Surgery/radiotherapy/chemotherapy/hormo
nal manipulation interactions and

treatment damage:

UNIVERSITA Barbara A. Jereczek-Fossa
DEGLI STUDI

DI MILANO

European Institute of Oncology
University of Milan

Incontri Bresciant 41 Radlioterapia Oncologica - Edizione 2014
Brescia Meetings in Radiation Oncology - 2014 Edition

NORTHWEST PASSAGE:
KEY-FUNCTIONS PRESERVATION IN ONCOLOQY

Brescia 26.09.2014 = lai Oncologia

VALIDATED APPROACHES TO
NON METASTATIC PROSTATE CANCER
Active monitoring (low-risk) & watchful waiting
(advanced)

Active treatment:
L Radical prostatectomy
L Radiotherapy

L Combination with ADT (surg/RT +/- ADT)

Advanced disease: combined tretaments

e
European Association of Urology, Heidenreich 2014 e —}'§°> >




DISEASE COURSE in PROSTATE CANCER

Localized PCa Recurrence Dissemination Progression
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COMBINED TREATMENT
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Combined treatment

1. RT + ADT
2. Surgery + RT

3. RT + CHT
4. New agents
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Cancer survivors park




RISKS and BENEFITS

Benefits
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Combined treatment

RT + ADT
Surgery + RT
RT + CHT
New agents

Does Hormone Treatment Added to
Radiotherapy Improve Outcome in
Locally Advanced Prostate Cancer?

Meta-Analysis of Randomized Trials

Emilio Bria. MDD, Federica Cuppoone MDD Diana G annaralli, PhD*. Michele Milella. MD
Enzo Maria Ruggern, MDD Isabella Sperduti. PhD”; Pacla Pinnard, MD'; Edmondo Terzoll, MD
Francesco Cognetti, MD'": and Paolo Carlini, MD'

Iancu 2009, 115:3446-50. I
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Level 1a evidence




BIOCHEMICAL CONTROL

A. Primary Outcome: BF.

Group by Study name Cutcome Risk ratio and 95% C1T
HT Duration

LT Bolla ASTRO 20058 BF
LT Pilepich ITRBF 2005 BF
LT See JCROO 2006 BF
LT

5T D Arnico JAMA 2008BF
ST Lavardiere JU 2004 BF
ST Denhaan LO 2008 BF
5T Roach JOO 20038 BF
5T

Overall

Reduction in biochemical failure - RR 0.76 (10%)

Number needed to treat: 10

Level 1a evidence 7 g umones

CLINICAL PROGRESSION FREE

SURVIVAL

B. Primary Outcome: CPFS.

Grouap by Study name Outcome Risk ratio and 95% CI
HT Duration

LT Bolla ASTRO 2008 CPFS

LT Sce JCRCO 2006  CPFS

LT Pilepich URBP 2005CPFS

LT

ST Denham LO 2008 CPFS

ST Roach JCO 2008 CPFS

ST

Orverall

Reduction of the risk of clinical progression RR 0.81 (7.7%)

Number needed to treat: 13

Level 1a evidence
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LOCAL AND DISTANT CONTROL

E. Secondary Outcome: LR. F. Secondary Qutcome: DM.
Group by Study pame Outcome Risk ratio and 95% C Growp by Study name Ouicome Risk _ratio and 93% CI
HT Duration HI Duration

LT Bolla ASTRO 2048 LR LT Bolls ASTRO 2008 DM
LT Pikpich URBP 2005LR LT Pilepich URBF 2005DM
LT LT

5T Denhan LO 2008 LR 5T Roach ICO 2008 DM
ST Reach JCO 1008 LR 5T Denham LO 2008 DM
5T 5T

Onerall Ovenll

Frvouurs HT=ET Faveun BT

Reduction in local failure and distant metastasis (by 36% and 28%)

Level 1a evidence

s Istituto
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OVERALL SURVIVAL

D. Secondary Outcome: OS.

Guowplby =~~~ Study name Duicome Risk and D5
HT Dur:

LT Bolla ASTRO 2008 OS5
LT Pilepich LIRBP 2005 OS5
LT See JCRCD 2006 OS5
LT

ST DrAmics JAMA 200805
5T Denlaan LO 2008 OS5
3T Roach JCO 2008 o5
5T

Crverall

Reduction of the global mortality RR 0.86 (4.9%)

