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Clinical and Translational Science
Awards (CTSA) Program

National Institutes of Health (NIH) program
Launched in 2006
A national consortium of 64 institutions

Mission: to develop innovative solutions that will improve
the efficiency, quality and impact of the process for turning
observation in the laboratory, clinic and community into
Interventions that improve the health of individuals and the
public
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Tufts CTSI's Mission & Purpose

Established in 2008 to translate research into better health

o Stimulate and expedite innovative
clinical and translational research,
with the goal of improving the
public’s health

Tufts CTS| o -

e Entire spectrum of clinical and
translational research is critical to
meeting the promise and the
public’s needs of biomedical
science
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39 Tufts CTSI Partners

13 Tufts Schools & Centers

Cummings School of Veterinary Medicine
Fletcher School of Law & Diplomacy
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Eli Lilly and Company

Institute for Systems Biology and
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Minuteman Health Network
Pfizer, Inc.
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Partners
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Development (ABCD)

Asian Community
Development Corporation
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Asian Women for Health
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Center for Information and
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How Can CTSI Help?

e Connections with other researchers, industry, the
community, and policy-makers across the Tufts CTSI
network and national CTSA consortium via our
Navigators & Research Collaboration team.

« Consultations on comparative effectiveness, one health,
research process improvement and stakeholder and
community engagement projects and grants, as well as
regulatory issues and other areas of translation.

o Study design and data analysis (pre- and post-award)
through the Biostatistics, Epidemiology, and Research
Design (BERD) Center, including drop-in sessions.
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How Can CTSI Help?

24/7 clinical trial support through our Clinical and
Translational Research Center (CTRC).

Informatics tools for electronic data capture (REDCap),
resource sharing, and collaboration.

Training & professional development including MS and PhD
degrees, certificate programs, seminars & workshops, and
paid career development awards and fellowships.

Funding through one-year interdisciplinary pilot studies
grants that support the initial stages of research.
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How to Request
Tufts CTSI Services

o Visit www. tuftsct3| org and submlt arequest
Tufts CTSI = - s =
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http://ilearn.tuftsctsi.org/

Live seminars are recorded for our | LEARN site.
Seminar videos can be viewed at any time, and are free!

Tufts CTSI unelational Science Institute
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CTSI Happenings

 Weekly e-newsletter with
news, professional
development and funding
opportunities, resources,
and success stories.

e |Issued every Monday at
8AM

e Sign up on our website or at
http://eepurl.com/C4d9X
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For more mformatlon WWW. tuftsct5| org
Tufts CTSI

Accaterating translation
of research imto clinical
use, medical practice, and
health impact

g
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The Clinical Trial Protocol

How to develop a protocol including all the critical
elements

Andreas Klein, MD

Director, Hematologic Malignancies Program

Assistant Director, Bone Marrow and Hematopoietic
Cell Transplant Program

Chair, Tufts Health Sciences Campus Institutional
Review Boards

Associate Professor, Tufts University School of
Medicine
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In your packets

Agenda

Evaluation

Print out of slides

Example protocol contents and objectives
Example protocol template (Tufts IRB)
Example protocol Table of Contents (CTEP)
Series Pre-Work (on | LEARN)
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Introduction

 General aspects of protocol development
« Components
 Tools
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Research vs Clinical Practice

 Research

— Definition
e Clinical Practice

— Treatment plans

— Standard operating procedureS
 Research vs “Treatment”

— Treatment implies a potential for beneficial outcome
— Therapeutic misconception in research
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Patients vs. Subjects

o Patients
— clinical care managed according to physician best judgement

e Subjects
— voluntary participants in clinical trial
— managed according to defined plan

Tufts CTSI



What is a Protocol

 Formal description of the
planned work

e Guide to follow explicitly

— Work out every detall before
hand

— Anticipate every reasonable
contingency

 Anyone should be able to pick
up protocol and know what to
do
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What Kind of Research Requires a
Protocol?

 ALL research needs a plan

— Research = systematic investigation designed to develop
generalizable knowledge (45 CFR 46.101)

* All research involving human subjects needs a protocol
— Abbreviated protocols may be ok for some research

— The greater the complexity or risk, the more defined the
procedures need to be
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What is a Protocol Not

* Not absolute: subject safety ALWAYS comes first

 Not malleable

— Revisions require careful consideration
— E9704

« Not open to interpretation
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Protocol Review Responsibilities

Disease Groups
— General enthusiasm of colleagues
— Commitment from co-investigators

Resources & priorities
— PRMC

Scientific
— SRC, delegated from IRB

Ethical
— IRB
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Protocol Review Criteria

Is the plan adequate to address the stated objectives?
Is the selection of participants equitable?
— Language restrictions

Are all reasonable risks minimized?
— Are assessments frequent enough to catch problems in time?
— Is the starting dose reasonably expected to be safe?

Are the expected risks justified by anticipated benefits?
— Answer may depend on phase of study, underlying conditions
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Where Do Protocols Come From?

* Industry, cooperative group, individual investigator
 Recycling
e Online tools (CTEP)
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Birth of a Protocol

7

o Starts with an idea - 4
— Clinical observation re—
— Compelling biological hypothesis
— Promising early phase data \

e Defining objectives

— Demonstrate that Drug X is safe and effective Ao
e Design an intervention to address the objectives
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Elements of a Protocol

Schema .
Introduction

— Rationale °
Statement of Objectives
Eligibility / Subject .
Selection

Treatment Plan .
Study Evaluations .
Dosing Delays / .

Modifications
Safety Monitoring Plan .

Description of study article
/ device

Correlative Studies
Measurement of Effect

Study Oversight /
Administrative Detalls

Statistical Plan
References

Appendix 1: Study
Calendar

Additional Appendices
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Schema

e Qutline in graphical form

— Highlight overall format of the study

e Selection
e Treatment assignment(s)

e Randomization

« Follow up i
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Introduction

 ALL necessary background
— Disease / condition targeted
e Epidemiology
» Natural history / expected outcomes
— Current standard(s) of care
— Description of study article / device / intervention
— Rationale for proposed research
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Statement of Objectives

e Objectives vs. Outcomes
— Objectives — what you want the research to show
— Outcomes — measures you will use to support the objectives
— Example

 Primary vs Secondary
o EXploratory
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Eligibility / Subject Selection

