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Outlines

* Do we really need RWE, as we have RCTs already?
* Integrating CVD-REAL and CVOTs, where is the “true effect™?

* |s it the regulatory environment changing position about RWE?

« CVD-REAL: clinical implications, overall impact and future directions



What is Real World Evidence all about?

« “Everything that goes beyond what is normally collected in the Phase 3 clinical trials program in term
of efficacy™

« “Derived from multiple sources outside typical clinical research setting™
« “Ameasure in understanding health care data collected under real-life practice circumstances”
- “Data derived from medical practice among heterogenous set of patients in real-life practice settings™

 Real world evidence (RWE) in medicine means evidence obtained from real world data
(RWD), which are observational data obtained outside the context of randomized controlled
trials (RCTs) and generated during routine clinical practice. RWE is generated by
analysing data which is stored in electronic health records (EHR), etc.. It may be derived from
retrospective or prospective observational studies and observational registries®

* In the USA the 21st Century Cures Act required the FDA to expand the role of real
world evidence?
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2. Sherman RE et al. N. Engl J Med 2016;375:2293-7
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5. Network for Excellence in Health Innovation. Real world evidence: a new era for health care innovation. September 2015. available at http://www .nehi .net/ writable/ publication_files/ file/
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6. Food and Drug Administration. Use of real-world evidence to support regulatory decision-making for medical devices: draft guidance for industry and Food and Drug Administration staff. July
27, 2016.http://www.fda gov/ downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM513027 .pdf

7. Berger, Marc L. et al. “Good Practices for Real-world Data Studies of Treatment And/or Comparative Effectiveness: Recommendations from the Joint ISPOR-ISPE Special Task Force on
Real-world Evidence in Health Care Decision Making.” Pharmacoepidemiology and Drug Safety 26.9 (2017): 1033-1039. PMC. Web. 5 May 2018.

8. https://en.wikipedia.org/wiki/Real world evidence
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VIEWPOINT

Opinion

Real-World Evidence and Real-World Data
for Evaluating Drug Safety and Effectiveness

For of years, the di of new medi-
caltreatments relied on “real-world" experience. Discov-
eries such as citrus fruit curing scurvy described in the
1700s or insulin as atreatment for diabetes in the 1920s
long preceded the advent of the modern randomized
clinical trial. What these diseases had in common was a
vod of diagnosis, a predictable clinical course,

Leonard Sacks, MD
Center for Drug
Evaluation and
Research, Food and

Drug Administration,
Silver Spring, Maryland.

Janet Woodcock, MD

Center for Drug
Evaluation and

and a large and obvious effect of the treatment.

In the late 1940s, the medical community began
to adopt the use of randomized clinical designs for
drug trials." The recognition that anecdotal reports
based on clinical practice observations were often
misleading led to the nearly complete replacement of
this "real-world evidence” (RWE) approach to evi-
dence using the modern clinical trial model.

Research, Food and
Drug Administration,
Silver Spring, Maryland,

Although moving medical science toward greater
scientific rigor, this transformation simultaneously
diminished the use (and minimized the value) of evi-
dence generated from practice-based observations.

records (EHRs) together with nsmg costs and recog-
inter-

est in the use of real-world data (RWD) to enhance the
efficiency of research and bridge the evidentiary gap
between clinical research and practice. RWD can be
defined as data relating to patient health status or the
delivery of health care routinely collected from a vari-
ety of sources, such as the EHR and administrative data.

Under the 21st Century Cures Act, the Food and Drug
Administration is tasked with developing a program to
evaluate the use of RWE to support approval of new in-
dications for appi d drugs or to satisfy
study requirements.? RWE can be defined as the clini-
cal evidence regarding the usage and potential ben-
efits or risks of a medical product derived from analysis
of RWD. A framework for this program will be pub-
lished by the end of 2018.

The FDA routinely uses RWD to provide evidence
about drug safety, drawing on claims and pharmacy data

[Real-world data] can be defined as data
relating to patient health status or the
delivery of health care routinely
collected from a variety of sources, such
as the EHR and administrative data.

gr IS
support drawing strong causal inferences regarding the
efficacy of treatments, and thereby contribute to the

The FDA'IS Now Tocused o identitying agaitionar
areas in which RWD may be used to generate evidence
of effectiveness. This will require both an assessment of

dence of effec

thatwillbe

yforregu quality and suitability

latory appvoval. Onthe other hand, such trials do have  used, and the analytical methods to generate the evi-

important limitations, including high costs, dence. Through Sentinel, the FDA has considerable ex-

source requlremems and often long timelines. Restric-  perience with the use of claims data, but claims data will

C i ia and the conce ftrialsites  notcapture many of the clinical end points used to sup-
V‘v‘;‘:‘:’(';zlr”’jn in cerlam heal(h systems make it challenging for some por(newnnduauons for approved drugs EHRs canpro-
— ll, including th with es- granular clinical data, includi yre-
peclallylf ility or bilities are affected. Thus,  sults, imaging, and clinical assessments; however, EHR

mpshire  the trial population may not reflect the larger popula-

tion that will use the drug.
The increasing accessibility of digital health data,
spurred in large part by the transition to electronic health

data are often unstructured and at times inconsistent
duetoentry ions across providers I
tems. This is not surprising because EHR data are not
presently generated with research goals in mind.

JAMA September4,2018 Volume 320, Number 9

® 2018 American Medical Association. All rights reserved.



RWE, RWD and “CCPD” (Current Clinical Practice Data)

« RWD: data derived from the real world
— Routine healthcare, clinical or business operations
— Observation of free-living humans

* RWE: evidence relevant to the real world

* RWD does not always make RWE

« RWE usually starts with RWD

« “CCPD" might not translate into “RW" at all

RWD, real world data; RWE, real world evidence
Academy of Medical Sciences. Next steps for using real world evidence. 2018. Available at: https://acmedsci.ac.uk/more/news/next-steps-for-using-real-world-evidence
(Accessed June 2018)




Different stakeholders have different interests in RWE

PRESCRIBER

How a treatment
performs in real life
practice across
different age groups,
genders, races and
ethnicities, disease

severities and comorbid
conditions to inform use

in everyday clinical
practice’

REGULATORY
AUTHORITY

How clinical setting and
provider and health-
system characteristics
influence treatment
effects and
outcomes?;
real world safety’

(£ )

PAYER

Economic impact
(budget impact model,
short term models,
health care resource
utilization/cost data),
reimbursement;3
pricing;3
cost-effectiveness;’
formulary placement’

(+)

PATIENT

To what extent a
treatment is likely to
work for patients
like them in real life*

1. Cziraky M and Pollock M. Applied Clinical Trials 2015. Available at: http://www.appliedclinicaltrialsonline.com/real-world-evidence-studies (Accessed June 2018);
2. Sherman RE et al. N Engl J Med 2016;375:2293-7; 3. ISPOR. Real-Life Data: A Growing Need. Available at: https://www.ispor.org/News/articles/Oct07/RLD.asp

(Accessed June 2018); 4. de Lusignan S et al. J Innov Health Inform 2015;22:368—73




Real world evidence can inform ...