Number needed to treat: 20

Level 1a evidence
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CURRENT EVIDENCE FOR AD/RT

Randomized trials & meta-analysis

Patient category Treatment (RT) Level of
evidence

Low risk/very low risk RT or active monitoring
(T1,2a; PSA< 10, GS< 7)

Intermediate risk High dose RT 1b
(T2b-c, PSA 10-20, GS 7) or RT + short term AD

High risk/very high RT + long term (2-3y) 1a
(T3-4, PSA> 20, GS 8-10) or |AD
N1

. di o«:: ologia

RT

High- risk 2 years

6 months

_ Selected
intermediate
risk

AGENT: single LHRH analog +/- antiandrogen

Istituto
di Oncologia

no role for bicalutamide alone




TOXICITY

Does Hormone Treatment Added to
Radiotherapy Improve Outcome in
Locally Advanced Prostate Cancer?

Mceta-Analysin of Randomiazed Trials

...No difference in toxicity...

(under-evaluated?)

Level 1a evidence? i@iss...




MAJOR CONCERNS

1. Cardiac toxicity
2. Diabetes mellitus
3. Bone fractures
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LOCAL TOXICITY?

ESLAR L 200 RAMARK D

oy

NEOADJUVANT: DOWNSIZING

“Most of the reduction: in the first 2-3 months

Istituto
di Oncologia




NEOADJUVANT: DOWNSIZING

ahon ture M

AD allows for:
{ rectal volume in high-dose area by 18-28%
{ bladder volume in high-dose area by 45-50%
! bowel volume in high-dose area by 12-100%

-] Istituto
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PITFALLS OF DOWNSIZING

~

_Radiation
field borders

* Higher RT doses to rectum and bladder if RT + AD start

together (if prostate RT only)

..:;5:' Istituto
- Effect on late toxicity? ' di Oncologia
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Functional Outcomes and Complications Following Radiation
Therapy for Prostate Cancer: A Critical Analysis of the Literature

Lars Buddus™ ", Michel Bolla®. Alberto Bossi®, Cesare Cozzarini®, Juanita Crook*,
Anders Widmark’, Thomas Wiegel™

“....Established risk factors for acute or late toxicities after RT include:
U advanced age,

U larger rectal volume,

U a history of previous abdominal surgery,

U the use of concomitant androgen deprivation,

U preexisting diabetes mellitus,

O haemorroids, Budaus et al. 2011

3 Istituto
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U and inflammatory bowel disease...”

FULL PAPER

Keywords: EBRT, prostate cances; network meta-analysin

Efficacy and toxicity of external-beam
radiation therapy for localised prostate
cancer: a network meta-analysis

Z Zha', J Zhang'. Y Liu', M Chen'. P Guwo” and K Li™

HypoRT + Short ADT:
N ar QMost efficacious
HFERT LDRTSADT DHigheSt tOXiCity

HDORT+SADT
LDRTHLADT




1.
2.
3.
4,

Combined treatment

RT + ADT
Surgery + RT

RT + CHT
New agents

Lancet 2006; 366:572-78

Postoperative radiotherapy after radical prostatectomy:
a randomised controlled trial (EORTC trial 22911)

Mhl Boll Hew van Poppel, Lsurence Colierie Paud ven Cangh, Km Vebemany, Lng Do Pocza Theo M dv boghe. Ardamy Verbonys
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JOURNAL OF CLINICAL ONOCOLOGY

Phase LI Postoperative Adjuvant Radiotherapy After
Radical Prostatectomy Compared With Radica
Proststectomy Alone in pT3 Prostate Cancer With
Postoperative Undetectable Prostate-Specific Antigen
ARO YOS O2/ALO AP OYS

0022534700181 300560

. 5
956 | www jurology.com THE JOURNAL OF URCLOGY’

Copyright © 2000 by Aencan Unctoaicat Assocamcn

Vol 181, 855852, March 2000
Frinted in U.5.A.
DOI:10.1018/j jure.2008.11.032

Adpovent Racddotherapy Tor Pathological TINOMO Prostate Cancer
Significamtly Reduces Risk of Metastases and improves Survival
Long-Term Folowup of & Randomized Clinical Tridd

o M Thorusos
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HIGH EVIDENCE:

3 RANDOMISED STUDIES

Trial Inclusion | Pts F-up | Biochemical | Clinical Metastasis | Overall
criteria control (%) progression | free survival
free survival | survival (%)
(%) (%)
EORTC RATS NO 1005 5y 74% vs. 52% | 85% vs. 94% vs. 92%vs.
22911 0 (968 75% 94% 93%
2012 or R1 eligible) < 0.0001
0.004 0.6 0.6
SWOG R)/ITS NO 431 12.7y | 10y: 10y: 10y: 10y:
87-94 0 (425 53% vs. 25% | 70% vs. 71% vs. 74% vs.
2009 or R1 eligible) 50% 61% 66%
< 0.001
0.001 0.016 0.023
ARQ96- R)/ITS NO |388 5y 72% vs. 54% | - - -
AUOAP 0 (307
09{)95 and eligible)
2009 undetect 1
able PSA RO

OVERALL SURVIVAL

20% i Median 10-Year  L-——-
At Risk Death in Years Estimate
11— Adjuvant RT 214 88 15.2 T4%
——~— No Adjuvant RT 211 110 13.3 66%
0% T T T T T T T T T T T T T T T T T T T 1
o 20

10
Years from Registration

Mumber at risk
RT 214 179 143 32
Mo RT 21 168 118 26

Figure 2. Survival by treatment arm

0022-5347 /081181 3-0856 Vol 181, 955962, March 2008
E AL OF Ul . u.sA,

Copyright © 2008 by Amemcan Unecoaica, Assosixmcn DOk10. 1018} jure 2008. 11,032




Adjuvant radiotherapy following radical prostatectomy for
prostate cancer (Review)

Daly T, Hickey BE, Lehman M, Francis DP, See AM

THE COCHRANE
COLLABORATION®

2011 = Y mopes

OVERALL SURVIVAL AT 10 YEARS

Seboesal (95% CIH LT L i) . 100.0 % 0,00 [ 005,002 |

m

Sebeotal (95% CI) 214 21 100.0 % Al | -820, 002
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TOXICITY

“Genitourinary and gastrointestinal toxicity is
moderate:

...with late side effects (> G2)

between 3% (ARO) and < 5% (EORTC)...”

.,:;;:-. Istituto
s di Oncologia

SWOG: QUALITY OF LIFE
I A

Erectile = =
dysfunction

QoL at 3 months worse better
QoL at2years = =

QoL at 3 years  better worse

P S Sogia




URETHRAL STRICTURE

AR 1 5 a“" . X
Subtotal (95% CI) 159 148 - 100.0 % 0.01 | 002,003 |
' ] 9
Subtotal (95% CI) 214 211 — 100.0 % 008 | 0.02,0.15 )
- - v 4 v ]

Daly 2011

/ A . . . -~
4 ® i
Subtoeal (95% CI) s 52 e 19.0 % 0.06 | -0.02,0.15)
. - 1 000 008
Subtocal (955 C1 204 2 —— K1L0% 0,04 | 0,00, 0,08 |
e 4 (Achavare KT} 600k
Torad (95% CI) 262 265 —— 1000 %% 0.04 | 0,01, 0,08 |

Daly 2011




IMPACT OF SURGERY

Surgery was dooe before entry into the stady. Surpery
consisted of retropublc approach, negative Boobturator
lymphadenecsomy, proseatociomy with sceal remowal of
the prostase ghand and of the seminal vesiches. A unilserad
o¢ bilaseral pervesparing echaique was applied peovided
the peocedure did not increase the risk of macroscopically
poaitive surgical mangins

EORTC re—

Surpory was donwe hetore ontry onso the study . Sarpery comsetod of open
RP and peivid Ivengpdusdenecnnmy (mcadeng e prostate ol and scessnal

vk b L A e o Balaseral nervy agarmg 1o hmigan win slhowed when 1 dad

ot awvodeg an crcesod nsk of positivg saacal msrgns

e
ARO SAT9E was o redomiaed slt-inetitutenal study of ad
juvast RT S petledogwally advanced prestate cancer
after madical prostatectamy Klhypble patsnts with chmacal
T1-2 prosisle cancor et have undergoas radicad pros
talectomy withun 16 weeks defore randemization and
must have had o1 least | criterion of pathelogical Ta
disease such as exiracapeulsr tusor exlension, gosdiive
mangine or sospinal vosicle invasion. AR patients had to
Bave a negalive ot scat ated were milially roguited
have had a negative peldvic lymphadenectomy Starung in

