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Tl e 1.

Clinical Trial Designs for Early Drug
Development:
Implications for Design with Targeted Agents

John Crowley
President and CEO of Cancer Research And Biostatistics (CRAB)

Short Biography

Short Biography

John Crowley, PhD, brings four decades of experience in Biostatistics to his role as President
and CEO of Cancer Research And Biostatistics (CRAB). Dr. Crowley is the Director of the
Statistical Center for the SWOG, co-located at CRAB and the Fred Hutchinson Cancer
Research Center. Building on that expertise, under Dr. Crowley’ s lead CRAB also serves as
the Statistical Center for the Myeloma Institute for Research and Therapy at the University of
Arkansas for Medical Sciences, the Stand Up to Cancer Pancreatic dream team; CRAB also
works intimately with the Pancreatic Cancer Research Team, the International Association
for the Study of Lung Cancer, the International Myeloma Foundation and Sarcoma Alliance
Research Through Collaboration.

To serve these groups, Dr. Crowley oversees the study design, protocol development, data
management, quality control, data analysis, and statistical research of more than 130 active
multi-site clinical cancer trials. Dr. Crowley manages a staff of 85 high-level statisticians,
data coordinators application developers and other professionals dedicated to conquering
cancer through large-scale clinical trials.

Dr. Crowley's own research interests focus on the design and analysis of cancer clinical
and translation trials. His more recent research focuses on analytical methods for utilizing
microarray data to determine predictive and prognostic groups; the design of targeted
therapy trials; and methods for describing staging systems for lung cancer and myeloma. His
longstanding interest in developing exploratory tools for survival data has produced widely
used statistical applications in these areas. Dr. Crowley also educates cancer clinicians and
biostatisticians here and abroad in the principles and pitfalls of cancer clinical trials.

Since Dr. Crowley's research career began in 1974, he has had numerous significant
accomplishments. He served as Head of the Biostatistics Program at the Fred Hutchinson
Cancer Research Center from 1983 until 1993, during which time he was honored with a
Mortimer Spiegelman Award, given every year by the American Public Health Association
to an outstanding young biostatistician. Dr. Crowley's credentials also include prestigious
fellowships from the American Statistical Association and the American Association for the
Advancement of Science. To date he has authored over 350 professional papers and books.

Dr. Crowley received his master’ s and doctorate degrees (in 1970 and 1973, respectively)
in Biomathematics from the University of Washington. He served as a Postdoctoral Fellow
at Stanford University and then moved on to an Assistant Professorship in 1974, followed
by an Associate Professorship in 1979, at the University of Wisconsin Departments of
Human Oncology and Statistics. In 1982 Dr. Crowley accepted an appointment as Associate
Member at the Fred Hutchinson Cancer Research Center (FHCRC) along with an Associate
Professorship in Biostatistics at the University of Washington. He was subsequently promoted
to Full Professor at the University and Full Member at FHCRC in 1984. His academic base
is now at CRAB, and he holds a joint appointment at the Full Member level at FHCRC.
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Summary

Clinical Trial Designs for Early Drug Development: Implications for Design with
Targeted Agents

John Crowley

The emergence of agents that attack targets and pathways that are more specific
to cancer cells, as opposed to traditional cytotoxic agents that kill dividing cells,
holds great promise for the cure of many cancers. At the same time this
development calls for a rethinking of how we design cancer clinical trials.

The traditional paradigm for phase | trials in oncology relies on the assumption
that both toxicity and efficacy increase monotonically with increasing dose. With
newer targeted agents this may no longer be true, and traditional designs may
result in underestimation of the best dose, or even a good dose. We recommend
that phase | trials be supplemented with additional exploration of several dose
levels, above and below the traditional maximum tolerated dose (MTD), and
demonstrate that this results in better decisions about the dose to move forward
in phase Il trials than does the usual expansion of a cohort at the MTD.

Traditional approaches to drug development in phase |l oncology trials include
lumping patients with different tumor genetics in one trial and ignoring the
heterogeneity, or doing separate phase Il trials in multiple genetic subsets. We
recommend doing a single trial in such cases, but with a design and analysis
strategy which recognizes the heterogeneity by imposing some structure on the
problem. We demonstrate that this approach arrives at more correct efficacy
decisions with fewer patients than doing a single unstructured trial, or doing
separate trials.