 Qutcomes research

 Research on healthcare systems

* Quality improvement

« Safety surveillance

* Therapeutic development
 Well-controlled effectiveness studies

* And can provide information on how factors, such as
clinical setting and provider, and health system g B 4
characteristics influence treatment effects and THINGS GOT REALLY INTERESTIG

WHEN THE STATISTICIAN STARTED

outcomes A sopmaaip s R

Sherman RE et al. N Engl J Med 2016;375:2293—-7



What does real world evidence mean?

RWE is the use of RWD and analytics to discover, develop, deliver and provide

new insights on healthcare interventions

RCTs and RWE form a continuum of evidence
Availability of RWD and use of appropriate

analytical methods create a big opportunity to Internal validity _

accelerate/increase patient access to |

. . 0.0 i Non-int ti

innovative medicines e tonal e
P

RCT observational

I RWE differs from the traditional RCT approach study

e because it uses primary and secondary data from
v

the real world instead of data generated from a

standard, randomized patient base Randomized Observational
Protocol-driven Usual care-driven
Internal validity Relevance to clinical practice
FAE s 1 rebplace re§uI]ctfs front; RCJS’ but is Extensive exclusion Few exclusions
complementary ecause_ It offers a broader range and inclusion criteria (including comorbidities)
of data to generate the evidence necessary for _ _
medical and healthcare decision-makers High cost per Lower cost per patient
patient (large n values)

RCT, randomized controlled trial; RWD, real world data; RWE, real world evidence



What are we measuring, moving beyond clinical trials

Broad Total population In RCT:
N « Efficacy is the extent to which an intervention
anage .
as... Lers does more good than harm under ideal
Observational circumstances
studies
C
2 Clinical Pragmatic
g o randormized In RWE:
riais
§ Long-term » Effectiveness is the extent to which an
ArEs £ intervention does more good than harm when
provided under the usual circumstances of
ngﬁrrrer]fad healthcare practice
diagnosis
>
i - In HE:
Highly Pragmatically . '
Narrow controlled controlled Observational

- Efficiency is the analysis of the incremental
cost related to the unity of quality of life
gained or lost (e.g. QALY, ICER, NNT, NNH,
DALY), however Patient’s is different from

Adapted from Roche et al. Lancet Respir Med 2013;1(10):e29-30 HCP’s or Payer’s prospective

RCT, randomized controlled trial

Constraint «————  Study design » Free




The importance of RWE for advancing drug safety

“...And at the end of a drug development program, RCTs can leave
critical questions unanswered, particularly about the effects or
impacts of a drug after it gets into the ‘real world’...””

The NEW ENGLAND JOURNAL of MEDICINE

(p2Y U.S, FOOD & DRUG
ADUNITIEATION

SOUNDING BOARD

Real-World Evidence — What Is It and What Can It Tell Us?
SENTER FORIITIC EALUATION D R A Rachel E. Sherman, M.D., M.P.H., Steven A. Anderson, Ph.D., M.P.P,,
DRUG SAFETY Gerald J. Dal Pan, M.D., M.H.S., Gerry W. Gray, Ph.D., Thomas Gross, M.D., M.P.H,,
Nina L. Hunter, Ph.D., Usa LaVange, Ph.D., Danica Marinac-Dabic, M.D., Ph.D.,
PRIOR'T' ES Peter W, Marks, M.D., Ph.D., Melissa A. Robb, B.S.N., M.S,, Jeffrey Shuren, M.D., J.D.,
201 7 Robent Temple, M.D., Janet Woodcock, M.D., Lilly Q. Yue, Ph.D., and Robert M. Califf, M.D.

The term *real-world evidence® is widely used by  shortage of researchers with adequate methodo-
those who develop medical products or who logic savvy could result in poorly conceived study
study, deliver, or pay for health care, but its spe-  and analytic designs that generate incorrect or
cific meaning is elusive. We believe it refers to unreliable conclusions. Accordingly, if we are

RCT, randomized controlled trial; RWE, real world evidence
1. CDER Drug Safety Priorities 2017. Available at: https://www.fda.gov/downloads/Drugs/DrugSafety/UCM605229.pdf (Accessed 7 July 2018)
2. Sherman RE et al. NEJM. 2016;375:2293—7
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Sampling in CVOTs... Size matters!

Pts
Randomized Chance of Comments
Deaths (Risk = 10%) Type Il Error* on Sample Size

0-50 < 500 >0.9 Utterly inadequate
50-150 1000 0.7-0.9 Probably inadequate
150-350 3000 0.3-0.7 Possibly inadequate
350-650 6000 0.1-0.3 Probably adequate

> 650 10000 <0.1 Adequate

*Probability of failing to achieve p < .01 if risk reduction = 25%

Yusuf Progr CV Dis 1985
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s it feasible, affordable and cost effective? Do your maths

- Different types of studies require different amounts of resources
— Are the resources required justified by the value of the study?

Systematic literature review 'I‘ $

Analysis of administrative claims ,n\‘ ,n\‘

data/registry data S

Analysis of electronic medical records ™ $$ o
Prospective, non-interventional study ’ﬂ"ﬂ"ﬂ‘ $$% B
Pragmatic clinical trial m™m $$$$ o8

RCT ™M ssss6 ol

12



Why so many Pragmatic Trials?

Each domain is a 5-point Likert scale:

1. Very explanatory

2. Rather explanatory

3. Equally pragmatic/explanatory
4

5

2
PRECIS-Z E“S'bmty . Rather pragmatic
o o . _ Who is selected to . Very pragmatic
MEDLINE search “pragmatic [tiab] OR naturalistic* [tiab] AND trial”’ ) _ participate in the trial? .
Primary analysis Recruitment
To what extent 3 How are participants
are all data recruited into the
=g included? \ 5 trial?
190 — Al articles
— Trials
£ 160
s 120 - / Primary outcome Setting
s How relevant Where is the
£ 100+ isitto trial being
= 80 participants? done?
80 —
40
20
o —
1970 1980 1990 2000 2010 FO“OW‘UP Olganisation
Publication year How closely are What expertise and
participants resources are needed
followed-up? to deliver the
2008 2009 2015 intervention?
CONSORT PRECIS PRECIS-2
Flexibility: adherence Flexibility: delivery
What measures are in place How should the
to make sure participants intervention
adhere to the intervention? be delivered?
1. Modified from Dialogues Clin Neurosci 2011;13:217-224. 2. NEJM 2016;375 (5):454-463. Adapted from BMJ 2015;350:h2147 https://www.precis-2.org 13



Role of “RWE" and “Pragmatic design”... is it really so “all new stuffs”!

VAN “Turn out your old clothes...

.. some of them may have come back into fashion.”

14



From 1967 to 2009 ... from 1984 to 2016 !