SWOG .'.‘;";..,‘E'P';.
R di Oncologia

ROBOTIC SURGERY

Evidence-Based Comparison of Robotic
and Open Radical Prostatectomy

William T. Lowrance'*, Tatum V. Tarin', and Shahrokh F. Shariat®

'Departmeqt of Surgery (Urology Service), Memonal Sican-Kettering Cancer Center.
New York; “Department of Urology and Medical Oncology, Weill Cornell Medical
Center. New York

Trend for lower PSM rate in RALP
Tendency to deliver salvage RT

.-::SE:' Istituto
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TRIFECTA

1. Continent OlxIx
2. Potent X010

3. Cured of cancer X|O|O

Memorial Sloan Kettering
Bianco et al 2005 .'.”.Mo
S, di Oncologia

TRIFECTA dati IEO
BJUI

B Internanonat

Reporting combined outcomes with Trifecta and
survival, continence, and potency (SCP)
classification in 337 patients with prostate cancer

freated with image-guided hypofractionated

radiotherapy

Barbara A. Jereczek-Fossa*?, Dario Zerini*, Cristiana Fodor*, Luigi Santorof,

Andrea Maucieri*¥, Marianna A. Gerardi*Y, Barbara Vischioni'!, Raffaella Cambria’,
Cristina Garibaldi’, Federica Cattani’, Andrea Vavassori®, Deliu V. Matei?,

Gennaro Musi’, Ottavio De Cobelli'* and Roberto Orecchia* ™!

‘Meoahood Physios, "Usology. and 'Epicomciogy and Blosiafshcs of the European

Depariments of "Roasadon Onoology
2 (CNAD), Povia

ratfde of Oncology TUntversty of Mian. AMon. and TTCento NaZoNale o Akoleayed Onooiogk

Naly
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Higher-than-expected Severe (Grade 3-4) Late Urinary Toxicity
After Postprostatectomy Hypofractionated Radiotherapv:
A Single-institution Analysis of 1176 Patients

Cesere Cozzarind™’, Clandve Flarkso’, (higre Deantowd *, Alberto Rriganii', =4
Marfangrio Lo Macriva®, Sarbara Nortr (hiorda *, Pocle Marks Vittona Rosco 2 - ———
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Study

ONGOING STUDIES

Status

RTOG 96-01 Closed

(3/2003)

RADICALS  ongoing

RTOG 05-34 ongoing

SAKK

ongoing

Study design RT volumes

Salvage RT +/- ADT Prostatic bed only

Adiuvant RT vs. salvage Prostatic bed only
RT +/-ADT

Salvage RT +/- ADT Prostatic bed vs. prostatic
bed + pelvis

Salvage RT (64 vs. 70 Prostatic bed only
Gy)

g & Ovicol

1.
2.
3.
4,

Combined treatment

RT + ADT
Surgery + RT

RT + CHT

New agents




DOCETAXEL

Docetaxel-based chemotherapy

the first demonstrated overall survival benefit in hormone
refractory prostate cancer CRPC castration resistant
cancer)

SWOG 9916 Petrylak 2004
TAX 327 Tannock 2004

Chemotherapy added to local therapy
in non-metastatic high risk patients?

= Istituto
. di Onc ologia

CHEMOTHERAPY AND RT

SWOG 9024 phase Il feasibility but low activity of 5-FU added to
RTin T3-T4 Swanson 2006

Rosenthal 2009

RTOG 9902 phase Il 397 high risk pts

/\
RT + 2y AD RT+2y AD + 4 TEE

(paclitaxel, etoposide, estramustine)

excess tromboembolic tox (closed earlier)

Acute hematological tox T

Gl t

GU no difference
Toxic death (neutropenia) 2 pts

AML 3 pts

Late tox no difference

Istituto
di Oncologia




CHEMOTHERAPY AND RT

SWOG S9921
mitoxantrone+ADT vs ADT

accrual to this study was halted
after determination of
3 cases of acute myelogenous
leukemia in the mitoxantrone arm

