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Never take a pill that has
more side effects than you
have symptoms!
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The Economics of Reproducibility in Preclinical Research, PLOS 2015
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Not applicable
2
(3%)

I line with
published data
14
[21%)

Maindata sot
reproducible
]

(7%)

Some results
reproducible
3
{5%])

Inconsistencies
43
(64%)

Prinz et al, Nature Review Drug Discovery 2011
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Efficacy
51%

Safety
19%

Prinz et al, Nature Review Drug Discovery 2011







NCI MATCH umbrella clinical trial platform - SAL

NATIONAL CANCER INSTITUTE
NCI-MATCH CLINICAL TRIAL

THIS PRECISION MEDICINE TRIAL ~ ©  NCI-MATCH*
EXPLORES TREATING PATIENTS t

BASED ON THE MOLECULAR
PROFILES OF THEIR TUMORS

FOR ADULTS WITH:

ABOUT 5,000
CANCER PATIENTS
WILL BE
SCREENED WITH A
TUMOR BIOPSY

THE BIOPSIED ;c'lét
w TUMORTISSUE F
WILLUNDERGD ~— veme’
GENE
SEQUENCING <.

IF A PATIENT'S TUMOR HAS A GENETIC ABNORMALITY THAT MATCHES ONE TARGETED BY A DRUG
USED IN THE TRIAL, THE PATIENT WILL BE ELIGIBLE TO JOIN THE TREATMENT PORTION OF NCI-MATCH

HOT ALL PATIENTS WILL
HAVE TUMORS WITH AN
ABNORMALITY THAT
MATCHES A DRUG BEING
TESTED

PATIENTS WITH TUMORS
THAT SHARE THE SAME
GENETIC ABNORMALITY,
REGARDLESS OF TUMOR
TYPE, WILL RECEIVE THE
DRUG THAT TARGETS
THAT ABRORMALITY

www.cancer.gov/nci-match

Arm Target Drug(s)
A EGFR mut Afatinib
B HER2 mut Afatinib
C1 MET amp Crizotinib
C2 MET ex 14 sk Crizotinib
E EGFR T790M AZD9291
F ALK transloc Crizotinib
G ROS1 transloc Crizotinib
H BRAF V600 Dabrafenib+trametinib
I PIK3CA mut Taselisib
N PTEN mut GSK2636771
P PTEN loss GSK2636771
Q HER 2 amp TDM-1
R BRAF nonV600 Trametinib
S1 NF1 mut Trametinib
S2 GNAQ/GNA11 Trametinib
T SMO/PTCH1 Vismodegib
U NF2 loss Defactinib
Vv cKIT mut Sunitinib
W FGFR1/2/3 AZD 4547
X DDR2 mut Dasatinib
Y AKT1 mut AZD 5363
Z1A NRAS mut Binimetinib
Z1B CCND1,2,3 amp Palbociclib
Z1D dMMR Nivolumab
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NATIONAL CANCER INSTITUTE
NCI-MATCH CLINICAL TRIAL

I h a S e 1 THIS PRECISION MEDICINE TRIAL ~ ©  NCI- MATCH' IS FDR ADULTS WITH:

EXPLORES TREATING PATIENTS solid tumors o rare tumors| ard
BASED ON THE MOLECULAR : ; i
PROFILES OF THEIR TUMORS

ABOUT 5,000
CANCER PATIENTS
WILL BE
SCREENED WITH A
TUMOR BIOPSY

I h a s e 2 THE BIOPSIED
TUMOR TISSUE
WiLl UNDERGO

IF & PATIENT'S TUMOR HAS A GENETIC ABNDRMALITY THAT MATCHES ONE TARGETED BY A DRUG
USED IN THE TRIAL, THE PATIENT WILL BE EllEiBLE T0 JOIN THE TREATMENT PORTION OF NCI-MATCH