-
J. chron. Dis. 1967, Vol. 20, pp. 637-648. Pergamon Press Ltd. Printed in Great Britain T dmvenal nf
Journal of
STATISTICS IN MEDICINE, VOL. 3, 375 384 (1984) c"mcal
! o Epldemlology
Joumal of Clinical Epidemiology 62 (2009) 499—505 —_——
ORIGINAL ARTICLE
TYING CLINICAL RESEARCH TO PATIENT CARE BY USE EXPLANATORY AND PRAGMATIC ATTITUDES IN Explanatory and Pragmatic Attitudes in Therapeutical Trials
OF AN OBSERVATIONAL DATABASE THERAPEUTICAL TRIALS . ]
Daniel Schwartz, Joseph Lellouch
Unité de Recherches Statistiques, Institut National de la Santé et de la Recherche Medicale, 94 Villejuif, France
MARK A. HLATKY, KERRY L. LEE, FRANK E. HARRELL, JR., ROBERT M. CALIFF, Dares1. ScewARTZ and Jomrs LErovce Accepted 30 January 2009
DAVID B. PRYOR, DANIEL B. MARK AND ROBERT A. ROSATI Unité de Recherches Statistiq Institut National de la Santé et de la Recherche Medicale,
Division of Cardiology, Department of Medicine and the Division of Biometry, Department of Community and Family 94 Villejuif, France
Medicine, Duke University Medical Center, Durham, North Carolina, U.S.A. (Received & January 1967; in revised form 24 March 1967)
- ) o It is the thesis of this paper that most therapeutic trials are inadequately formulated, and this from the earliest stages of their conception.
The proposition that some inh logml np Their inadequacy is basic, in that the trials may be aimed at the solution of one or other of two radically different kinds of problem; the
- m"sh?f‘,z,:,n“;, based on obser o [;,:: 1T 15 the thesis of this paper that most therapeutic trials are inadcquately formulated, :::l;:i‘:n;ggcl:zp::‘f:;m the definition of the treatments, the assessment of the results, the choice of subjects and the way in which the
little to commend it beyond the great positiveness with and this fl:om the eﬂl‘h?st stages of the": conception. Their 1na'dequ’af;y 15 b?sm’ n It often occurs that one type of approach is ethically less defensible than the other, or may even be ruled out altogether on ethical
which it is sometimes asserted. that the trials may be aimed at the solution of one or other of two radically different grounds. We postpone consideration of this aspect of the question until a later section. © 2009 Elsevier Inc. All rights reserved.
JEROME CORNFIELD' kinds of problem; the resulting ambiguity affects the definition of the treatments,
) . ) ) o . . the assessment of the results, the choice of subjects and the way in which the treatments
Careful observation forms the foundation upon which all science is built. Performing experiments are compared. i
is, of course, a major scientific activity, but there are several scientific disciplines, such as astronomy, It often occurs that one type of approach is ethically less defensible than the other, roup A [ 30 days VD ::@m P prm—
8°°|°8Yb?"d e‘é"'“"‘"{'ﬂlfy :;glogy to nar:;e bu: a fewf l(l;a which m;amnglf“l CXP;:)‘:‘C"(“";";]‘S or may even be ruled out altogether on ethical grounds. We postpone consideration i ExplanatorgR Pragmatic K
impossible and careful observation_and analysis o ta_are the only methods available of this aspect of the question until a later section. & -~ ) - - —
Experimentation in clinical medicine takes the form of the randomized controlled trial (RCT), and g roue : o | feslts :lmb.\nww::m application (Y)‘:ly if DR =R (Y):\I) R R
it has been .asscned that only randomized trials can provide valid concl_usxons.aboul lherap.eunc Explanatory Pragmatic R, immediate therapy, R, defayed radiotherapy, DR, drug followed by
efficacy. As in other fields, however, there have been important advances in medical therapeutics as 7 . radiotherapy.
a result of careful observation and analysis. Our thesis is that the credibility of any investigation radiotherapy [ ] drug under study
depends mainly upon its adherence to high scientific standards in obtaining data and the care taken
in analysing data When proper methodology is used, we behcvc lhat the observational database

The NEW ENGLAND JOURNAL of MEDICINE

In this article we first briefly outline the methods that should be used in modern observauonal
studies. We then consider certain limitations to the use of RCT results in guiding clinical decisions
about individual patients. Next we address the principal objections to the use of the observational
database, and the methods used to control or reduce the bias introduced when treatment is not
allocated randomly. Finally, we discuss the complementary roles of the RCT and observational
database and the potential benefit of more frequent use of multivariable methods to analyse RCT
data.

The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

SOUNDING BOARD

THE MODERN OBSERVATIONAL DATABASE THE CHANGING FACE OF CLINICAL TRIALS
. ffrey M. Drazen, M.D., David P. Harrington, Ph.D., John J.V. McMurray, M.D., James H. Ware, Ph.D.

Real-World Evidence — What Is It and What Can It Tell Us? Je . S T
A primary purpose of an observational database is to collect and then distil accumulated clinical and Janet Woodcock, M.D., Editors
experience to make accurate predictions for individual patients. To attain this goal, the factors Rachel E. Sherman, M.D., M.P.H., Steven A. Anderson, Ph.D., M.P.P.,
which are most predictive of diagnosis and prognosis must first be identified, and then predictive Gerald J. Dal Pan, M.D., M.H.S., Gerry W. Gray, Ph.D., Thomas Gross, M.D., M.P.H., . .
models must be developed and validated. The primary purpose of the observational database Nina L. Hunter, Ph.D., Lisa LaVange, Ph.D., Danica Marinac-Dabic, M.D., Ph.D., Pra gmatlc Trlals
therefore differs from that of the randomized controlled trial, which is designed to assess the effect Peter W. Marks, M.D., Ph.D., Melissa A. Robb, B.S.N., M.S,, Jeffrey Shuren, M.D., ).D.,
of therapy in a population of palicms. Robert Temple, M.D., Janet Woodcock, M.D., Lilly Q. Yue, Ph.D., and Robert M. Califf, M.D.

lan Ford, Ph.D., and John Norrie, M.Sc.

N Engl J Med. 2016 Dec 8;375(23):2293-2297

N Engl J Med. 2016; 375:454-63




European Committee - Innovative Medicines Initiative (IMI)

Input your search...

New methods for RWE collection and synthesis
Get (} Real |

IMI is a Joint Undertaking between the European Union and the European Federation of Pharmaceutical Industries and Associations (EFPIA). |

About GetReal Webinars Events Publications Tools Contact Member Area

Partners News

Launched in October 2013, GetReal is a three-year project of the Innovative Medicines Initiative
(IMI), a EU public-private consortium consisting of pharmaceutical companies, academia, HTA
agencies and regulators (e.g., NICE, HAS, EMA and ZIN), patient organisations and SMEs.

RWE Navigator

PragMagic

to GetReal

GetReal aims to show how robust new methods of RWE collection and synthesis could be adopted

earlier in pharmaceutical R&D and the healthcare decision making process. The consortium is

doing this by: ADDIS

- Bringing together healthcare decision makers, academics, pharmaceutical companies,

clinicians, and other societal stakeholders;

Assessing existing processes, methodologies, and key research issues;

Proposing innovative trial designs and assessing the value of information;

Proposing and testing innovative analytical and predictive modelling approaches;

Assessing operational challenges and proposing and testing the impact of solutions;

Creating new decision making support, and building tools to allow for the evaluation of

development programmes and use in the assessment of the value of introducing new

treatments;

- Sharing and discussing deliverables with healthcare decision makers, academics,
pharmaceutical companies, clinicians, and other societal stakeholders;

- Developing training for researchers, healthcare decision makers and societal stakeholders in
the public and private sector in order to increase knowledge about various aspects of
effectiveness.