For randomized comparative trials with targeted agents, several classes of designs
are possible, including the traditional all comers design, an enrichment design
involving only patients expressing a marker for the target, or a strategy design in
which a standard therapy is compared to a strategy of assigning patients based on
marker levels. We compare the properties of these designs under various
assumptions on the relationship of marker level to treatment effect, and make
recommendations on when to use which class of design.
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Clinical Trial Designs for Early Drug
Development: Implications for

Design with Targeted Agents

Jehn Crowley

BRED.

Ecdeferay Carane Hewnarf R braal Trak

Targeted Agents

+ Cytotoxics
« Target Dividing Cells
+ Targeted Agents (Cytostatic?)
* More Selective Targets
= Collateral Damage (Toxicity)
- Collateral Benefit (Unplanned Targets)

Targeted Therapies: What is Different
in Phase |7
Mechanism of action is not straightforward
Unknown dose-efficacy curves
- Monolone non decreasing
= Quadratic
—  Increasing with a plateau
+«  Dose-toxicity relation may not be monotonic
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Finding a Good Dose for Cytostatic
Agents Based on Phase I/ll Trial

4 Use a traditional Phase | trial design (such as 3+3 or
CRM) to u:leterrnlne MTD
& v:l.rucal oS pansnpm hands-on in th | trits and
comionable with (hese type de
-:-Clnmns nmhmnnﬁwapmtrnrlnn firsl ewen
i the agen?u' pf:vsa.modrubba txic. ety
4 Test 2 or 3 different dose levels (MTD and dose level
immediately below or above) in a Phase |l selection
dasign.
< Gain infprmaticn on efficacy and toxicity on a lurgnrmn =15
patiants]. 3 o & patients is often oo small a sampla size o
datermine afficacy and toxicity of a dose.
-ﬂrF'ar.lam mmnufthlumullmlamw
n Bllows for a mone mnﬂrﬂ pabsani lalnﬂ

rurlmth Eauant
tym[fnrwhlcmmagm na-dlntmge‘l,]lnlhaPﬂmll

Phase Il Trials with Multiple
Subgroups

+ Due to patient or tumor heterogeneity,
patients within a traditional Phase |l study
may not respond equally to a new treatment

+ Potential subgroups of patients include
different histologies or genetically defined
subgroups

Single Study versus Multiple Subnroup Phase Il Studies

®oo

Twwa Subreos Tpecfa Medan

Twn Classas of Multi-Sirata Phasa || Stedies

®6

e Ao by Vg Loy Sty
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Basic Idea: Extend Simple Two
Stage Phase

Consider each subgroup and stop if
insufficient activity in that subgroup
Also stop the entire study if minimal overall
activity
Target alternative response rate will be larger
for a given subgroup than the overall study
Look at data after every 5-10 patients for the

entire study, after some minimum subgroup
sizes have been met

Priase B Toaal ind Subigioup Aldreal

LI » ol £ e

CQluestions to be addressed for
Targeted Agents in Ph Ill Clinical Trials

Should all patients of a partioular lumor Bype be inealed with a trgeted
agent o should anly those patients who ane positive for the taget (or
marker] be o treabed?
# Torgebed agents con havve collabem] beseli.
o Eg Thers b evdence that Trastusurab has some oflec on Hee-2 negatihm
broan! camcer patants.
& E g ieatrad, developnd 15 Lisgel CHL 0o deilioys luffer cells thal be c-uil
pemsitivn (G stromal emers)

|5 thare @ (goaned:) subgroup whans such ieatmants are afacti (0F Mo
affactive) and how should sludy design b medfiod where TeasibleT

What is thiy mos] Approprate inal design o validabs tumor markers.
and bo dalarming the subgroup of palianis wilh good progrogis and
the group of pationts mos! Bkely b Donedt Bom & naw tharapy?
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chemotherapy in invasive bladder cancer. Clinical Cancer Research 2006;12:139-143.
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Personalized Medicine  Surrogate Endpoints
(Classification) (Correlation)

Clinical and surrogate endpoint

Clin nd t

Examples of biomarker/SE

Tharagssu
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Roles of SE in clinical development
+ Primary role