Inclusion — Allergies to study article

— Define population for  Features associated with
limited benefit

— Exclusion for CNS disease

Intervention
e Diagnosis & stage

« Allowed prior therapy (or not) e Features associated with
. Age range interference with study
.« ECOG — Recent prior therapy
- Organ and marrow function ¢ [nclusion of Women and
requirements Minorities
Exclusion — Recruitment plan required for
— From included, define who federally funded research

should not take part

 Features associated with
Increased risk

Risk / Benefit Assessment

Tufts CTSI



Treatment Plan

o Study article administration details
— Dose, Route, Schedule

e Device use Instructions

e Concomitant drugs
— Premeds
— Required supportive care
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Study Evaluations

Assessments required to support Objectives = outcomes
Baseline assessments

On study assessments
— Toxicity

— Response

Follow up assessments

— Duration of response
— Long term / delayed toxicities
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Dosing Delays / Modifications

* Modifications for toxicity
— Toxicity triggers
— Dose reductions
— Delay schedules
— Discontinuation criteria
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Safety Monitoring Plan

e Adverse event definition
— Untoward event or lab abnormality occurring during study
— Severity (AE vs SAE)
— Grade (CTCAE)
— Attribution

« Unanticipated problems (UP)
— Not expected based on condition or known effects of study article
— Possibly or probably related to study participation
— Put(s) others at greater risk than anticipated
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Reporting Procedures

e Local/ Institutional e Other investigators
— IRB — Critical in multi-institutional
. HIPAA Privacy Office studies
* Ad hoc vs scheduled
 Federal
— FDA

* Required for covered
research (IND/IDE)

 Voluntary for non-covered
research

— OHRP
* Required for ALL .

unanticipated or recurring
problems (45 CFR 46.103)
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Description of Study Article or
Device

e Basic information

— Source

— Form

— Storage and preparation instructions
e Can reference official sources

— Investigator brochure — unapproved drug / device
— Package insert — FDA approved

Tufts CTSI



Correlative Studies

e Typically support secondary objectives
— Exploratory biomarkers
— Immunologic assays
— Translational collaborations
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Measurement of Effect

e Qutcomes

— Response criteria definitions
« RECIST
 NCI Working group

« Define time-dependent parameters
— OS, PFS, RFS, TTTF, TTNT

e QOther outcome measures
— How does a lab value translate to a measurement of effect?
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Study Oversight / Administrative
Detalls

Task delegation

Procedures for registering subject
Procedures and timelines for collecting data
Recruitment and retention strategies

Extras
— Tissue banking
— Central data review

Tufts CTSI



Statistical Plan

How will you analyze your data

How do you justify your design

Number of subjects / power calculations

Covered in detail in following sessions 0 ‘A 3
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References

e Literature citations in support of Background
* Links to specific tools / techniques cited in procedures
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Appendix A: Study Calendar

o Lists all planned assessments and dates/timing

e Quick reference to make sure everything done at the right
time

e Must match Study Evaluations section
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Appendix B...

e Protocol specific definitions
— EXxpected standard of care interventions
— Allowable conditioning regimens

 General references
— ECOG scale
— Registration / data submission forms
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Tools and Resources

e CTSI

— BERD (Wednesday am drop-in) and Regulatory Affairs
(consultation)

o Tufts IRB Templates

— http://viceprovost.tufts.edu/HSCIRB/templates/protocol-
templates/

e CTEP

— https://ctep.cancer.gov/protocolDevelopment/default.htm
— Protocol templates for multiple phases of study
— Common Terminology Criteria for Adverse Events (CTCAE)

Tufts CTSI



Pet Peeves

Version control is critical
— Choose a scheme and stick to it
 Embed in file name
* Include “Version date” in header or footer
— Update with each iteration

Only work on one version at a time
Get someone(s) to proofread your protocol

Recycle / Reuse / Borrow
— But don’t make it obvious!
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Final Tips

« Keep it simple
— Don’t try to cure all cancers all at once
— Don’t impose too many measurements / procedures

* You are responsible for non-compliance if you miss
anything...
— Be mindful of the costs and who is going to pay

 Talk to IRB and/or SRC early

— Simple changes in design can have large impacts on regulatory
burden

— Expeditable vs Full Board review

Tufts CTSI



#Seriously?

Yes, you can do it!

Practice makes perfect

Reading lots of protocols helps

Join a protocol review committee (IRB or SRC)

Tufts CTSI



Thank You
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Successfully Collaborating with
Statisticians

Lori Lyn Price, MAS

Assistant Professor
Tufts University School of Medicine

Statistician
BERD Center, Tufts CTSI
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Collaboration

Collaboration is the process of two or more people working
together to realize or achieve something successfully
(Wikipedia).

Objective:

 Know what you can do to make the first meeting and
collaboration more successful

« Understand the roles and responsibilities of collaborative
researchers and statisticians

Tufts CTSI



Overview

Why collaborate with a statistician or epidemiologist
— Single project

— Multiple projects

Preparation for first meeting

First meeting

After first meeting

Tufts CTSI



Collaboration with Statistician
Maximizes Probability of Successful
Study

Design study in a way that will adequately
answer your study questions

Calculate how many participants are needed

Design feasible study aims & hypotheses

Define outcomes

Develop appropriate statistical analysis plan

Tufts CTSI



What Might Happen if You Don'’t
Meet with Statistician Prior to
Starting Study

e Data not collected at correct time points

- Want to compare change in outcome from day 1 to day
5

- Only 25% of participants have data collected at days 1
and 5

- The rest have data collected somewhere between days
3&7

What to do?
Tufts CTSI



When to Meet With Statistician

e As early as possible
Grant—at least 2 months before it is due
IRB protocol—at least 1 month before it is due
Abstract—at least 1 month before it is due

 The closer to the deadline, the less help the statistician
may be able to provide

Tufts CTSI



Prior to 15t Meeting with Statistician

 Meet with research mentor (if applicable) & team to
discuss

— Research questions
— Hypotheses

— Qutcomes

— Risk factors

* Ask research mentor (if applicable) to attend meeting
with statistician

Tufts CTSI



Prior to 15t Meeting with Statistician

 |dentify key articles in literature relevant to your study
- May be used for sample size calculations
- May want to replicate methods

Tufts CTSI



Prior to 15t Meeting with Statistician

e Send statistician the following a few days before 15t
meeting

- Background

- Research aims and hypotheses

- Primary outcomes

- Primary predictor variables/risk factors

Tufts CTSI



Example of What We Would Like to
See

Instead of “I need help with study design”:

« | am implementing a hospital wide intervention and am
unsure whether | need a control arm to answer my
research question.

- If | need a control arm, how should it be selected?