Sure-Real

https://www.imi-getreal.eu/
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Trying to integrate CVOTs with RWE...

* Do we really need RWE?
* Can we rely on the results?
* |Is RWE relevant to my clinical practice?

RCTs (vs placebo) PHARMACOLOGICAL OUR TRIALS SHOW THAT

HE NEW DRUG PERFORMS
DWS l‘-l'(-J BETTER ‘IL"HAN PLACEBO

« High internal validity /

MAYBE WE SHOULD
INVEST IN PLACEBOS

« Limited external validity

« Efficacy and safety

 (Gold standard

CVOT, cardiovascular outcomes trial; RCT, randomized controlled trial; RWE, real world evidence
Silverman L. Am J Med 2009;122:114-120

RWE (vs standard of care)

Higher external validity
(current clinical practice)

Residual confounding

Established for safety
monitoring

Effectiveness

17



The majority of patients are not represented in RCTs

How many real world patients with T2D would be
eligible for landmark diabetes RCTs?

Total Scottish Care Information — Royal College of General
Diabetes Collaboration population Practitioners Database
N = 180 590 patients with T2D (100%) N = 60 327 patients with T2D

ACCORD ADVANCE PROactive RECORD EMPA-REG

RCT, randomized controlled trial; T2D, type 2 diabetes
Saunders C et al. Diabet Med 2013;30:300-8; McGovern A et al. Diabetes Ther 2017 Apr;8:365-76. doi: 10.1007/s13300-017-0254-7 [Epub ahead of print]

18



Eligibility for EMPA-REG OUTCOME

& 4.

- Diabetes Collaborative Registry’ —_— -
T 3 - o Treate V‘{it 65.4% | Canagliflozin
— In alarge US-based outpatient registry, ~1 in 4 Patients bl ey it e
g P gistry with type 2 REG eligible SGLT-2i <)_’
i . . e ey e v diabet .
patients with T2D met the main eligibility criteria (N = 182 525) ouTcomE 26.2% 94.8%

for EMPA-REG OUTCOME

20.7% Dapagliflozin
m Empagliflozin

RCGP-RSC total type Il diabetes group (n = 60,327)

 Royal College of General Practitioners Risk factor present % (95% CI)'

i 2

Research and Surveillance Centre database R —— v948051
— 16% of patients with T2D from the UK-eMR Coronary artery disease 5.9(5.7106.0)
database met the inclusion criteria for EMPA-REG Unstable angina 0.9(0.8100.9)
OUTCOME 43(421045)
Peripheral artery disease 4.4 (4.3t04.6)

Any major CV risk factor 15.7 (15.5 to 16.0)

CV, cardiovascular; eMR, electronic medical record; T2D, type 2 diabetes
1. Arnold S et al. Eur J Prev Cardiol 2017;24:1637—-45; 2. McGovern A et al. Diabetes Therapy 2017. doi:10.1007/s13300-017-0254-7 19



Ethical implications: Possible Events Avoided in the DCR Registry Study

Event rate Event rate
(total) (annualized) Potential events avoided
Rate in Rate in
Rate in drug placebo Rate in drug placebo
All-cause death 5.7% 8.3% 1.94% 2.86% 1441 510
CV death 3.7% 5.9% 1.24% 2.02% 1219 432
CHF hospitalization 2.7% 4.1% 0.94% 1.45% 776 283

DCR, Diabetes Collaborative Registry

Arnold S, et al. Presented at: 52nd EASD Annual Meeting; September 12th—16th, 2016; Munich, Germany 20



Real-world Evidence and Ongoing CVOTs

.

miss'

N=17,276

Patients with uncontrolled T2DM,
and either multiple CV risk factors
or established vascular
complications

Nov 2018

N=7020

Patients with T2DM and history of
prior CV events

CVD-REAL>®

» Patients with T2DM,
newly initiated with
an SGLT2i or oGLD

* Lower % of history
for established CV

diseases

Mar 2017
Mar 2018

Sep 2015

CANVAS3

N=4330 + 5813

Patients with T2DM, and either
more than two CV risk factors
(35%) or established vascular

complications (65%) Jun 2017

N~8000

Patients with established vascular
disease and evidence/history of
atherosclerosis involving the
coronary, cerebral, or peripheral

vascular systems Sep 2019

CV, cardiovascular; CVOT, cardiovascular outcome trial; MI, myocardial infarction; SGLT2i, sodium—glucose co-transporter 2 inhibitor; T2DM, Type 2 diabetes mellitus

1. NCT01730534. Available at: hitps:/clinicalirials.gov/ct2/show/NCT01730534 (Accessed Oct 2018); 2. Zinman B, et al. N Engl J Med 2015;373:2117-2128,;
https://clinicaltrials.gov/ct2/show/NCT01989754 (Accessed Oct 2018); 4. NCT01986881. Available at:

3. NCT01032629. Available at:

hittps://clinicaltrials.gov/ct2/show/NCT01032629;
https://clinicaltrials.gov/ct2/show/NCTQ01986881 (Accessed Oct 2018); 5. hitps:/clinicaltrials.gov/ct2/show/NCT02993614?term=cvd+real&rank=1 (Accessed Oct 2018). Kosiborod M et al. Circulation 2017;136:249-5

Kosiborod M et al. J Am Coll Cardiol 2018;71:2628-39.

—
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CVOTs mostly in prevalent “established CVD" T2D population

i" * EMPA-REG
0 OUTCOME

Patients with event/ analyzed

Outcome
Hazard
ratio 95% ClI Pvalue

Sep 2015

v

CANVAS Program

‘ CANVAS-R

Canagliflozin  Placebo
(N=5795) (N=4347)
no. of participants per 1000 patient-yr

Jun 2017

Hazard Ratio (95% Cl)

Death from cardiovascular causes, 26.9 315 e 0.86 (0.75-0.97)
3-point MACE 490/4687 282/2333 0.74, 0.99* 0.04 nonfatal myocardial infarction, :
or nonfatal stroke }
CV death 172/4687 137/2333 0.62 0.49,0.77 —@— <0.001 | Death from cardiovascular causes 116 12.8 —e— 0.87 (0.72-1.06) |
Nonfatal myocardial infarction 97 116 —a—r 0.85 (0.69-1.05)
Nonfatal MI 213/4687 121/2333 0.87 0.70, 1.09 —ot 022 [ Nonfatal stroke 71 34 —e— 0.90 (071-115) |
Fatal or nonfatzl myocardial infarction 112 126 —e— 0.39 (0. 73-1. 09)
Nonfatal strok 150/4687 0/2333 1.24 .92, 1.67 +-@— A !
onialal Soxe 01468 60 BT 0.16 Fatal or nonfatal stroke 7.9 96 —e— 0.87 {0.69-1.09)
AL o 126/4687 95/2333 065 050,085 —— 0.002 Hospitalization for any cause 1187 111 ro e
alure Hospitalization for heart failure 5.5 87 e | 0.67 (0.52-0.87)
03 o5 10 20 Death from cardiovascular causes 16.3 20.8 —e— | 0.78 (0.67-0.91)
or hospitalization for heart failure -
MY Death from any cause 17.3 195 I—-.—+ 0.87 (0.74-1.01)
F Progression of albuminuria 804 1287 HH : 0.73 (0.67-0.79)
T DID NUMBER , o S ' -
WHA . 40% reduction in eGFR, renal-replacement 5.5 920 —e— - 0.60 (0.47-0.77)
NEEDED TO ) '
THAT STUDY therapy, or renal death '
FIND? CONFUSE. . , .
05 1.0 20
N N H Canagliflozin Better Placebo Better