— To screan ising infery
tria

— Siatistical validation of SE

Statistical approaches for validating SE

ta-analy's
- B (B

Retrospective evaluation
using data from multiple randomized clinical thals

Trnsguing, D geniids, Progeais

Evalustion for Ssrrogacy of End Poirts by Using Data from
O tional Stichion Tumer Doramslagreg for Evsluataesy
vt Chematharsgy in rcasim Bladder Cancer

NAC group, =1

non-HALC group, nedis
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Tumor downstaging effect

Good Intermediate Poor

149 24 4.3 1.1
{0.9-4.9) (09-61) (1.8-103) [4.2-205)

1.5 2.2 4.6 53 5.3
(06-36) (08-55) (2287) (26107} (2.5-11.6)

Conditional independency

Hazard Ratios

Conclusions

* Primary role of surrogate endpoints is to
screen promising interventions

« Data from observational studies are useful
for evaluating potential surrogate
endpoints

= Any interventions should be evaluated
using clinical endpoints based on patients
benefits
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Current Status and Future Scope of
CDISC standards

Rebecca D. Kush

President and CEO of the Clinical Data Interchange Standards
Consortium (CDISC)

Short Biography

Rebecca Daniels Kush, Ph.D. is Founder, President and CEO of the Clinical Data Interchange
Standards Consortium (CDISC), a non-profit standards developing organization (SDO) with a
mission to develop and support global, platform-independent standards that enable information
system interoperability to improve medical research and related areas of healthcare and a
vision of ‘Informing patient care and safety through higher quality medical research” .

Dr. Kush has over 25 years of experience in the area of clinical research, including positions
with the U.S. National Institutes of Health, academia, a global CRO and biopharmaceutical
companies in the U.S. and Japan. She earned her doctorate in Physiology and Pharmacology
from the University of California San Diego (UCSD) School of Medicine. She is lead
author on the book: eClinical Trials: Planning and Implementation and has authored
numerous publications for journals including New England Journal of Medicine and Science
Translational Medicine. She has developed a Prescription Education Program for elementary
and middle schools and was named in PharmaVoice in 2008 as one of the 100 most
inspiring individuals in the life-sciences industry.

Dr. Kush has served on the Board of Directors for the U.S. Health Information Technology
Standards Panel (HITSP), Drug Information Association (DIA) and currently Health Level 7
(HL7) and was a member of the advisory committee for the WHO International Clinical Trials
Registry Platform. In 2010, Dr. Kush served on the appointed Planning Committee for the
HHS/ONC-sponsored Workshop Series on the “Digital Infrastructure for the Learning Health
System” for the National Academy of Sciences Institute of Medicine and was also requested
to provide expert input to the President’ s Council of Advisors on Science and Technology
(PCAST) for their Report to the President “Realizing the Full Potential of Health Information
Technology to Improve Healthcare for Americans: The Path Forward” . She is a member
of the Board of Scientific Advisors caBIG Oversight Ad Hoc Subcommittee for the National
Cancer Institute and was recently invited to represent research as an appointed member of
the U.S. Health Information Technology (HIT) Standards Committee.
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Summary

CDISC is a global, multidisciplinary standards developing organization (SDO) with a vision tfo inform
patient care and safety through higher quality medical research. Initiated in 1997, CDISC has now
developed a full suite of standards to facilitate research from protocol development through analysis
and reporting. The CDISC mission is to develop and support global, platform-independent data
standards that enable information system interoperability to improve medical research and related
areas of healthcare.

The positive benefits of the CDISC standards (to increase quality and decrease time and cost)
are the greatest when the standards are implemented from the beginning of the clinical research
process. The current suite focuses on information that is common across all research studies;
however, development on standards focused on particular therapeutic areas and other special areas
(e.g. devices, imaging, pharmacogenomics) is ongoing and is a strategic aim of CDISC for the future.
There are four additional CDISC strategic aims for 2012-2015. This presentation will cover the
CDISC approach and current status; the strategic aims of CDISC; and, the mechanisms around key
CDISC collaborations, including but not limited to those with regulatory authorities, the Innovative
Medicines Initiative, the Critical Path Institute, government agencies and academic institutions.
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Role of Academia in Japan