« | can realistically enroll only 20 participants in this study.
Given that constraint, what can | reasonably hope to
conclude about my research gquestion?

Tufts CTSI



Example of What We Would Like to
See

Instead of “I need help with study design”:
« Which of the following definitions of the outcome variable

will answer my research question? | prefer definition A,

but other groups have used definition B. What are the
pros and cons of using each definition?

Tufts CTSI



Example of What We Would Like to
See

Instead of “I need help with an analysis plan”:

e | want to replicate the methods in the attached paper.
Would following the methods in this paper be appropriate
for my research question?

« How do | know which variables | should consider
adjusting for in a multivariable regression analysis?

Tufts CTSI



Statistician’s Role Before First
Meeting

 Read the material you have sent
* Prepare a list of questions she has

 Prepare some suggestions

Tufts CTSI



Discussion

You are meeting with a statistician to discuss a new
research project

What questions will you have for her?

Will you be able to provide a rough draft of research
guestions, hypotheses and outcomes?

- If not, what will you do prior to the meeting to further
develop your ideas?

Tufts CTSI



At First Meeting

* Discuss your research questions and possible study
designs and analyses

- Pros and cons of each

- Budgetary and sample size constraints

- Data management (not necessarily discussed)
- Ask guestions if you don’t understand

 Not unusual to leave meeting with a much modified
research question

Tufts CTSI



At first meeting

« Clarify deadlines and timelines

o Confirm with statistician expectations about
— Fees
— Authorship

— What she will provide to you and what you will provide
to her

Tufts CTSI



After the 15t Meeting

* Generally you will leave with questions that you need to
answer re:

— Sample size calculations
— Definition of variables

— Whether a particular study design or analysis Is
preferred by other members of your research team

Tufts CTSI



After the 15t meeting

 The statistician will also often have a to-do list

— Think/research further about the possibilities for study
design and analysis

— Run sample size calculations
— Draft analysis plan

 There Is iterative communication via email or subsequent
meetings to finalize the details

Tufts CTSI



Communication

Good communication from both parties is key to a
successful collaboration

Both statistician and researcher should be able to explain
key points in lay language

Ask questions throughout process if you don’t understand
anything

Be prepared for the statistician to also ask many
guestions to better understand your research

Tufts CTSI



Take Home Message

Preparation is key to a successful first meeting and
collaboration with a statistician

Both researchers and statisticians have roles and
responsibilities in a successful collaboration effort

Tufts CTSI



Thank You
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Break!
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Weighing the Merits of
Observational and Experimental
Clinical Research

Jessica Paulus, ScD

Assistant Professor of Medicine
Tufts University School of Medicine

Associate Director
Tufts Clinical and Translational Science Program
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Outline and goals

. Evidence based medicine — a definition

. Discuss the strengths and limitations of the major
observational study designs

. Does sunscreen prevent melanoma? — integrating the
evidence across study designs

. Metformin as a treatment strategy for colorectal cancer —
a multipronged approach

Tufts CTSI



Totality of Evidence

?

—  Melanoma

No one study can answer a research question
definitively.

Need to look at the current status of knowledge, I.e.,
the totality of evidence.

Tufts CTSI



Evidence Based Medicine:
A definition

“. . the conscientious, explicit and judicious use of current
best evidence in making decisions about the care of the
Individual patient. It means integrating individual clinical
expertise with the best available external clinical evidence
from systematic research.” (Sackett D, 1996)

Tufts CTSI
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Does sunscreen prevent melanoma?

?

—_—  Melanoma
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i % WORLD HEALTH CRGARIZATION
A INTERNATIONAL AGENCY FOR RESEARCH ON CANCER

AR Wensgraghs on tha Evaluaton of Carcnegenic Rabs te Homane

Volume 55
Solar and Ultraviolet Radiation

Summary of Data Reported and Evaluation

SOLAR AND ULTRAVIOLET RADIATION
Solar radiation (Group 1) <€

Ultraviolet A radiation iGroup 24)

Ultraviolet B radiation (Group 2A)

Ultraviolet C radiation (Group 2A)
Use of suniamps and sunbeds (Group 24)
Exposure o fusrescent lighting (Group 3

Tufts CTSI

Group 1:
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Age-standardized death rates from
Melanoma and other skin cancers by
country (per 100,000 inhabitants)

s o

A

<0.7 { “ ',"'

>7.7 Data from: Death and DALY estimates for 2004 by cause for WHO Member States (Persons, all ages)
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Melanoma of the Skin Incidence Rates*
by State, 2007
an Ecologic study

Incidence

Rates per
100,000

- 8.6 -16.7
- 16.8 - 19.2
- 19.3-22.1

22.2-28.1

*Age-adjusted to the 2000 U.S. standard population.
tSource: U.S. Cancer Statistics Working Group.
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Cancer Facts and Figures 2015
(American Cancer Society)

Prevention: Skin should be protected from intense sun expo-
sure by wearing tightly woven clothing and a wide-brimmed
hat, applying sunscreen that has a sun protection factor {(SPF) of
30 or higher to unprotected skin, seeking shade (especially al
midday, when the sun's rays are strongest), and avoiding sun-
bathing and indoor tanning. Sunglasses should be worn to
protect the skin around the eyes, Children should be especially
protected from the sun because severe sunburns in childhood

Tufts CTSI



Solar Radiation and Skin Cancer

Six lines of evidence:

1. Skin cancer occurs more frequently in residents of areas of
high solar radiation

2. Skin cancer occurs more frequently in sun-sensitive people

3. Skin cancer occurs more frequently in sun-exposed body
sites

4. Skin cancer occurs more frequently in people with a history
of sunburn

5. Skin cancer occurs more frequently in people who have a
benign sun-related skin condition

6. | Skin cancer is reduced by protection of skin against the sun
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sSunscreen Is controversial?

“Sunscam: Think sunscreen protects against cancer? Think again” —Mother
Jones, 1998

The sunscreen and melanoma controversy. —Archives of Dermatology, 1999

Sunscreens as a preventative measure in melanoma: an evidence-based
approach or the precautionary principle? - British J Dermatology, 2009

“Sunscreens and melanoma: an on-going controversy” —Melanoma
Research, 2010

As Summer Nears, Sunscreen Controversy Reignites - CBS News, 2010
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Sunscreen does not meet principles
of evidence-based medicine?

“Applying the principles of evidence-based medicine, there is not the strength of
evidence to use sunscreens as a preventative measure in melanoma as would be
expected before a new drug was introduced as a therapeutic intervention.