.,:;;:-. Istituto
s di Oncologia

A phase III trial of docetaxel-estramustine in high-risk
localised prostate cancer: A planned analysis of response,
toxicity and quality of life in the GETUG 12 trial

R ADT (3 years)
— S DE Local
«Gleason 28 D X 4 cycles I::m::
« PSA>20 0
-T3 M
- pNe / pN- | ADT (3 years)
é Local
Treatment
at 3 months

Local treatment: RT 87%, surgery 6%, hone 6%

Fizazi et al. Eur J Cancer 2012.‘3‘.,?‘3:0
= di Oncologia




RESULTS

Fig. 4 « PSA resp dat3m

Too early for OS (few events)
Higher toxicity and lower QoL in CHEMOTHERAPY Arm

Istituto

Fizazi et al. Eur J Cancer 2012 .
%P di Oncologia

Clinical Genitourinary Cancer 2014

Original Study

Phase I Trial of Weekly Docetaxel, Total
Androgen Blockade, and Imaoe Guided Intensity-
Modulated Radiotherapy for Localized High-Risk

Prostate Adenocarcinoma

David T. Marshall,’ Stephen Ramev,' Ali-Reza Golshavan,' Thomas E. Keane,
Andrew S. Krafr,” Uzair Chaudhary’

dLimited IMRT volume

JAcceptable tox o

di Oncologia




ONGOING RESEARCH

O 10 ongoing phase Il studies on docetaxel-based
regimens in high-risk localized cancer:

RTOG 0521 RT/AD +/- adj Docetaxel+prednisone

0 RTOG 0621 (phase Il) adj post-prostatectomy RT/AD +
Docetaxel

O Novel agents...

‘::55:' Istituto
. di o-eologu'

Combined treatment

RT + ADT
Surgery + RT

RT + CHT
New agents




Trsquinimod

DHEA : Testosterone/ Afibeecept

Androstenodine - DHT Bevaisumal
fﬁm Alrralaons ’
Progestes A. 700 l
" Prostate '—-/ VEGF-mediated
Sipndeuces-T Cancer Cell f—novanon \2nglogenesis

Prostya
%ulrlulll.ll

|
ot D

r Dasadb
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\‘-\\ -L Zotodronc ackd
™y,
Axial Bone e .1_
~
e ', - i :
Osteoclasts  #™ 4 4 4 A0 o AP .
2 A

FDA APROVED AGENTS
IN CASTRATION RESISTANT

PROSTATE CANCER

QCabazitaxel: novel taxane that can evade multidrug-
resistant proteins

UAbiraterone: androgen biosynthesis inhibitor

UDenosumab: monoclonal antibody for RANK-L (signalling
pathways promoting bone resorption)

QSipuleucel T: vaccine (autologous peripheral blood mononuclear
cells, obtained by leukapheresis and cultured with
PAP, reinfused to induce response to PAP-
expressing cancer cells)
UEnzalutamide.... )
ORadium-223........ . |
= di Oncologia




Agent

MOA Studies

Trial Results

Abiraterone Acetate

Potent and selective inhibitor Phase Il studies post- and
of CYPI17-alpha-hydroxylase pre-docetaxel with
and C17,20-lyase prednisone

COU-AA-301 729
Met endpoint of 0S

0S: HR 0.74; 95% Cl 0.638-0.859; p < 0.0001
26% reduction in risk for death
COU-AA-302°% met endpoint of rPFS and trend in OS

0S: HR 0.79: 95% CI 0.66-0.95; p = 0.0151

21% reduction in risk of death

rPFS: HR 0.43 ; 95% Cl 035-0.52 ; p < 0.0001
57% reduction in rPFS

Other combination trials ongoing

Enzalutamide

AR antagonist, inhibits
nuclear translocation and
blocks DNA binding of the
receptor and activation

Phase Ill studies post- and
pre-docetaxel

AFFIRM? met endpoint of 0S

0S: HR 0.631; 95% CI 0.529-0.752; p < 0.0001
37% reduction in risk of death

PREVAIL" met endpoints of 0S and rPFS

0S: HR 0.706; 95% CI 0.60-0.84;

p =0.0001

rPFS: HR 0.186; 95% Cl 0.15-0.23; p = 0.0001

MO CRPC PROSPER trial recruiting and other trials ongoing®'

Orteronel (TAK-700)