Phase 3 advanced ;5. @\
&
ﬂ

NOT ALL PATIENTS WILL
HAVE TUMORS WITH AN
ABNORMALITY THAT

MATCHES A DRUG BEING

Are they same TeSTD
d isea Se? PATIENTS WITH TUMORS

THAT SHARE THE SAME
GENETIC ABNORMALITY, ﬂ m

REGARDLESS OF TUMOR
TYPE, WILL RECEIVE THE
DRUG THAT TARGETS

Phase 3 adjuvant

www.cancer.gov/nci-match

NCI Eomioend
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— Traswzumab + Chemaotharapy in = 176)
— Chamatheropy Alona (n = 168)

Chemo+Trastuzumab

HR=0.45, 2P=1x10"°

70 80
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N Events

.72 Chemo 872 171
Chemo+T 864 83
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cetuximab (EGFR 21X 24

2/37| CH
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Progression-free survival estimate
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mPFS FOLFIRE: 8.7 months

— Cetuximab + FOLFIRI
—— FOLARI
‘\\X‘v\
1-year PFS rate
425_%:43%

KRAS wild-type (n=348) HR=0.68; p=0.017
mPFS Cetuximab + FOLFIRI: 9.9 months
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Cetuximab prolongs PFS for wild-KRAS colon cancer patients

Results from N0147 adjuvant trial for wild-KRAS Colon Cancer

endpoint FOLFOX FOLFOX + P value
(N=858) Cetuximab
(N=902)
3-year DFS 74.1% 73.3% .33
3-year OS 87.3% 82.1% .06
On-study mortality 0.58 1.44 .07




Response of micro-metastatic
cells in adjuvant setting

—

Response of bulk tumor in
advanced disease setting
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= 5t A 24 25
2l =2 %A= SItEE | HE8 |SINRE | dEs [ SNRsE | dEE | SNFRs | HES
pEQ 43.8 89.0 30.9 72.7 16.3 19.7 9.0 54.0
1 ZHARM 43 100.6 49.6 100.4 0.7 71.8 6.8 99.2
2 2| 58.8 95.5 23.6 59 11.3 5.8 6.3 44.3
3 WpS; 38.2 95.3 40.6 80.4 14.7 19 6.5 59.8
4 | 19.4 58.2 26.7 31.8 44.1 5.4 9.8 16.6
5 o4} 56.6 97.9 34.8 90.2 4.8 36.8 3.8 83.1
6 7t 45.5 51.6 24.7 17.6 15.7 2.8 14.1 23.4
7 MM 56.8 100.6 21.8 95.7 9 38.6 12.4 87.6
8 HE 10.6 29.7 31.6 13.6 45.6 1.7 12.2 10.4
9 Chot 9l J|EfEtE 24.4 51.3 40 34.6 24 2.5 11.6 18.6
10 H|S X7l 2la= 40.2 80.7 13.4 68.5 33.7 53.5 12.7 68.1
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pEQ 89.0 72.7 16.3 19.7 9.0 54.0
1 ZHARM 100.6 100.4 0.7 71.8 6.8 99.2
2 2| 95.5 59 11.3 5.8 6.3 443
3 Y& 95.3 80.4 14.7 19 6.5 59.8
4 | 58.2 31.8 44.1 5.4 9.8 16.6
5 o} 97.9 90.2 4.3 36.8 3.8 83.1
6 7t 51.6 17.6 15.7 2.8 14.1 23.4
7 M2lM 100.6 95.7 9 38.6 12.4 87.6
8 I 29.7 13.6 45.6 1.7 12.2 10.4
9 ChLt Ol J|EfEFE 51.3 34.6 24 2.5 11.6 18.6
10 H|S X7l 2la= 80.7 68.5 33.7 53.5 12.7 68.1
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(genome forward trial)
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(Road Map Based Precision Oncology)
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(Wirapati et al, Breast Cancer Res 2009)

Gene expression based prognostic algorithm

Chemothera
14 /. Py
.E. .
051 |8 3 .
Expression 1. ;: 4 major subtypes of breast cancer
level of od | = %— e HER2+
proliferation \_s % * ER-/HER2-
module L] * ER+/HER2-/high proliferation
0.5- * ER+/HER2-/low proliferation
. -
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P Value