Current Status and Future Scope of CDISC

Rebecca D, Kush, PhD
Prasident and CEQ, COISC

Strength

O DI o ———————————————

Infarmition from healthoare
(privarte, aogredqated)
Healtheare g i Research
= puality healtbears siscenvery of new theraples
Understamiing Jeeases

Infermed decisions
*Personalized medicine
*Patient safety and privacy
Pubilic bealth

shuspnsing efficacy
shondlnring salely
=Puldic health gaslity

slmpmonved theraples evaluations

eFdhelencies reduenl] costs =Understanding responses
{genomics, hiomarkers)
“Testing/comparing thempies
(CER}

Research findings sPost-marketing surveillance

o infore
fealthoare
ilprisions

@ o

136




CDISC Global Standards for Protocol-Driven Research

Semantics

Tha XML Transpon - ODW

Tharapeutic Area Standards

.rm
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Gartner-PhRMA-CDISC: Business Case

+ Bummary

= Using CDISC standards can
[ save significant time and cost,
T espacially when implemanied in
. e early sieges of tha study

* Dppomumilies for an sddtional

impact on clinical research
! i + Increaso data quality
« Enable data intogration;

enhance re-usability
« Facililate data exchango with
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Resource (Time and Cost) Savings - Enabila aalware toals
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+ Facilitate regulaicry reviews.
and audits
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CDISC Strategy to Delivery/Services
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CDISC Strategic Aims 2012-2015

= Achéave significant progress in the use of COISC standands o allow
scaantifically sound data aggregation and suppon sacondany uses
of research data for the purposes of sclentific investigation and
comparative effactiveness.

« Achiave signiicant progress in enabling interoperability between
clinical care and clinical research, and exploe axpansion Trom
bench Lo bedside (Iranslalional research); accelerale the cyche
Ihrough which healthcare informs research and ressarch informs
climical decisions.

+ Expditis the devalopment and roliout of new therapeutic-area or
specialty standards, while continuing to refine, support and
educate on existingfoundational standards, to ensure
consislency in data caplure and analysis related to efficacy in
addition to patient safaty,

.CD'SC I EEEEEEE—————

CDISC Strategic Aims 2012-2015

+ Develop CDISC SHARE (Shared Health And Research Elecironic
Libeary), a global, accessible, electronic library for COISC
content'semantics that will enable precise and standardized data
elemant definitions and richer metadata thal can be reused within
applications and across studies 1o improve biomedical research
ard its link with healthcare.

+ Leverage our giobal, nonprofit, vendor neutrald, indepandant stalus
to forge productive collaborations with and provide value to key

stakeholder communities.

The CINEC rreission (= fo dievelop and support global, plotform-independent
data standards Beat enable information sgefem inferopenmhility fo émprooe
medical rescarch and refoted areas of beallboore

.CDM - _____________________________________________|

Cualty Imgerovement Enati

CDISC is more than
Spaed Standards!
Process Redesign
‘Workflow Imtegration

Rescurce Savings Standards-inspired Innovation

oo
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CDISC Activities in TRI

Mz

fer Bi and
Translationyl Research Informatics Center
Takake Jyono

What's your impression of CDISC?

= CDISC is not necessary if we don't
submit to FDA.

-We can exchange CRF data for SDTM
format at the moment of submitting.

+CDISC is only the structure of database.

® TRI CDISC Activities

-CDASH approach
«SDTM approach

*TRI CDISC Implementation Guide

*TRI CDISC Variables Administration table

*CRF Development Guide
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7% The background of eClinical
Base(ECB) development

*We have accumulated experience of EDC
(We have set up 43 EDC studies)

*We felt much stress at setting other EDCs
*Cost-cut

= We need EDC which is suitable for
standardization

Good point of eClinical Base (ECB)
*TRI have completed CSV

=Setting up is very simple and easy

=All managed by TRI

*TRI plan to extend functions furthermore
*EDC made by the Japanese user(TRI)

* standardize tool .

7% Streamline clinical study model

ET
Pratocal
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v p— EDC satting e EOTM
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? o
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Tech. DM (Eport)
EDC setming 1
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TRI Development Plan
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e Clinical Base

2013
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