICHIGAN MEDICINE

UNIVERSITY OF MICHIGAN




Decipher has the most comprehensive data

National

w Comprehensive NCCN Guidelines Version 2.2019

Cancer Prostate Cancer Primary test used and
Network 5 ; .
approved for post-RP with

Table 1. Available Tissue-Based Tests for Prostate Cancer Risk Stratification/Prognosis adverse path

Populations | Qutcomels) Reported Selected
Studied (Test indepandantly predicts) Raferences
Occ.phcr Whole- transcrptome 1 4N Post radical prostatectomy (RP . Metasiasis 4 1 144 24
F ¢ adverse pathoioGyMigh-nsh . Prostate cancer-epecific mortality YASIS

Test Platform

Also approved for pre-tx Biopsy:
-Very low risk

-Low risk

-Fav intermediate risk

Only test approved for:

-Unfav intermediate risk

3

isease ot RP

Adverse pathalogic features af RF

'RADIATION ONCOLOGY M | MICHIGAN MEDICINE




AUC of 0.84 to predict metastatic disease

e 3-i0r climical-genamic nisk groups = franing
£ tier clinical genomic risk groups w— \alidation
NCCN 3-risk groups

waes NCCN 4-rigk groups

Clinical-Genomic
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Spratt DE, JCO 2018
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Accepting the reality:
~50% of men die within the first 10 years post-RT

80-90% die of other-causes
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Trying to reduce this: Minimize Toxicity:
~15% distant mets at 20 years EBRT side effects:
+ 1-3% grade 3 toxicity
= 10-20% grade 2 toxicity
*  20-50% loss of erectile function

Low dose EBRT ADT side effects
28 months ADT

RTOG 9202




Harvard/DFC| 95-096* | RTOG 94-08
70 Gy, +/- 6 mo ADT 66 Gy, +/-4 mo ADT

5 4 ‘7"‘;

No. of Total
Deaths No

Yoars since Randomization

Intermediate (/3 rSK patie Intermediate-risk patient subgroup




Retrospective analyses suggest Unfavorable-Intermediate but
not Favorable-Intermediate Risk disease benefits from ADT

1
|
|

Bian S Annals of Oncology 2012 23(9):2346.




In post-hoc &retrospective analyses only those men with

no/mild comorbidity benefited from ADT

No/mild comorbidity Moderate/severe comorb No/mild comorbidity

p=0.009 - p=0,16 p=0.0006

ADT side effects include hot flashes, fatigue tile dysfunction, de

Moderate/severe comorb

p=0, 38

ised Hibido, weight gain




Men w/ intermediate & high risk prostate cancer received 46 Gy whole
pelvic radiation and 12 months of AD1

Randomized to '#°| brachytherapy boost (115 Gy) or EBRT boost (32 Gy)

NoO overall survival benefit has been demonstrated

e EBRT
LDR boost

Morris Wi et ol IROBP 2017, 98(2): 275,




1, Urinary brettatiw

Brachy boost increased the risk
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* The optimal treatment for high-risk prostate cancer (PCa) remains unclear,
with three standard of care options supported by the NCCN and EAU
* EBRT with 2-3 years of ADT
* EBRT+BT with 1*-3 years of ADT

*« RP with or without postoperative therapies

* Limited prospective data exist, with only one ongoing randomized study
(SPCG-15)

* Numerous retrospective comparisons have been reported

* Older reports largely did not account for standard of care utilization of ADT with RT,
and found large benefits to surgery