NNTBC

Primary outcome was defined as death from CV causes, nonfatal myocardial infarction, or nonfatal stroke
Cl, confidence interval; CV, cardiovascular; EMPA-REG, Empaglifiozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes; HF, heart failure; MACE, major adverse cardiovascular event;
MI, myocardial infarction; SGLT2, sodium—glucose co-transporter 2; T2DM, Type 2 diabetes mellitus
1. Zinman B, etal. N Engl J Med 2015;373:2117-2128.
2. Neal B, etal. N Engl J Med 2017;376:644-57.
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CVDREAL

Baseline characteristics from CVOTs and RWE studies (1)

_ CVOTs Observational studies

EMPA-REG CANVAS DECLARE CVD-REAL CVD-REAL CVD-REAL CVD-REAL 2 EASEL
OUTCOME! (CANA vs Total (SGLT-2i vs Nordic Nordic vs (SGLT-2i vs (SGLT-2i vs
(EMPA vs placebo)? (DAPA vs oGLD)3 (SGLT-2i vs DPP-4i oGLD)’ oGLD)®
placebo)’ N =10 142 placebo) N = 306 156 oGLD)* (DAPA vs N =470 128 N = 25 258
N = 7020 N =17 160 N =91 320 DPP-4i)°
N =40 908
63 63 64 o7 61 61 Y4 66
Women, % 28 36 37 44 40 41 45 44
White race, % 72 78 79 - - - NA 35
eCVD, % > 99 66 41 13 25 23 27 100
Previous HF, % 10 14 10 3 ) ) 7 23

These studies differ in design, patient population, comparator and follow-up period; the table does not represent a direct H2H comparison between studies

CKD, chronic kidney disease; CVD, cardiovascular disease; CVD-REAL CardioVascular events in Diabetes — Reduction of Events According to real Life data; CVOT,
cardiovascular outcomes trial; DAPA, dapagliflozin; DPP-4i, dipeptidylpeptidase-4 inhibitor; EMPA, empagliflozin; eCVD, estimated CVD; GLP-1 glucagon-like peptide-1;

H2H, head-to-head; HF, heart failure; oGLD, other glucose-lowering drug; RWE, real world evidence; SGLT-2i, sodium—glucose co-transporter 2 inhibitor

1. Zinman B et al. N Engl J Med 2015;373:2117-28; 2. Neal B et al. N Engl J Med 2017;376:644-57; 3. Kosiborod M et al. Circulation 2017;136:249-59; 4. Birkeland KI

et al. Lancet Diabetes Endocrinol 2017;5:709-17; 5. Persson F et al. Diabetes Obes Metab 2018;20:344-51; 6. Udell JA et al. Circulation 2018;137:1450-59; Nov 13

[Epub ahead of print];

7. Kosiborod M et al. J Am Coll Cardiol 2018;71:2628-39. 23



Baseline characteristics from CVOTs and RWE stud

N
=_ CVOTs Observational studies

EMPA-REG CANVAS DECLARE CVD-REAL CVD-REAL CVD-REAL CVD-REAL

OUTCOME (CANA vs Total (SGLT-2i vs Nordic Nordic vs 2 (SGLT-2i (SGLT-2i vs

(EMPA vs placebo)? (DAPA vs oGLD)3 (SGLT-2i vs DPP-4i vs oGLD)’ oGLD)®

placebo) N =10 142 placebo) N = 306 156 oGLD)4 (DAPA vs N =470 128 N = 25 258

N = 7020 N =17 160 N =91 320 DPP-4i)5

N =40 908

Metformin, % 74 77 79 79 77 84 75 81
Insulin, % 49 50 40 29 30 29 20 20
SU, % 43 43 41 39 27 26 52 45
DPP-4i, % 11 12 16 33 19 - 56 44
GLP-1 RA, % 3 4 4 19 15 8 3 14
AHTN, % 95 - 89 80 76 73 63 -
ARB/ACEI, % 81 80 144 72 67 64 56 74
Statin, % 77 75 71 68 68 63 65 82*

These studies differ in design, patient population, comparator and follow-up period, the table does not represent a direct H2H comparison between study results

ACEi angiotensin-converting-enzyme inhibitor; AHTN, arterial hypertension; ARB, angiotensin receptor blocker; CANA, canagliflozin; CKD, chronic kidney disease; CVD, cardiovascular disease;
CVD-REAL, CardioVascular events in Diabetes — Reduction of Events According to real Life data; CVOT, cardiovascular outcomes trial; DAPA, dapagliflozin; DPP-4i, dipeptidypeptidase-4 inhibitor;
EMPA, empagliflozin; GLP-1 RA, glucagon-like peptide receptor agonist; H2H, head-to-head; oGLD, other glucose-lowering drug; RWE, real world evidence; SU, sulphonylurea

1. Zinman B et al. N Engl J Med 2015;373:2117-28; 2. Neal B et al. N Engl J Med 2017;376:644-57; 3. Kosiborod M et al. Circulation. 2017;136(3):249-59; 4. Birkeland Kl et al. Lancet Diabetes
Endocrinol. 2017; 5:709-17; 5. Persson F et al. Diabetes Obes Metab. 2018;20:344-51; 6. Udell JA et al. Circulation. 2018;137:1450-59; 7. Kosiborod M et al. J Am Coll Cardiol. 2018;71:2628-39 24



What we know today
Side by side plot of the CVOTs and RWEs results

CVDREAL?

