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Precision-Guided Radiotherapy to Kill Cancer
Cells and Protect Normal Cells

High Dose
Low Dose To Cancer
To Normal
Cells
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Patient-Unique Tissue

Anatomy And Physiology

C D Roach, JCO, 2007
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Intrinsic and Microenvironment Predictors

e Can we develop individual therapy-based decisions
for precision IMRT radiotherapy ?

e |s the microenvironment a factor in this decision ?

« What biomarkers might be useful in trials to act on
this information in normal/cancer tissues ?
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Theragnostics: Predict and Change Treatment

All chromosomes L SNP location

are sequenced
All SNPs are
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Biomarker Data

Bristow-2004; Adapted after :press2.nci.nih.gov/sciencebehind/snps_cancer
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RT Predictors: Complex In Situ Response

RT Endpoints: Post-RT PSA, Biopsies, MRSI, proteomics
Signal to Target: Pre-RT, Intra-RT (4-D Tracking), Post-RT
(PSA nadir or DT)

Need Modern Dose & Local Control increasing;
High-dose IMRT: Toxicity decreasing
Toxicity Scoring: PT-derived, Prospective,

Biological Plausibility (Radiopathology?)

Single/Combined Risk Groups: RT alone versus RT+ AD:
Treatment need local and systemic predictors
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Risk Groupings and Pre-treatment

Prognostic Factors

PROGNOSTIC FACTORS RISK GROUPS

o Traditional: T-stage, PSA, o LOW: T1/T2; PSA <10; GS 4-6
Gleason Score (Brachy, EBRT)

 Newer: Percent Positive « INTERMEDIATE: T1/T2; GS 7;
Biopsies, Ki-67, PSA DT < 10 PSA 10-20 (Brachy/EBRT +/-
months Hormones)

 Promising: p53, BAX-BCL2,  HIGH: PSA > 20; GS 8-10; T3-
EGFR,MDM2, SURVIVIN, T4 (EBRT + Hormones+/-
pl6NK4a Hypoxia Chemo)

Are there signatures for radioresistance and normal toxicity ?
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MDM2, p53, BAX-BCL2 and Radioresponse

BCL2/BAX RATIO

Neg/Norm(n=43)

Neg/Abn(n=12)

Fraction free of failure
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1 P-value for difference < 0.001 by log-rank test
T T T T T
0 2 4 6 8 10

Time (vears)

Pollack, JCO-2003

Ritter-lJROBP-2002

Similar data for MDM2 Over-expression in RTOG 86-10 (Khor, 2005)
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MDM2, p53, BAX-BCL2 and Radioresponse

100
Khor, 2008
Failed / Total
27/87 Negative Bel - 2/Normal Bax
1041282 -~ pogtive Bel - 2 and/or Altered Bax
?5_ p = 0.0248
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YEARS FROM RANDOMIZATION
Patients at Risk
Normal 87 69 56 45 34 18 !
Altered 232 161 117 o4 76 52 2

Also suggested that LTAD (2y) vs STAD (4m) when BCL-2+
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Hormone-RT Responders: Number of

AR-CAG Repeats & Failure

100 | Faiied/Tota: S=year rate (95% CI})
CAG<19, RT 9/22 36,4 (15,6, 57.1)
CAG=19, RT+HT 4/22 4.6 (0, 13.5)
— CAG219, RT 14/32 25.0 (9.7, 40.3)
75 4 & CAG=19, RT+HT 8T 37.0 (12,2, 61.7)
-
i
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24 36 48 60 T2 B4 96 108 120

MONTHS FROM RANDOMIZATION

FIGURE 1. Time to local progression by CAG/treatment as-
signment combination. The group of patients with short
CAG repeats receiving RT + HT had less local failure com-
pared with both the patients with long CAG repeats receiv-
ing RT + HT (P = 0.028) and the patients with short CAG
repeats receiving RT alone (P = 0.026). (abdel-wahab et al: 2006)
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P53, MDM2, BCL-2: Experimental Therapy
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Days post first treatment

Fig. 2 Effect of Ad5-p33 + 5 Gy radiation on PC3 fumer velume
growth. The groups shown include PBS conirel (@), PBS + 5 Gy RT
(1. Ad5-pA vector alone (©), AdS-pA + 5 Gy BT (W), Ad3-p53 alone
(&), Ad5-p334+5 Gy BT (). The number of animals per group is shown
in Table 1. This is a representative experiment of two.

Cowan, Meyn, Pollack, 2000
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Fig. 2. Clonogeme assays of LNCaP cells eoltured m CM alone or with AS or ASM (200 nlM) added for 24 h before
RTat2 4 or 6 Gy.

Mu and Pollack, 2004

Similar Effects for anti-BCL-2 (Genasense) In Vitro-PC3/LNCAP

-,
-

oo BY
(" % Princess Margaret Hospital
" kwi_. University Health Network




7@

¥

=

By
L)
be

Anti-p53 Therapies As Nutlin/PRIMA-1: p53-specific ?
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Supiot et al; Mol Can Ther 2008; Rad&Oncol 2008
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Microenvironment: Tumour Hypoxia

Normal

Tumour

Ereak in
vessal walls

Chronic
Hypoxia

<4+—

Temporary
occlusion

Hypoxia

Fed blood cells

(adapted from Brown and Wilson; Nature, 2004)
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Intratumoural hypoxiais a

negative clinical prognostic factor

Freedom from biochemical failure (%)

Radiotherapy Radical Prostatectomy
S |
: ~ Less hypoxic
100 — Less hypoxic © 100
/ c 4
]
80 — = 80—
18]
Q
60 - L g 60 —
e L.
o
o
40 - 'S 40 4
/ g
204 More hypoxic E 20 /
) More hypoxic
0 | | I | | | | | | | | | § 0 | | | | I | | 1
0 1 2 3 4 5 6 7 8 9 10 11 12 L 0 1 2 3 4 5 6 7 8
Time from radomisation (years) Time from radomisation (years)
—— Score0-2 —— Score3  —— Score 4 ——Score0 ——Scorel —— Score?2
——Score3 ——Score 4

(adapted from Vergis et al.; Lancet Oncol, 2008)

 Prostate tumours with increased HIF1, VEGF and OPN have higher relapse
» Potentially a local and systemic problem (cervix, HEENT, breast, sarcoma, etc.)