.001
.95
.27
.96
.32
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100
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.D 1 1 1 1 1 | 0
0 20 40 &0 80 100 120 0 50 100 160 200
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100} CH=tot EMT Cl&E e -2t L (Song et al, JAMA Onc 2016)
90 |
8ol Figure 4. Exploratory Analyses: Forest Plot of Treatment Benefit for Subtypes Identified by Different Classifiers
T, for C-07 Participants With Stage Ill Disease
701
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sol P<0.0001 oxaliplatin plus | Favors
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40 N # Events Classifiers Subtypes Patients HR (95% Cl) leucovorin ; plus leucovorin
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 RNA sequencing (46 colorectal cancer cells)
o Clustering with EMT gene signature (Euclidean / Pearson correlation)
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MAP2K1 NRAS
AKT1 ROS1 fusions

PIK3CA [KIF5B-RET]
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Potti et al, Nature Medicine 2006
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NSABP C-07
Kuebler et al, JCO 2007

Small but significant benefit from oxaliplatin

No subset that did not benefit

100 —\

=== FLOX (1,200 patients, 308 events, 25.7%)
FULV {1,207 patients, 369 events, 30.6%)

0
]
|

[=2]
(=]
l

=Y
(=]
l

]
[a=]

Hazard ratio® 0.80, 95% CI (0.69 to 0.93), P* = .0034
* Stratified for positive nodes (0, 1-2, = 4)

Disease-Free Survival (%)

0 1 2 3 4
Time After Random Assignment (years)

Mo. at risk
FLOX
FULV

675
638

1,082
1,079

966
9

Prognostic Factor Hazard Ratio (95% Cl)

Overall —_— i
Age { < 65 years —_—
> 65 years b —
Positive nodes [0 t *
1-3 : :

>4 : |

05 0.75 1 1.25 15
FLOX Better FULV Better




A 1700F CHA Y 2t X2 S =2 L+ discovery cohortOf A

Oz 0= 78x 2=
L4 X| validation cohort 0| A AZS st A1}

(NSABP C-07 Gavin et al, JCO 2015 and Song et al, JAMA Oncology 2016)
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Neguw oS /g8t E=2
L}H X| validation cohort Q| A AZS s 41t
(NSABP C-07 Gavin et al, JCO 2015 and Song et al, JAMA Oncology 2016)
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Do these really differ?

Ip B

© ©  Initial study cohort
O @ Subgroup A
O | @ Subgrol
Relative Risk 0.5 1.0

for treatment

e Subgroup B looks like no benefit, Subgroup A has significant benefit
e How do we know that true effect in each group is not 0.75?



Ny does interaction test require 4x sample size?

@ @ Entire cohort
O O Subgroup A
O @ Subgroup B
Relative Risk 0.5 1.0

Sample size = initial sample size x 2 (two subgroups) x 2
(not enough for Cl to exclude 1, Cls of each subgroups
must exclude each other)

Paterson and George, Control Clin Trials 1993



Sample size required for interaction test
(to provide 90% power, assumed 50% prevalence of marker)

Hazard Ratio Sarrrple size: S.ample s.ize:
main effect interaction

1.4 371 1488

1.6 191 764

1.8 122 488

2.0 38 352
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High false positive
rate of Omics studies

v

IOM guideline for
Molecular Cancer
Diagnostics, 2012
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(Flsher et al, Lancet 2004)

NSABP B-14 NSABP B-20
100 . 100
| + chemo-89%
-__Tamoxifen - 78%
80 = - 80
Tamoxifen-79%
g Placebo - 65%
o = -l- E e
. DE SX0| K| 2 S SO
— -~ | -
: 80%2HXI= JQAUX| 2 THs A
40 -
Events Events
_ Pla{:ebq 455 Tamoxifen 144
- — Tamoxifen 292 weie CMET /7
HR 0-58 (95% C1 0-50-0-67) = HR 0-52 (95% C1 0-39-0-68)
0 : T T 1 | 0 T I
Number at risk atrisk
Placebo 1413 1144 958 819 705 484 Tamoxifen 770 663 G571 203
Tamoxifen 1404 1245 1085 958 824 581  CMFT 766 697 604 203