Hospitalization for Heart Failure

HR (95% CI)
P-value for
EMPA-REG OUTCOME —_— 0.65 (0.50-0.85) Database N #ofevents Skt HR (95%CI)
Korea 336,644 5149 - 0.87/(0.82,0.92)
CANVAS —_— 0.67 (0.52-0.87)
Japan 67,780 565 - 0.75(0.63,0.89)
* ‘
HHF Staild it 0.61(0.51-0.73) Singapore 2726 67 — 0.62(0.38,1.02)
CVD-REAL Nordic* —— 0.70(0.61-0.81) Israel 19,472 128 —— 053 (0.37,0.75)
CVD-REAL Nordic (DAPA vs DPP-4i)* —_— 0.62(0.50-0.77) e e @ e L)
Total 442,686 5997 - 0.64 (050, 0.82)
EASEL — 0.57 (0.45-0.73)
Heterogeneity p-value: p<0.001 Favor SGLT2i +——————— Favor oGLD
ITT, unadjusted analysis Hazard Ratio: 0.25 050 1.00  2.00
EMPA-REG OUTCOME —— 0.68 (0.57-0.82)
- P-value fi
. —— All-Cause Death
t t 959
CVD-REAL* | 0.49 (0.41-0.57) Database N # of events HR (95% CI)
ACD Korea 336,644 3445 L] 0.72(0.67,0.77)
CVD-REAL Nordic* —— 0.51 (0.45-0.58)
Japan 67,780 557 - 0.56 (0.47,0.67)
EASEL —— 0.57 (0.49-0.66) Israel 19,472 199 - 0.41(0.30,0.55)
Canada 16,064 261 —— 0.51(0.41,0.65)
Favors SGLT-2i +——————fm—eeey Favors comparator Australia 27,442 718 HH 0.32(0.27,0.38)
Hazard ratio: 0.2 1 2 Total 470,128 5216 —~ 0.51(0.37,0.70)
These studies differ in design, patient population, comparator and follow-up period. The graph does not represent a direct H2H comparison Heterogeneity p-value: p<0.001 Favor SGLT2i +———————> Favor oGLD

ITT, unadjusted analysis Hazard Ratio: 0.25  0.50 1.00  2.00

between studies. *On-treatment population. ACD, all-cause death; HR, hazard ratio; HHF, hospitalization for heart failure

1. Zinman B, et al. N Engl J Med 2015;373(22):2117-28 3.

Kosiborod M, et al. Circulation. 2017;136(3):249-59 5.
2. NealB, etal. N Engl J Med 2017;376:644-57 4.

Birkeland K, et al. Lancet Diabetes Endocrinol. 2017; 5(9):709-717 6.

Persson F, et al. Diabetes Obes Metab. 2017;1-8 7.

! ¢ ) Kosiborod M, et al.. J Am Coll Cardiol (in press). DOI: 10.1016/ 25
Udell JA, et al. Circulation. 2017; Nov 13 [Epub ahead of print]

jjacc.2018.03.009



Kaplan-Meier side by side plots from CVOTs and RWEs for all-cause death

EMPA REG Outcome!'
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1. Zinman B, et al. N Engl J Med 2015;373(22):2117-28
2. Neal B, etal. N Engl J Med 2017,376:644-57

Persson F, et al. Diabetes Obes Metab. 2017;1-8
Udell JA, et al. Circulation. 2017; Nov 13 [Epub ahead of print]
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Kaplan-Meier side by side plots from CVOTs and RWEs for HHF

EMPA REG Outcome! CANVAS?
79 Placeb -
o 87 Hazard ratio, 0.67 (95% CI, 0.52-0.87)
g 6 A
£ 5 6
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1. Zinman B, et al. N Engl J Med 2015;373(22):2117-28 3.  Persson F, et al. Diabetes Obes Metab. 2017;1-8 27

2. Neal B, etal. N Engl J Med 2017;376:644-57 4. Udell JA, et al. Circulation. 2017; Nov 13 [Epub ahead of print]



Stroke? Role of RWE in hypothesis generation

< CVDREAL"

Database N # of events HR (95% CI)

Korea 336,644 5972 . 0.82(0.78,0.86)
Japan 67,780 272 T 0.66 (0.52, 0.84)
Singapore 2726 34 = ] 0.34(0.15,0.75)
Israel 19,472 116 —a— 0.66 (0.47,0.94)
Canada 16,064 45 —LaG— 0.55(0.32,0.94)
Total 442,686 6439 - 0.68 (0.55,0.84)

ITT, unadjusted analysis

Hazard Ratio:

Favor SGLT2i < : » Favor oGLD

025 050 1.00 2.00

P-value for

SGLT2i vs. oGLD: p<0.001

Heterogeneity p-value: p=0.029
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Too Good To Be True?

CVDREAL

EDITORIAL

Reality and Truth

Balancing the Hope and the Hype of Real-World Evidence

Article, see p 249

[
Anushka Patel, MD, PhD

Laurent Billot, MRes

Comment I

SGLT2 inhibitors in the real world: too good to be true?

Despite recent therapeutic advances, type 2 diabetes
remains associated with a high incidence of premature
cardiovascular disease and reduced life expectancy.
Glucose lowering alone has not been shown to have
any short-term effects on cardiovascular disease. Until
recently, no individual glucose-lowering agent had been

95% Cl 0-69-0-87), cardiovascular mortality (053,
0-40-0-71), and all-cause mortality (0-51, 0-45-0-58), and
led to a 30% reduction in hospital events for heart failure
(0-70, 0-61-0-81). Non-fatal myocardial infarction and
non-fatal stroke were not reduced by SGLT2 inhibitors.
Notably, only 25% of participants in CVD-REAL Nordic

Lancet Diabetes Endocrinol 2017
Published Online

August 3, 2017
http//dx.doi.org/10.1016/
$2213-8587(17)30259-0

See Online/Artides
http//dx.doi.org/10.1016/
$2213-8587(17)30258-9
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Comparison of outcomes using SGLT-2is in CVOTs vs CVD-REAL 2

Data source Heart failure Myocardial
hospitalization infarction

RCT meta- 0.79(0.70-0.88) 0.67 (0.55-0.80) 0.84 (0.73-0.98) 1.03 (0.86-1.24)
analysis

Observational 0.51(0.37-0.70) 0.64 (0.50-0.82) 0.81(0.74-0.88) 0.68 (0.55-0.84)
data

“Each of the observational studies and clinical trials are informative and

valuable, and there are complementary but only trials tell the truth
about treatment effects.”

Values are hazard ratios (95% confidence interval) for each outcome, SGLT-2i vs placebo/alternative glucose-lowering therapy
McMurray JJV. J Am Coll Cardiol 2018;71:2640—42 30



Can we really “trust” effect seen in observational studies?

The New England Journal of Medicine

Special Articles

A COMPARISON OF OBSERVATIONAL STUDIES AND RANDOMIZED,
CONTROLLED TRIALS

KUeLL BENSON, B.A., AND ARTHUR J. HARTZ, M.D., PH.D.

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

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 |. HORwITZ, M.D.

...results of well-designed observational studies do not systematically overestimate the
magnitude of the effects of treatment as compared with those in randomized, controlled
trials on the same topic

Benson et al. NEJM 2000; 342:1878-1886. 2. Concato J et al. NEJM 2000; 342:1887-1892 31



However, in RCTs biases might still be there...

...hidden somewhere

Subversion Bias (poor concealment)

Technical Bias
Attrition Bias
Consent Bias
Ascertainment Bias
Dilution Bias
Recruitment Bias
Resentful demoralisation
Delay Bias

Chance Bias
Hawthorne effect
Analytical Bias

Schulz JAMA 1995;274:1456. Hewitt et al. BMJ 2005. Brown et al. Stats in Medicine, 2005,24:3715. Kinley et al., BMJ 2002 325:1323

Berger VW, Weinstein S (2004). Ensuring the Comparability of Comparison Groups: |s Randomization Enough? Controlled Clinical Trials 25, 515-524
Schor, S. (1971). The University Group Diabetes Program: A Statistician Looks at the Mortality Results. JAMA 217, 12, 1671-1675.