And to acquire the evidence... would take a decade or more. Because of this lack of
evidence, It has been argued that the focus of recommendations for melanoma prevention
in public health campaigns should be more emphasized to sun avoidance, shade
and clothing.

On the other hand, the precautionary principle, which states that if an action or policy
might cause severe or irreversible harm to the public, then in the absence of a scientific
consensus that harm would not ensue, the burden of proof falls on those who would
advocate taking the action. In other Words, those who advocate that sunscreens
should not be used as a preventative measure in melanoma because of lack of
evidence for their efficacy must demonstrate this lack of efficacy for their advice to
be followed. Logic would suggest that this demonstration of lack of efficacy would be
difficult as exposure to UV radiation is widely recognised as a risk factor in melanoma and
modern sunscreens attenuate the intensity of solar UV entering the skin, the magnitude of
attenuation depending more on compliance and application technique than technical
performance (i.e. SPF and UVA rating) of the product.”

Tufts CTSI
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Totality of Evidence

Basic Research — lab, animals, mechanism (precision, ?
relevance)

Epidemiologic Studies — direct evidence in humans
(relevance, ? precision)

Observational studies
Case-control
Cohort

Interventional or experimental studies
Randomized clinical trials

Tufts CTSI



Observational vs. Experimental
Studies

1. Observational Studies

Investigator observes the relationship between a risk factor
or treatment and health outcome

v' Case-control, Cohort, Cross-sectional, Ecologic
studies

2. Interventional, or Experimental, Studies

Investigator assigns treatment status for the primary reason
of assessing the scientific question at hand

v Randomized clinical trials

Tufts CTSI



Hierarchy of Study Designs?

Meta—analys;s/Ewdence Synthesis HAPPY
Randomized Controlled Trials @
| |
Cohort studies Case-control studies l
)
Cross-sectional studies MR.
} WORRY

Ecologic studies
}

Case reports
Tufts CTSI



Observational studies of sunscreen use and
risk of melanoma

Tufts CTSI



Prospective Cohort Study

November
2016

(O Sunscreen
user

Melanoma?

‘ Non-user

Basis on which groups are selected at
beginning of study
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Retrospective Cohort Study

November
2016
(O Sunscreen >
user
Melanoma?
‘ Non-user —

Basis on which groups are selected at
beginning of study

Tufts CTSI



Case-Control Study

November
2016
< ‘ Controls:
Used sunscreen? No melanoma
“ O Cases:
Melanoma

l

Basis on which groups are selected at
beginning of study

Tufts CTSI



ARTICLF

Sunscreen Use and the Risk for Melanoma: A Quantitative Review

L & Demme, RS P Lagn: | Searw Preeeen. PROE o M ) Tanliees. BLD

“Originally developed to protect against
sunburn, sunscreen has been assumed to
prevent skin cancer. However, conflicting

reports include claims that sunscreen

Increases risk for melanoma.”

Ann Intern Med. 2003;139:966-978.
Tufts CTSI



Meta-Analysis of 18 Case-Control Studies

Odds Ratio =
odds of melanoma
in sunscreen users
odds of melanoma

In non-users

—

Msf= MTRI



RESTARCH AND PRECTICE

Use of Topical Sunscreens and the Risk of Malignant
Melanoma: A Meta-Analysis of 9067 Patients From
11 Case—Control Studies

| Wactaw Munchineh, W1 VPV and Bnae s LA

Otyectives. This study examined the methodology of epaiemeckogical studies thal sug
ges use of Wpical mnscmen peparations is associated with roreased risk of mailg
nart meHarcma,

hlethods. e pooled Gala from ohseratonal studes using a general varance=based
metsanayiic method thal empiopsd confidenoe: nlerals |prenously descrbed|. The out-
come of mleres] wirs & Ssummany sesative fish (RA) reflecting the rak of melanoma as
pocigted with SUNSCIseN USA RS NONUEE. Sanstiy analyses wem Heinmid sten

bo eapiam any chserved statstical heserogenerty.
r@cmmwmmuwmpbdm-mm

ol 1.01, mdicating no association Bebtwesn sunsoesn use and developmert of maig
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What are some possible explanations for this
surprising finding?
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Conclusions: No association was seen between
melanoma and sunscreen use. Failure to control for
confounding factors may explain previous reports of positive
associations linking melanoma to sunscreen use. In
addition, it may take decades to detect a protective
association between melanoma and use of the newer
formulations of sunscreens.
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Confounding

A confounder is a third variable (one other than the
exposure and the outcome) that creates a spurious
association between the exposure and outcome or can
mask a true relationship that does exist

A “mixing of effects”
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3 Properties of a Confounder

|s associated with the exposure or treatment

Is an independent predictor of the disease or health
outcome

It IS not a consequence of the exposure or treatment

Tufts CTSI



A confounder is a“common cause”
of exposure and outcome

?

Exposure: , Outcome:
Sunscreen Property 3 Melanoma
Property 1
Property 2
Confounder

Tufts CTSI



Higher UV Exposure Linked to
Sunscreen Use

Tufts CTSI
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Sun Sensitivity Linked to Sunscreen
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Positive Confounding

Bias is In the upwards direction

2
Sunscreen ' »Melanoma
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Adjusted for Sun-Sensitivity
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What I1s a Randomized
Clinical Trial?

In a randomized controlled clinical trial:

Participants who are eligible are randomly assigned to

S
ﬁ .ﬁl/ unscreen ,f?
%" Melanoma
\ No »?

SUNScCreen
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Equipoise

To justify random treatment assignment, principle of
equipoise must hold

Must be adequate uncertainty about benefit/risk of
Investigational agent

Equipoise may exist if:
Previous trials were conducted in animals or cell culture

Previous trials were not definitive with respect to benefit and/or risk

Previous trials were conducted in a different population and
application to a new population might be unclear
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RCT design minimizes bias

v RCT's are optimal to detect small to moderate, but
clinically worthwhile, treatment effects because they
can minimize sources of bias through randomization,
blinding, placebos, etc.

v When treatment is assigned by a “coin flip,” and assuming
a large enough sample size, the active and comparison
groups will have an equal distribution of other risk factors.

v Freedom from confounding by all known and unknown
factors
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Why are RCTs free from
confounding bias (if properly
conducted)?
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Randomization as a Tactic to Limit
Confounding Bias

Sunscreen =—————3 Melanoma

Age, sex, socio-economic status, genetics, sun-
sensitivity ...