80

NSABP B-20
| + chemo-89%

Tamoxifen-79%

D= X0l XN =E st

RFS (%)

20

80% &A= W Xl= Jisd

Events
— Tamoxifen 144
— CMFT 77

HR 0-52 (95% €1 0-39-0.68)

Number at risk

Tamoxifen 770
CMFT 766

663 571 203
697 604 203

n [ ]
E ol (circa 2000
ﬂ d
E2X = 2 E njg
»[ shork| 2
Clinical guidelines
Category NCCN St Gallen
% of pts DRFS10 % of pts DRFS10
Low 7.9 0.93 7.9 0.95
Intermediate - - 33.2 0.91
High 92.1 0.85 58.8 0.81




3ot X| 2 b= OncotypeDx ZIARA| 317 0|4} HXj0j| 2t LiE}L
(Paik et al, NEJM 2004 & Paik et al, JCO 2006)
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200488 FA| 3 A = 70| ECH2

Category NCCN St Gallen OncotypeDx
% of pts | DRFSuwo % of pts DRFS1o % of pts DRFS1o
Low
(ShoHK| 2 7.9 0.93 7.9 0.95 50.0 0.93
o)
Intermediate - - 33.2 0.91 22.3 0.86
High 92.1 0.85 58.8 0.81 27.1 0.69
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OncotypeDx 7} & 1}H
(Paik et al, NEJM 2004)

Clinical Credentialiing based on
clinical trial results

Candidate gene selection
(microarray data + literature)

Develop QRT-PCR for individual
genes with gene specific primers

Discovery cohort
(tamoxifen arm of B-20)

Commit to a single prognostic
model with defined cut-point

Validation Cohort
(tamoxifen arm of B-14)
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OncotypeDx |5 MEMAS S 9|3t 2 Ch7| 2 LA H

Schema: TAILORX

Node-Neg, ER-Pos Breast Cancer ‘

Oncotype DX® Assay

RS 11-25
Randomize
Hormone
VS
Chemotherapy +
Hormone

RS >25

RS <10
Chemotherapy
4

Hormone

Hormone
Therapy

Primary study group

To determine whether adjuvant hormonal therapy is not inferior to adjuvant
chemohormonal for patients in the “primary study group”
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NCI National Clinical Trials Network Structure
LEGEMND
Canadian Centralized Functions:
MNetwork s Cantralized Institutional Review Baoard

Group # Cancer Trials Support Lnit

# Imaging and Radiation Oncology Core
{IRCC) Group

* Common Data Management System
Central Hosting

MCTM
Centralized
Functions

30 Lead Academic Parficipating Sites
{LAPE)

@ Operations
£ Stabistics & Data Management
Tissue Banks

Site B Member Sites
Participation



Comparison of Cooperative Group Program Funding and NCTN Program Funding

Reserve Capitation Fund —— Reserve Capitation Fund _

Canadian Collaborating

Canadian Collaborating
Clinical Trials Network

Clinical Trials Metwork

Imaging & Radiation
Oncology Center ——_

Institutional U10s
for Selected
Groups

Imaging & Radiation
Oncology Center
Network Groug

Integrated Translational
Science Awards

Allocation of

FY 2012,/2013 Natwork Lead Allocation of
Cooperative Academic EY 2014

Group Budget: Participating Sites NCTN Budget:
5151 Million 5151 Million

Group Statistics
& Data
Management
Centers

Network Group Statistics &
Data Management Centers

Cooperative Group Network Group
Operations Centers Operations Centers
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‘Front Door (FD)’ NCTN Biospecimen

Request Process
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