Altman, D. G. (1985). Comparability of Randomized Groups. The Statistician 34, 125-136.

Marcus SM (2001). Sensitivity Analysis for Subverting Randomization in Controlled Trials. Statistics in Medicine 20, 545-555.

Jordhoy, M. S., Fayers, P. M., Ahlner-Elmqvist, M., Kaasa, S. (2002). Lack of Concealment May Lead To Selection Bias in Cluster

Randomized Trials of Palliative Care. Palliative Medicine 16, 43-49.

Matts, J. P. and McHugh, R. B. (1983). Conditional Markov chain design for accrual clinical trials. Biometrical Journal 25, 563-577.

Berger, VW, Christophi, CA (2003). “Randomization Technique, Allocation Concealment, Masking, and Susceptibility of Trials to

Selection Bias”, JMASM 2, 1, 80-86.

Berger, VW (2004). “Selection Bias and Baseline Imbalances in Randomized Trials”, Drug Information Journal 38, 1-2.

Berger, VW (2005). Selection Bias and Covariate Imbalances in Randomized Clinical Trials, John Wiley & Sons, Chichester.

Berger, VW (2005). “Quantifying the Magnitude of Baseline Covariate Imbalances Resulting from Selection Bias in Randomized Clinical Trials” (with
discussion), Biometrical Journal 47, 2, 119-139.

Berger, VW, Exner, DV (1999). “Detecting Selection Bias in Randomized Clinical Trials”, Controlled Clinical Trials 20, 319-327.

Berger, VW (2005). “The Reverse Propensity Score To Manage Baseline Imbalances in Randomized Trials”, Statistics in Medicine 24

Berger VW. Selection Bias and Covariate Imbalances in Randomized Clinical Trials 2005: Wiley, Chicester.

Rosenberger WF, Lachin JM. Randomisation in clinical trials: Theory and practice. Wiley Interscience, 2002, John Wiley and Sons, NY
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Where is the “true” effect?
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Where to find the “true” effect of a treatment?

- )
Tr Ia Is BiolMed Central
Commentary Open Access
Against pragmatism: on efficacy, effectiveness and the real world
David M Kent* and Georgios Kitsios

 The main point we wish to emphasize is that while both types of trials yield useful information, pragmatic trials do

not provide a more accurate measure of the 'true’ treatment effect, since the concept of a true effect is
fundamentally illusory.

 While extrapolating the results of efficacy trials to the care of individual patients in the real world can be

problematic, and requires careful physician judgment and decision-making, the same is unfortunately true

for the results of effectiveness trials.

34



From “double blinded” RCT to the “real” clinical practice

DOUBLE BLIND STUDY...

WE HAVE $TUPIES OF FRUIT FLIES, MICE,
HAMSTERS, FROGS, MONKEYS AND MEN
WITH THIS CONPITION — BUT MEPICAL
RESEARCH USING WOMEN AS SUBJECTS

JUST NEVER OCCURRED To ANYBODY,

35



RCTs... it should not be an unconditional “trust”...?
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Be Evidence Based, however.... careful about being too much “blinded”...

The metaphor of the blind men (“scientists’) and the elephant

37



Levels of evidence and grades of recommendation:
in any case we need ‘well-conducted’ clinical trials and

Table 1—ADA evidence-grading system for “Standards of Medical Care in Diabetes” =—

Level of
Clear evidence from well-conducted, generalizable randomized controlled trials
Table 2. Oxford Centre levels of the evidence scheme®? that are adequately powered in cluding
’
e Evidence from a well-conducted multicenter trial

Level Description

1a Systematic review with homogeneitya of RCTs . . . . . )
16 Indhidual ROT wilh nawow I | ¢ Evidence from a meta-analysis that incorporated quality ratings in the
ic All or nong” analysi )
2a Systematic review with homogeneity of cohort studies B:Leval 2 or3 adequately powered, including
‘ 2b Individual cohort studyfjlow quality RCT (eg, < 80% f0||0'-':‘-up:| (provided studies are consistent; o Evidence from a well-conducted trial at one or more institutions
2¢c r AT, SOt SIS extrapolations from level 1 studies) e Evidence from a meta-analysis that incorporated quality ratings in the
3a Systematic review with homogeneity of casae-control studies analysis
3b  Individual case-control studies Supportive evidence from well-conducted cohort studies
4 Case series: poor quality cohort o case-control studies d e Evidence from a well-conducted prospective cohort study or registry

¢ Evidence from a well-conducted meta-analysis of cohort studies

5 Expert opinion omitting explicit critical appraisal (inchudes opin- [ Supportive evidence from a well-conducted case-control StUdy
on based upon physiology, bench research, or first principles |
ies from any level) o Evidence from observational studies with high potential for bias (such as
case series with comparison with historical controls)
*Froe of heterogeneity in directon and degree of resuts between indhvidud studies e Evidence from case series or case reports
*Met when all patients used %0 die before treatmenm became avalable, but now some survive. Or, met when some patients used 0 de but now all sunive Conﬂicting evidence Wlth the WEIght of evidence Supporting the

recommendation

E Expert consensus or clinical experience

UNaamapnns

@ CEBM _\ 4

Q - ~ - N UNNVERSITY OF
o CENTRE FOR EVIDEN BA MEDICINE OXFORD

Levels of Evidence (March 2009) www.cebm.net

ADA, American Diabetes Association; Cl, confidence interval; RCT, randomized controlled trial 38



RCT + RWE + NMA = A More Comprehensive Base of
Evidence

Reqistries « Real-life applied algorythms

) « Broader patients population
Cohort studies —* | « F-up according to local practice
Retrospective studies * Multiple active comparators

Meta-analyses of observational studies RS e L

Low-level of
evidence

RWE from clinical practice

- > Cumulative evidence on
time L | - cardiovascular effects of
I I - glucose-lowering medications
2007 2008 2016
RSG metanalyses Guidance for Industry 6 CVOTSs available ‘
High-level of
evidence
Phase II-lll trial metanalysis: compare SAVOR * Well controlled / designed
MACE incidence in investigational agent * Highly selected patients
versus placebo treated patients to show TECOS « Well documented
that the upper bound of the 2-sided 95% EXAMINE * Placebo-controlled
C.l.forRRis <1.8 * Regular follow-up
ELIXA
11 95% C.l. of RR is 1.3 - 1.8, a post-
marketing large trial will be necessary to EMPA-REG
show that the upper bound of the 2-sided LEADER
95% C.l. is <1.3

Fig. 2 The interplay between data derived from CVOTs and real world evidence for assessing the cardiovascular effects of glucose-lowering agents.
RSG rosiglitazone, CVOTs cardiovascular outcome trials, RWE real world evidence, RR risk ratio

.

A. Avogaro et al. Cardiovasc Diabetol (2016) 15:111
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Totality of evidence requires studies that complement

Non-randomised trials > < Prospective, observational

( Retrospective, observational

Clinical experience ]
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Then “re-thinking” about the need for CVOTs in T2D?...