... And every covariate you hadn’t anticipated or
measured
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An experimental study of sunscreen
and melanoma

WICLURE I3 faEEER 3 JERUARY D JIA

JOURNAL OF CLINICAL ONCOLOGY DRIGINAL REPORT

Reduced Melanoma After Hugul.ar sunscreen Use:
Randomized Tral Follow-Up

Al C Cowemt, Gl M Wi, Valeer Lopan ansl Giooffrer M. Smison
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Randomized Trial Design

v/ 1986: Queensland township residents were randomly
sampled from the electoral roll for a skin cancer prevalence
survey

v 1992: Surveyed were invited to participate in a RCT about
sunscreen
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A (Pragmatic) Trial Design

Sunscreen group (n=812):

v Given a free, unlimited supply of broad-spectrum sunscreen with a sun
protection factor (SPF) of 16

v Asked to apply to head, neck, arms, and hands every morning
v Reapplication advised after heavy sweating, bathing, or long sun exposure
Comparison group (n=809):

v Continued using sunscreen of any SPF at their usual, discretionary
frequency, which included no use

v' Allocation of a placebo sunscreen to the control group was deemed
unethical, given the subtropical location
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v’ Compliance assessed via participant diaries, weighing sunscreen
bottles

v Sunscreen group: 75%

v’ Control group: did not use sunscreen (38%), used 1-2x/week (35%), used it
at non-intervention sites (8%)

v" Dermatologists blinded to treatment assignment examined participants
for melanoma in 1992, 1994, 1996 (scheduled trial completion)

v’ After 1996, participants completed questionnaires about new skin cancers

v' Queensland Cancer Registry

Tufts CTSI



Balanced Baseline Characteristics
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Results
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Results: Kaplan-Meier curve
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Bottom Line

v RCTs are more logistically difficult, more expensive, and
have more issues related to ethical considerations than any
other epidemiologic design strategy

v But if ethically appropriate, and if well designed and
conducted, they provide a level of assurance about the
effect of the intervention itself on the outcome that cannot
be achieved by any other epidemiologic design strategy
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Limitations to the gold standard

1. Limited follow-up
2. Unrepresentative treatments
3. Unrepresentative patients
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Metformin and CRC Survival:
A Multi-Pronged Approach

e Invitro and in vivo studies suggests that metformin may
have anti-cancer activity

 Blood insulin and glucose, cancer cell proliferation and
apoptosis, and cancer stem cell growth

 |magine that to date there have been no human studies

 How would you test the potential anticancer effect of
metformin on CRC survival?
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Hierarchy of Study Designs?

o _ MR.
Meta-analysis/Evidence Synthesis HAPPY

)
Randomized Controlled Trials @
)

Cohort studies Case-control studies l
)
Cross-sectional studies MR.
} WORRY

Ecologic studies
}

Case reports
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Metformin and CRC Survival

 What kind of database do you need?
« Assessment of T2DM status and therapies used
 Ascertainment of CRC and CRC outcomes

o Sufficient numbers of patients with both T2DM and CRC,
and metformin treated vs. untreated

 Rich information on confounding variables (DM severity,
CRC stage and treatment, PS)

e Adequate follow-up time

Tufts CTSI



The Search for a Database: Primary
Data

Primary data is collected by the investigator directly from study
participants to address a specific question or hypothesis

* Prospective observational studies
— Subjects are selected on the basis of specific characteristics, and their
progress is monitored.
* Regqistries
— Registries use an observational study design to collect data and do not

specify treatments or require therapies intended to change patient
outcomes.

— Used for public health surveillance, to generate descriptive statistics
(incidence and mortality rates), risk assessment

 Repurposed trial data or data from completed observational studies
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The Search for a Database:
Secondary Data

Secondary data is data collected for other purposes that can be used to
answer the research question.

 Electronic medical record data

e Administrative data
— Typically generated as part of the process of obtaining insurance reimbursement

 Pharmacy data

— Claims submitted to insurance companies for payments, as well as pharmacy
dispensing records

 Regqgulatory data
* FDA has data from regulatory approval submissions.

Tufts CTSI



Metformin and CRC Survival

1. Women’s Health Initiative

e 2,066 postmenopausal women with CRC (1850 without DM, 85 DM and
metformin, 125 DM and no metformin)

« National health study focused on heart disease, breast ca, CRC, and
osteoporotic fractures in postmenopausal women

2. VA Central Cancer Registry and VA Corporate Data

Warehouse

o 21,300 patients diagnosed with CRC (16500 without DM, 2000 DM and metformin,
2100 DM and other DM drug, 800 DM and no anti-DM drug)

* Registry (patient demographics, tumor characteristics, and primary
treatment) linked to CDW (pharmacy, diagnostic, lab, and vital status
data)
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Cancer Epiderrrod. 2013 October ; 37(%): 742-749. dot: 10,1016/ canep. 2013 .04.015

Diabetes, Metformin Use, and Colorectal Cancer Survival in
Postmen opa usal Women

Furha Iram Cossor”, Luclle L. Adams-Campbell”, Rowan T. Chlebowski®, Marc J Gunter?,
Karen Johnson®, Robert E. Martell”, Anne McTiernan’, Michael 5. Simon?. Thomas Rohan”
Robert B, Wallace', and Jessica K, Paulus!
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Feganch &micke Cancer

Epidemiology,
Blomarkers

Hel:f::-rrnin, Diﬂh—EtEﬂl and Survival among U.S. & Provention
Veterans with Colorectal Cancer

Jessica B Paulus', Christina D. Wilkams*~, Furha L Cossor®, Michad J. Kelley™
angd Robaet E, Martall®
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Diabetic patients (N — 4,983)
Diabetes therapy Unadj HR (95% CI) P AHR" (95% CI) p°

Non-Metformin 1.00 Ref 1.00 Ref
Metformin 0.70 (0.65-0.76) <0.0001 0.87 (0.79-0.95) 0.003
Mone 0.94 (0.85-1.05) 0.7 .02 (0.90-115) 0.76
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I
Prospective evaluation of clinical safety of combining

metformin with anticancer chemotherapy

PROTOCOL VERSION DATE
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November 3, 2015
Amendment 2

PI: Wasif M. Saif, MD

Professor of Medicine, Tufts School of Medicine

Director, GI Onc. Program & Program leader, Exp. Therapeutic, Tufts Medical Center — Tufts
Cancer Center

800 Washington Street

7-South, Suit: 7099

Boston, MA 02111

Ph- 617-636-3627

Fax: 617-636-8538
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A Delayed Start Phase 1
Randomized Trial (n=100)

Study goal: to obtain prospective safety and
pharmacodynamic information in cancer patients

Run-in Stage 1 Stage 2
*PD *PD
eglucose eglucose
Chemotherapy Chemotherapy
. +Metformin
+Metformin .
No 500ms bid 500mg bid for
Documented cancer; DLT & up to 4 months
Intended chemothearpy; » Chemotherapy
No recent metformin .
DLT \ Metformin
Chemotherapy DLT
A4
If subject experiences DLT, Chemotherapy

chemotherapy alone should be continued
in order to identify a tolerable dose/regimen
if considered medically appropriate.
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Thank you!