Galeterone (TOK-001)

ARN-509

Selective, non-steroidal,
small-molecule inhibitor of
17,20-lyase

Phase IIl studies post- and
pre-docetaxel with
prednisone

AR antagonist and AR
degrader and a CYP17 lyase
inhibitor

Phase 1/l ARMOR 1 and
RMOR 2

AR antagonist, inhibits Phase /1l
nuclear translocation and
DNA binding of the

ELM-PC5 did not meet primary endpoint of 0S%°

0S: HR 0.886: 95% Cl 0.739-1.062: p = 0.1898

Substantial regional differences in OS were seen
rPFS: HR 0.76; 95% Cl 0.653-0.885; p = 0.00038
ELM-PC4

Fully recruited-ongoing??

Others: orteronel vs. bicalutamide in mCRPC patients failing
first-line LHRH agonists or surgical castration?®

Orteronel vs. bicalutamide in hormone-naive prostate cancer
patients failing on LHRH agonists

ARMOR 232
Reformulated galeterone

Significant improvements in PSA response at 12 weeks in
CRPC as compared with ARMOR1

M1 treatment naive 2,550 mg QD PSA response: 90% = 30%
and 81% = 50%

N = 30 with doses 30 mg to 480 mg

PSA declines at 12 weeks =50% in 46.7%%*

receptor Phase |l trial recruited®*
MO CRPC Spartan trial recruiting?®®
ODM-201 ORM-15341 No CYP inhibition or Phase 1/11 ARCADES Trial*®
(main metabolite) Lnodsuecstion with therapeutic Chemotherapy,

CYP17i-naive =50% PSA: 65%

Post-chemotherapy/CYP17i-naive =50% PSA 32%

Post-CYP17i =50% PSA: 9%
MO CRPC trial planned

Abbreviations: MOA, mode of action; 0S, overall survival: HR, hazard ratio; Cl, confidence interval; rPFS, radiographic progression-free survival; AR, androgen receptor; PSA, prostate specific

antigen; CRPC, castration-resistant prostate cancer; LHRH, luteinizing-hormone releasing hormone: QD, every day.

Sternberg et al ASCO 2014

@V di Oncologia

NOVEL AGENTS + RT...

O At least 6 ongoing phase Ill studies on

docetaxel-prednisone plus a novel agent

1. First toxicity profile and activity in CRPC

2. Then will they be tested in locally

advanced cancer?
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REVIEW Open Access

Radiotherapy and “new” drugs-new side effects?

s Istituto
Nyazi et al. Radiat Oncol 2011;6:177 .' dlumacologhl ncol

Clinical Investigation: Genitourinary Cancer

Phase II Study of Long-Term Androgen Suppression With
Bevacizumab and Intensity-Modulated Radiation Therapy

(IMRT) in High-Risk Prostate Cancer

Jacqueline Vuky, M.D.,* Huong T. Pham, M.D.,’ Sarah Warren, B.A.,"
Erika Douglass, B.A.,' Kasra Badiozamani, M.D.,' Berit Madsen, M.D.,
Alex Hsi, M.D., and Guobin Song, M.D.’

Late toxicity was concerning,
with higher than
anticipated levels of GU or Gl toxicity

50% pts: late bleeding complications

i di Oncologia




Angiogenesis (200 5) 1685454
DOS 0 MO ISA01 L0 s

ORIGINAL PAPER

Dose-dependent response of tumor vasculature to radiation
therapy in combination with Sunitinib depicted by three-
dimensional high-frequency power Doppler ultrasound

Abmed Bl RafTas - Anoja Giles - Gregory ). Czarnota

Radiosentitizing effect of sunitinib is

linked to a vascular normalization

.,:;;:-. Istituto
s di Oncologia
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ORIGINAL RESEARCH

Concurrent sunitinib and stercotactic body radiotherapy
for patients with oligometastases

Final report of a prospective clinical trial
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Promsing results
Feasible
Qincreased acute toxicity




NON-RESPONDERS AND TOXIC RESPONDERS
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Paradigm shift in health care:

PERSONALIZED MEDICINE

HIGH PRECISION MEDICINE

genomic..

g tools 3

h€3 ll rlf—xﬂ e~ dec:s:oh

fSrmation. personallzed o
med|<:|ne == =Sl