Osteopontin

OPN during RT
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Christensen, Chambers and Bristow, 2008

-plasma OPN predicts for advanced disease; triage high-risk patients ?
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Bicalutamide Reduces Hypoxia

35 Milosevic, 2007
[] Pre-Bicalutamide
30+ [ Post-Bicalutamide
No relationship to: S 25
I
e T-Category E 20
» Gleason score S 5<0.005
g PSA . o 15
e Change in PSA =
 Duration of T 10
bicalutamide = 0<0.0001
5
0 .
All Patients Responding Patients
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VEGF-Angiogenesis

Mutated Oncogenes

& Tumor Suppressor
Genes

Checkpoint Control
DNA Repair
Apoptosis

Increasing Hypoxia

Pre-Malignant Aggressive
(Prostate i
Intraepithelial | Malignant

Neoplasia; *Anti-VEGF/HIF1a therapies
Genetic -Precision_ Radiotherapy
Instability) to hypoxic areas

Androgen Deprivation
cAntioxidants if PIN
*Target HR-deficient cells
*Hypoxic cell toxins
*(e.g. tirapazamine)

Chan, Milosevic, Bristow, Future Oncology, 2007

(High Proliferation;
Androgen-Independent;
Local Resistance and
Metastatic)
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DNA Repair & Radiotherapy: Foci As A Biodosimeter

DNA repair

foci assays
-
{to quantitate

DMNA-DSBE number
and protein-protein
co-localization)

Single Nuclei Single Nuclei-3D

Nature Reviews | Cancer
Bristow and Hill_ 2008 g
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Predict Responders and Non-Responders

DNA ARRAYS

RNA ARRAYS
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Prostate Ca Example:
Frozen biopsies from ~250 men

pO2 measurements
CGH-ATR/SSB pathways
Outcome data

Donor paraffin block

Recipient paraffin block

TISSUE ARRAYS
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SNPs for Toxicity
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SNPs and Normal Tissue Toxicity

-Combined SNPs of TGFB1, VEGF (growth factors) and ATM, XRCC3, XRCC1,
RAD21 (DNA repair) predicts for increased ED and rectal bleeding following
radical XRT (OR = 3-4: Moore, 2007; Langsenlehner, 2008; Cesaretti, 2007; Peters, 2008)

60 35
3% p=0.05
S{I -
4.'] a
26% 8%
3.'] -5
20
10
ﬂ .

TGFB1 TGFp1 -509 Population

-509TT C/T or C/C

genotype genotypes

Fig. 2. Radiation Therapy Oncology Group (RTOG) late Grade | or
2 rectal bleeding. We observed no cases of late RTOG Grade =3
rectal bleeding. Patients harboring the —509TT polymorphism
had a 55% (6 of 11) occurrence of rectal bleeding compared with
those who did not 26% (34 of 130) (p = 0.05). TGFS1 = transform-
ing growth factor 1.
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Molecular Therapeutic Ratio

Tumour Resistant (need surgery, RT sensitizers, Adjuvant):

-High BCL2, p53, MDM2, P16INK4a
-High HIF1, VEGF, low pO2

-High CTC and OPN (mets)

-Role of TMPRSS2:ERG-unknown

Normal Tissues Sensitive (need surgery, RT radioprotectors):

-Severe DNA repair disorders such as AT
(Note: BRCAL1/2 probably OK and think PARP inhibitors

-SNPs in XRCC1, XRCC2, TGFB1

Testable Hypotheses in Modern Cohorts With
Bioinformatic Approaches And Validation Cohorts
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Stem Cells In Prostate Cancer

Molecular
Stem Cell
Marker
Assessment
(CD44_integrins
CD133, etc.)
+ - )
Functional Imaging Resistant Phenotype
_ o_f Activation of DNA Damage Sensing
Microenvironment Pathways (ATR, ATM) ?
(Perivascular or Increased DNA-dsb Repair ?
hypoxic niches; Decreased Clonogenic Kill ?
~mesenchymal- Different Effects In Normal
epithelial interactions) versus Cancer Stem Cells ?
Fractionated
Radiotherapy
+/- Targeted
Agent
Radiosensitization Radioprotection
Strategies In Strategies In
Cancer Initiating Cells Normal Stem Cells
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Modern Prostate Radiotherapy

Current pre-clinical approaches utilizing molecular targets based on
initial clinicopathologic studies meeting with success

— Next generation studies with agents that inhibit EGFR, HDAC, hypoxia,
VEGF, proteasome and DNA repair

— Note-multiple targets may be needed, rather than just one

Important to understand tissue specificity of molecular pathways and
derive toxicity profiles within partially irradiated organs at risk in the
IMRT-conformal era

— What is the therapeutic ratio ?
— What about dose-escalation and hypo-fractionation ?
— What is the specific clinical question ?

Need to track invasively (serial biopsies) or non-invasively (PET, MRI,
gene expression imaging) whether drugs are working

Importantly, we need better pre-clinical models (cell lines are poor)
especially for work on rare stem cells

— Primary prostate xenograft program starting at PMH
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