Jess Paulus, ScD
jpaulus@tuftsmedicalcenter.org
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Comparing RCTs and Observational

Studies

RANDOMIZED, CONTROLLED TRIALS, OBSERVATIONAL STUDIES, AND THE HIERARCHY OF RESEARCH DESIGNS

RANDOMIZED, CONTROLLED TRIALS, OBSERVATIONAL STUDIES,
AND THE HIERARCHY OF RESEARCH DESIGNS

JoHN ConcaTo, M.D., M.P.H., NiRav SHAH, M.D., M.P.H., AND RALPH |. HorRwiITZ, M.D.

ABSTRACT

Background In the hierarchy of research designs,
the results of randomized, controlled trials are con-
sidered to be evidence of the highest grade, whereas
observational studies are viewed as having less va-
lidity because they reportedly overestimate treatment
effects. We used published meta-analyses to identify
randomized clinical trials and observational studies
that examined the same clinical topics. We then com-
pared the results of the original reports according to
the type of research design.

Methods A search of the Medline data base for ar-
ticles published in five major medical journals from
1991 to 1995 identified meta-analyses of random-
ized, controlled trials and meta-analyses of either co-
hort or case-control studies that assessed the same
intervention. For each of five topics, summary esti-
mates and 95 percent confidence intervals were calcu-
lated on the basis of data from the individual random-
ized, controlled trials and the individual observational
studies.

the literature identified six different therapies evalu-
ated in both randomized, controlled trials (50 stud-
ies) and trials with historical controls (56 studies).
For each study, subjects in the treatment group were
found to have similar rates of the outcome in ques-
tion regardless of study design, but subjects in the
control group in trials with historical controls had
worse outcomes than control subjects in randomized,
controlled trials. The agent being tested was consid-
ered effective in 44 of 56 trials with historical con-
trols (79 percent), but in only 10 of 50 randomized,
controlled trials (20 percent). The authors conclud-
cd that biases in patient selection may irretrievably
weight the outcome of historical controlled trials in
favor of new therapies.5

Current criticisms of observational studies involve,
in addition to trials with historical controls, cohort
studies with concurrent selection of control subjects,
as well as case—control designs. Advocates of “evi-

Aence haced medicine”?6 claccif etndiec acearding tn

N Engl J Med 2000; 342:1887-1892, June 22, 2000. DOI: 10.1056/NEJM200006223422507
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Systematic Review of RCTs and ODs.
Studies

 |dentifled meta-analyses of RCTs or observational
studies studying the same clinical question

 5research topics, 1991-1995

« Compared summary RR’s by research design
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Totar No.

CunicaL Toprc TYPE OF STUDY META-ANALYSIS® OF SUBJECTS
Bacille Calmete—Cuiérin Randomized, controlled  Colditz cr al 4 359 922
vaccine and tmberculosis Case—control Colditz er al ¢ 6,511
Mammaography and moreality Randomized, controlled  Kerdikowske et al's 429,043
trom Dreast cancer Case=control Kerikowske et al'® 132 456
Cholesterol levels and death Randomized, controlled  Cummings and Psary?s Aa410
due o trauma Cohort Tacobs et al.)? 0377
Treatment of hyperrension Randomized, controlled  Collins e al.*® 36 894
and stroke Cohon MacMahon ex al.”? 405,511
Trearment of hvperiension Randomized, controlled  Collins er al ' A B
and coronary heart disease Cohort MacMahon er al.¥ 418 343



€<— Protective 1.0 Harmful >

Do the black circles
represent:
A. Observational studies
B. Randomized trials
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Concato’s Refutation of the Hierarchy

RCT results are substantially varied and contradictory

Observational studies yield similar results as RCTs as
long as study populations and questions are similar

Non-medical scientific (psych, educational, behavioral)
disciplines do not support a hierarchy of research
designs

Tufts CTSI



Thank You
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Sample Sizeand Power I
Binary Outcomes

Farzad Noubary, PhD

Assistant Professor
Tufts University School of Medicine

Tufts CTSI



Sample Size and Power

Principles:
Sample size calculations are an essential part of study design
Consider sample size requirements early

A well-designed trial is large enough to detect clinically
Important differences between groups with high probability

To perform sample size calculations, we need well defined
study endpoints, hypotheses, and statistical tests.

Tufts CTSI



Specify the Null Hypothesis

Study hypotheses should be based on a clearly defined
endpoint and period of study:

In most RCTs, known as superiority trials, the study hypothesis
IS stated as a null hypothesis of no difference in the distribution
of the primary endpoint between study groups.

In the CORONARY Trial, the short-term null hypothesis
was

Ho:  Patients receiving on-pump and off-pump coronary artery
bypass surgery will have identical event rates at 30 days
post-randomization

Tufts CTSI



Specify the Alternative Hypothesis

We have an alternative hypothesis in mind, for
example,

H,.: The frequency of events at 30 days will differ in
the two treatment groups.

In superiority trials, we test the null hypothesis against a
two-sided alternative.

We have a directional alternative hypothesis in mind, for
example, that fewer events will occur within 30 days In
the off-pump group.

Tufts CTSI



Outcomes of Hypothesis Testing

When we test the null hypothesis, there are two
possible states of nature and two decisions:

Truth About Risk Difference

Test Result Ho True H, True
Reject H, Type | Error No Error
Do Not Rej H No Error Type Il Error

Tufts CTSI



Power

We will perform a test that has a small probability of a
Type 1 error, usually 0.05.

The power of the study Is the probability that we will
reject the null hypothesis when the alternative
hypothesis is actually true.

We would like this probabillity to be large, typically at
least 0.8.

Tufts CTSI



Express the Hypotheses in Terms
of Probabilities

The 30-day outcome Is a binary event, occurrence or non-
occurrence of death or complications within 30 days of
surgery.

pr = Probability that an off-pump patient will have an event

pc = Probability that an on-pump patient will have an event

The study hypotheses are:
Ho: pr = pc (T and C are equally effective)

Ha: pr # Pc (T and C are not equally effective)

We specify the direction of the alternative for the sample size
calculation.
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The Test Statistic

To test the null hypothesis, we calculate a test statistic, T,
and a critical value, C, and reject the null hypothesis if |T| > C,
thatis,if T>CorT<-C.