Guidance for Industry

Diabetes Mellitus — Evaluating
Cardiovascular Risk in New
Antidiabetic Therapies to
Treat Type 2 Diabetes

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

December 2008
Clinical/Medical
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2018

Oct 25-26, 2018
FDA EMDAC Consultation Meeting:

Should an unacceptable increase in
cardiovascular risk be excluded for all
new drugs to improve glycemic
control in patients with type 2
diabetes, regardless of the presence
or absence of a signal for
cardiovascular risk in the
development program?

10 Yesvs 9 No
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...However...

| Hosp HF | 0.65

peath | 068 ¥

RANDOMIZED
controlled Trial Data

[
OQutcome | EMPA-REG CANVAS
Outcomes = 3
[ Z = (n=10,142;
i (n%7020; canagliflozin
Jempagliﬂozin) gliflozin)
= T

OBSERVATIONAL Data
(Propensity Score Adjusted)

CVD REAL ‘ CVD REAL 2
(n=309,086) | (n=470,128)

~5_% empagliflozin use.
majority was canagliflozin

NEJM 2015:373:2117-28 & 201

Circulation 2017 ,13€

42



Next Steps for the Real World Evidence Endeavour

“ ..traditional concepts of hierarchies
of evidence should be replaced by
instead selecting evidence based on
the research question”

“A need for regulators and health
technology assessment (HTA)
bodies to provide further clarity on
the acceptability of RWE and
provide guidance on where different
types of RWE might be applied to
assess safety, efficacy and
effectiveness”

Next steps for
using real world
evidence

Summary report of a FORUM follow-up
roundtable held on 24 January 2018

2 The Academy o

& Medical Sciences

P
Sl icen Research

.Association. | Symposium

WASHINGTON, D.C. - NOV 16 — 18, 2018

REGISTRATION OPEN!

REGISTER NOW

Use of Real-World Data to Improve the Prevention and Care of Diabetes-Related Outcomes
MNovember 16 - 18, 2018

Location

Washington Hilton Hotel

1919 Connecticut Avenue, NW
Washington, District of Columbia 20009

Academy of Medical Sciences. Next steps for using real world evidence, 2018. Available at: https://acmedsci.ac.uk/more/news/next-steps-for-using-real-world-evidence

(Accessed June 2018)

https://professional.diabetes.org/meeting/clinical-and-research-symposia/2018-research-symposium

43




CVD-REAL: in the literature

Review Diabetes EDITORIAL
The Cardiovascular Benefits Associated with

the Use of Sodium-glucose Cotransporter 2 Reality and Truth
Inhibitors - Real-world Data Balancing the Hope and the Hype of Real-World Evidence
DIABETES, OBESITY AND METABOLISM i

Sodium-glucose cotransporter-2 inhibitors and cardiovascular
REVIEW ARTICLE outcomes: insights from the CVD-REAL study

Marwan Saad'? L Anushka Patel, MD, PhD

Observational research on sodium glucose co- [ |
. o . s5%y  Journal of the American College of Cardiology
transporter 2 inhibitors: a real breakthrough?

Volume 71, Issue 22, 5 June 2018, Pages 2507-2510

Comment I

Emanuel Raschi, Elisabetta Poluzzi, Gian Paolo Fadini, Giulio Marchesini,

.. . Special Focus Issue: Cardiovascular Health Promotion . .

Fabrizio De Ponti i SGLT2 inhibitors in the real world: too good to be true?

Original Investigation

Despite recent therapeutic advances, type 2 diabetes 95% Cl 0.69-0-87), cardiovascular mortality (053,

high incidence of premature ~ 0.40-071), and all-c ty (0-51,0-45-058), and

nd reduced life expectancy. led to a 30% reducti events for heart failure
been shown to have (070, 0-61-0-81). yocardial infarction and

Editorial Comment

First published: 13 July 2018 | https://doi.org/10.1111/dom.13468 Prevention of Heart Failure With SGLT-2 Inhibition: | d
Insights From CVD_REAL * rc(e;ﬂy, no|nd|v|du.1lglu(om-lswil\:gﬂ;ge:ffadbccl; :Zl.;bl;cnly 25“:0( participants in CVD-REAL Nordic

Michael E. Farkouh MD, MSc = ® ¢ 2 & Subodh Verma MD, PhD ¢ ¢

“Large pharmaco-epidemiological research studies such CVD-REAL should be commended for advancing knowledge by
pooling such a large amount of prescription data and providing data on a heterogeneous cohort of patients with T2DM.
Overall, data from observational cohort studies are not only in agreement with those from RCTs, but also found a larger
benefit as compared to CVOTs in a population with lower CV risk. Notwithstanding these impressive results and sophisticated
statistical techniques, we cannot firmly conclude for a class effect yet, and uncertainty remains especially on safety issues

...the heterogeneity of cohorts stresses the importance of assessing patients for comparability before data pooling”

CV, cardiovascular; CVD-REAL, CardioVascular events in Diabetes — Reduction of Events According to real Life data; CVOT, cardiovascular outcomes ftrial;
RCT, randomized controlled trial; RWE, real world evidence; T2DM, type 2 diabetes mellitus 44



What Science Can Do... What RWE Can Do!

™ CVDREAL
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. CANTOS Diabetes
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CVD-REAL: Impact on Treatment Guidelines

™ CVDREAL

« CVD-REAL data incorporated in international guidelines
— HF guidelines in Japan'
— Diabetes guidelines in Taiwan? Singapore® and Denmark®

» Being included in various documents that are currently in development
— AHA
— ACC
— ADA
— Others

* Interest from major payers in US, EU, and Asia

ACC, American College of Cardiology; ADA, American Diabetes Association; AHA, American Heart Association; HF, heart failure

1. Guidelines for Diagnosis and Treatment of Acute and Chronic Heart Failure (JCS 2017/JHFS 2017) http://www.j-circ.or.jp/quideline/pdf/JCS2017_tsutsui_h.pdf
2. Chiang et al. Journal of the Chinese Medical Association 81 2018:189-222

3. Appropriate care guide for Oral glucose-lowering agents in type 2 diabetes mellitus — an update — July 2017

4. Farmakologisk behandling af type 2-diabetes 2018. https://vejledninger.dsam.dk/media/files/4/quidelines-2018-final.pdf
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CVD-REAL: Future Directions

Y CVDREAL

* Drilling down for answers
« Laboratory data
— eGFR
* Imaging data
— LVEF
* New countries being added (Finland, Taiwan, Spain, Portugal, ...)

* Potential ability to examine epidemiologic trends in the adoption of T2D therapies, use in clinical practice, and
associated outcomes

— Across geographic regions oo
— Temporal trends T - 5 g

« Potential ability to monitor safety : @
— Across classes and specific agents

CVD-REAL
CVD-REAL?

eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction. Adapted from www.cvdreal.com. Last accessed 26" September 2018 47




Easy to Navigate the Real World Evidence Sea?

* Yes
— with specific expertise and caution... &... full understanding of what we are talking about...&

— ...keeping always a “fair and balanced” mindset and interpretation of the results!
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