To calculate power or sample size, we will focus on
significance in one direction, T < -C, implying that p+

< Pc.

For the CORONARY Trial, define T as the difference
between the observed proportions divided by the standard
error of the difference.

Tufts CTSI



The Test Statistic

The observed difference in proportions is D = py — pc

Assuming equal sample sizes in the two groups,

Var(D) = pr*(1-pp)/n + pc™*(1-pe)/n
Under the null hypothesis, pr = pc. Define the test
statistic as D divided by its standard deviation

Pr=Pc D

= Jzp-i-pyn _ SD(D)

where P is the average event rate

Tufts CTSI



Choosing C

Choose C so that P(T' < -C|H,) = a/2. Usually,o. = 0.05
(two-sided) so a/2 = 0.025.

T is approximately N(0,1) if H, is true. Hence, if
o/2 =0.025,C = 1.96.

Power is P(T'<-C|Hz) = 1 -P(Type 2 error) =1 - f.

The investigator can control the power by choosing the
sample size

Tufts CTSI



Null and Alternative Hypothesis

In the CORONARY Trial, one possible scenario for the 30-day
endpoint was

pc = 0.08, and, under the alternative hypothesis
pr = (0.85)*0.08 = 0.068

a 15% reduction in the event rate in the off-pump group. Under
H,, the expected value of D would be

A =0.068 —0.08 =-0.012
If H, Is true, var(D) = 2*0.08*0.92/n

Tufts CTSI



Logic of Sample Size Calculations

Again consider the risk difference, D = pr — P
D is approximately normally distributed with

mean = 0 if H, Is true and
mean = -.012 if H, IS true

Var(D) = pr*(1-pr)/inT + pc*(1-pc)/ne

The mean is independent of n but the variance decreases as n
Increases

Tufts CTSI



The Logic of Hypothesis Testing
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Var(D) Depends on Sample Size

n= 500 Var = 0.00029 SD =0.017
n=1,000 Var = 0.00015 SD =0.012
n = 2,000 Var = 0.000074 SD = 0.0086
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True Difference (A)
For a fixed sample size, the power of the study will
Increase with the size of the true difference
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Sample Size Formula

To achieve the desired Type 1 and Type 2 error, we need to
satisfy two conditions

-Z42*SD(D) = -C and A + Zg*SD(D) = -C

Recall that we estimate the variance of D by
2p*(1—p)/n

To determine n, set -Z,,,*SD(D) = A + Z5*SD(D) and solve for n

Tufts CTSI
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The Sample Size Formula

25 % (1= D) (Zajo + Z5)°
A2

n =

Zqp, and Zg are the critical values of the normal distribution, p is
the average of the event rates under the alternative hypothesis,
and A is the true difference under H,. For the CORONARY Trial,
with

a=0.05,3=0.20,n=1,903 or 2n = 3,806.

(Note: If p, =0.08, and p, = 0.068 if H, Is true, the correct value
for the sample size is n = 7,462.)

The CORONARY investigators considered a range of scenarios
and settled on a total sample size of 4,700 patients.
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Statistical Analysis:
Monitoring & Interim Analyses

Angie Mae Rodday, PhD, MS

Assistant Professor

Institute for Clinical Research and Health
Policy Studies
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Outline

 Reasons for monitoring clinical trials
 Methods for interim analyses

— Stopping rules
 Examples of interim analyses from the literature
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Monitoring & Interim Analyses

o A trial should only be continued if
— Remains ethical to randomly assign the study treatments
— Potential to answer the proposed research question
e Ongoing clinical trials must be monitored to assess:
— Ethics (risks and benefits)
— Data quality
— Precision of results
— Treatment effects and side effects
— Resource availability
— Outside information
 Accomplished by interim analyses throughout the trial

Tufts CTSI



Treatment Effects and Side Effects

Safety: Unacceptable side effects or toxicity

Efficacy: Experimental treatment is convincingly superior
(or non-inferior) to the control

Harm: Experimental treatment is convincingly worse than
the control

Futility: Experimental treatment is convincingly not
superior (or inferior) to the control

Tufts CTSI



Repeated Testing

 When conducting interim analyses, multiple comparisons
are conducted

e |f H, Is true, but Is tested repeatedly at the a level, the

probability of one or more statistically significant tests will
exceed a even If H, Is true

 Must adjust for multiple comparisons

Tufts CTSI



Methods for Interim Analyses

Group Sequential Designs

— Stopping boundaries

— Alpha spending function
Conditional power (futility)

Continuous toxicity monitoring (safety)
Bayesian approaches

Tufts CTSI



Group Sequential Design

e Conduct interim analysis after certain number of patients
have reached endpoint

« Divide total sample size into K groups of equal size

* Analyze data after results from each group have been
collected and compare to stopping boundaries

— Continue or stop study based on stopping boundaries

Tufts CTSI
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Stopping Rules

 Perform each test with symmetric boundaries at same a
level (Pocock)

 Perform each test with symmetric boundaries at an a that
changes over time. a starts small and preserves most of
a for the final analysis (O’Brien-Fleming)

« 0=0.001 until the last analysis, then a =0.05 (Haybittle-
Peto)

Tufts CTSI



Stopping Rules for Group Sequential
Design

Friedman 1998



Alpha Spending Designs

o Stopping rules can be modified to allow interim analyses
at uneven intervals

— Number or timing of interim analyses need not be
specified in advance, but spending function does

« Describes rate at which total alpha is spent as a
continuous function of the information fraction

— Information fraction for survival=number of observed
deaths/expected number of deaths

— Information fraction for comparison of means=number
of patients observed/target sample size

Tufts CTSI
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Stopping for Futility

 What happens when the interim result is unlikely to
change after accruing more subjects?

e Assessing for futility
— Group sequential methods
— Conditional power

o Calculate the power of the study to reject the null
given the current results

Tufts CTSI



Stopping Rules for Efficacy, Harm,
Futility

Group Seguential Bounds
(1= 0F5)
4.0 |
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DeMets 2006
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Stopping for Safety

 What happens when the interim results indicate
unacceptable side effects or toxicity?

o Assessing for safety
— Group sequential design
— Continuous toxicity monitoring
« Patients enrolled one at a time

o If toxicity is acceptable, new patient enrolled. If not,
study Is stopped.
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Continuous Toxicity Monitoring

Nguyen 2009



Examples of Interim Analyses

What was the purpose of the interim analysis?
— Safety? Efficacy? Harm? Futility?

What type of interim analysis?

— Group sequential? Conditional power?
What stopping rules were used?

— Pocock? O’Brien-Fleming? Alpha spending
functions?

What were the results of the interim analysis?
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Example 1: Stupp 2016

 Objective: To evaluate the efficacy and safety of Tumor-
Treating Fields (TTFields) used in combination with
temozolomide maintenance treatment after
chemoradiation therapy for patients with glioblastoma.

o Statistics: This pre-specified interim analysis was to be
performed after the first 315 randomized patients
reached a minimum 18-month follow-up. The final type |
error rate of 0.05 was split between the interim and final
analyses based on a standard a spending function.
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Results

Data for the interim analysis included 210 patients
randomized to TTFields plus temozolomide and 105 to
temozolomide alone. The independent data and safety
monitoring committee met in October 2014 to review the
iInterim analysis; the trial met the predefined boundaries for
success (Improvement of both progression-free and overall
survival) and the committee recommended study
termination, thus allowing patients in the control group to
crossover and receive TTFields.
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Example 2: WHI 2002

« OBJECTIVE: To assess the major health benefits and
risks of the most commonly used combined hormone
preparation in the United States.

« MAIN OUTCOMES MEASURES: The primary outcome
was coronary heart disease (CHD), with invasive breast
cancer as the primary adverse outcome. A global index
summarizing the balance of risks and benefits included
the 2 primary outcomes plus stroke, pulmonary
embolism (PE), endometrial cancer, colorectal cancer,
hip fracture, and death due to other causes.
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Monitoring Methods

Trial monitoring guidelines for early stopping considerations
were based on O'Brien-Fleming boundaries using
asymmetric upper and lower boundaries: a 1-sided, .025-
level upper boundary for benefit and 1-sided, .05-level
lower boundaries for adverse effects. Trial monitoring for

early stopping considerations was conducted semiannually
by an independent DSMB.
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Monitoring & Early Stopping

Formal monitoring began in the fall of 1997 with the
expectation of final analysis in 2005 after an average of
approximately 8.5 years of follow-up. Late in 1999, with 5
Interim analyses completed, the DSMB observed small but
consistent early adverse effects in cardiovascular outcomes
and in the global index. None of the disease-specific
boundaries had been crossed. In the spring of 2000 and
again in the spring of 2001, at the direction of the DSMB,
hormone trial participants were given information indicating
that increases in Ml, stroke, and PE/DVT had been
observed and that the trial continued because the balance
of risks and benefits remained uncertain.
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Monitoring & Early Stopping

In reviewing the data for the 10th interim analyses, the DSMB found
that the adverse effects in cardiovascular diseases persisted,
although these results were still within the monitoring boundaries.
However, the test statistic for breast cancer (z = -3.19) crossed the
designated boundary (z = -2.32) and the global index was
supportive of a finding of overall harm (z = -1.62). Updated
analyses including 2 months of additional data, available by the time
of the meeting, did not appreciably change the overall results. On
the basis of these data, the DSMB concluded that the evidence for
breast cancer harm, along with evidence for some increase in CHD,
stroke, and PE, outweighed the evidence of benefit for fractures and
possible benefit for colon cancer over the average 5.2-year follow-
up period. Therefore, the DSMB recommended early stopping of the
estrogen plus progestin component of the trial. Because the balance
of risks and benefits in the unopposed-estrogen component remains
uncertain, the DSMB recommended continuation of that component
of the WHI. Individual trial participants have been informed.



Example 3: Piperno-Neumann 2016

e OBJECTIVE: We assessed whether zoledronate
combined with chemotherapy and surgery improved
event-free survival in children and adults with
osteosarcoma.

o« STATISTICAL ANALYSIS: Three interim analyses were
done with a Lan and DeMets a-spending function based
on the O’Brien-Fleming group sequential boundary
function. These analyses were to be disclosed to the
IDMC... For each toxicity term, the proportion of patients
who had a severe toxicity was compared between
randomised groups using a x2 test.

Tufts CTSI



Results

o After the second interim analysis, accrual was
prematurely stopped for futility because the estimated
likelihood of showing an event-free survival benefit if the
trial had continued was practically null (conditional power
to show a benefit <0.0001).

* No significant increase in acute toxicity was noted during
treatment in the zoledronate group than in the control

group, except for a large excess of hypocalcaemia and
hypophosphataemia
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Discussion

e The toxicity noted with these chemotherapy regimens
was as expected, with no major increase of toxicity In
patients receiving zoledronate, except for reversible
hypocalcaemia and hypophosphataemia.

« The conditional power was practically null even under our
optimistic hypothesis that the 3-year event-free survival
would increase from 55% to 68%.
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Do studies that stop early for
benefit have different results?
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Systematic review & meta-analysis:
Bassler 2010

 Objective: Compare the treatment effect from truncated
RCTs with that from meta-analyses of RCTs addressing
the same question but not stopped early (non-truncated
RCTSs)

« Methods: Selected studies where RCTs stopped early
for benefit and matching non-truncated RCTs answered
similar research questions
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Overview of Next Session

Andreas Klein, MD
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Agenda

Registration

Institutional Regulatory Review
Andreas Klein & Jack Erban

Investigator Responsibilities
Susan Parsons

Break & Snack

Biorepository: Use of tissue specimens for research
Sandra Gaston

Data and Safety Monitoring Board (DSMB)
Tamsin Knox

Study Budgets
Doug Eeichgoft

Closing Remarks/Happy Holidays!
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12:30 - 1:00 PM

1:00 - 2:00 PM

2:00 - 2:45 PM

2:45 - 3:00 PM

3:00 - 3:15 PM

3:15 - 4:00 PM

4:00 - 4:30 PM

4:45 - 5:00 PM



Pre-Work

I, Clinlcal Trials [December 16, 2016)

Principal Investigator IRB Responsibilities (Under Regulatory Affairs course)
Working with the IRB: Common Myths and Successful Strategies Best Practices
in Clinical Trial {Under Regulatory Affairs course)

. Data Safety and Monitoring Boards (Under Regulatory Affairs course)

What you need to know about DSMBs (But were afraid to ask), (Under
Regulatory Affairs course)

Research Ethics of Clinical Investigation {Under Clinical Research course)
Research Data Management {Under Clinical Research course|
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