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EVERY decision maker in healthcare wants the best
evidence possible

YET, most operate under constraints that make them
willing to compromise

2024 Harvard Medical / Brigham Division of Pharmacoepidemiology



@ Approved drugs using RWE as “supporting evidence” (FDA)

Carbaglu NAGS deficiency 2010 Retrospective, non-random, unblinded case series of 23

(carglumicacid) patients compared to historical control group

Blincyto Acute Lymphoblastic 2014 Single-arm trial, Reference group weighted analysis of patient

(Blinatumomab) Leukemia level data on chart review of 694 patients at EU and US study
sites

Omegaven (fish Parenteral nutrition 2018 Two single-arm trials, matched to historical control arm from

oil triglycerides) associated cholestasis hospital record

Ibrance Male breast cancer 2019 Data from electronic health records and post-marketing

(palbociclib) reports of the real-world use of IBRANCE in male patients

Voxzogo Achondroplasia 2021 Observational, retrospective AchNH registry served as

(vosoritide) external patients 2+ years control to two small supportive
Phase |l studies

Orencia Prophylaxis of acute graft 2021 Registry-based clinical study using real world data from the

(abatacept) versus host disease Center for International Blood & Bone Marrow Transplant
Research

4 Concato, Currigan-Curay NEJM 2022 2024 Harvard Medical / Brigham Division of Pharmacoepidemiology



€.J Prograf: RWE as “substantial evidence” (FDA)

Carbaglu NAGS deficiency 2010 Retrospective, non-random, unblinded case series of 23

(carglumicacid) patients compared to historical control group

Blincyto Acute Lymphoblastic 2014 Single-arm trial, Reference group weighted analysis of patient

(Blinatumomab) Leukemia level data on chart review of 694 patients at EU and US study
sites

Omegaven (fish Parenteral nutrition 2018 Two single-arm trials, matched to historical control arm from

oil triglycerides) associated cholestasis hospital record

Ibrance Male breast cancer 2019 Data from electronic health records and post-marketing

(palbociclib) reports of the real-world use of IBRANCE in male patients

Voxzogo Achondroplasia 2021 Observational, retrospective AchNH registry served as

(vosoritide) external patients 2+ years control to two small supportive
Phase Il studies

Orencia Prophylaxis of acute graft 2021 Registry-based clinical study using real world data from the

(abatacept) versus host disease Center for International Blood & Bone Marrow Transplant
Research

Prograf Prevention of organ 2021 Non-interventional treatment arm vs. historical controls using

(Tacrolimus) rejection after allogenic registry of transplant recipients

lung transplantation

5 Concato, Currigan-Curay NEJM 2022 2024 Harvard Medical / Brigham Division of Pharmacoepidemiology



FDA self-described RWE use case for effectiveness claims

When can real-world data generate real-world evidence?

Motiur Rahman® | Gerald Dal Pan? | Peter Stein® | Mark Levenson® |
Stefanie Kraus® | Aloka Chakravarty® | DonnaR.Rivera’ | Richard Forshee®
John Concato*?

e Purposes of Using RWD/RWE as Part of the Submission (select all
that apply)

° To support safety and/or effectiveness for a product not
previously approved by FDA

° To support labeling changes for an approved product, including
- Add or modify an indication
- Change dose, dose regimen, or route of administration

- Expand the labeled indication of the product to a new
population

- Add comparative effectiveness information
- Add or modify safety information
- Other labeling change—specify

° To support or satisfy a PMR/PMC

Pharmacoepi Drug Safety 2023 2024 Harvard Medical / Brigham Division of Pharmacoepidemiology



@ Causal study designs: Contemplate the target trial

Parallel group RCT

Washout, run-in period

w/o study drug use
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v
AN

Comparator (or placebo)

Key difference to RCT #1.:

Cohort study
Ecusion eriod o woes | NO DAsSelIne randomization

Key difference to RCT #2:
emprater | S@cONdary data




FDA submission using an external control arm:

Blincyto (blinatumomab) for treatment of adult relapsed/refractory acute
lymphoblastic leukemia (ALL)

GOAL
In patients with ALL obtain a relative measurement of complete remission and overall

survival between blinatumomab and standard of care.

SINGLE ARM TRIAL
189 patients with Ph-negative, B-precursor R/R ALL enrolled in the single-arm trial
exposed to blinatumomab.

EXTERNAL CONTROL ARM
Individual patients from six national study groups and and five large treatment centers
with Ph-negative, B-precursor R/R ALL treated with standard of care.

Sources: FDA's NDA/BLA statistical review

Gokbuget N, Kelsh M, Chia V, et al. Blinatumomab vs historical standard therapy of adult 2024 Harvard / Brigham Division of Pharmacoepidemiology
relapsed/refractory acute lymphoblastic leukemia. Blood Cancer J. 2016



@ Causal study designs: Contemplate the target trial

Parallel group RCT

Washout, run-in period
w/o study drug use

Exposed
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r N\

e A IS

v
AN

Comparator (or placebo)

Single arm trial (SAT): Always primary data

—V 2777277777

Experimental drug

External ctrl arm (ECA): Usually secondary data

—Y 777

Relevant comparat

JKey difference to RCT

| Differential data source

3:
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Ability to measure key covariates and outcomes

EXTERNAL
OUTCOME CONTROL ARM
Complete remission(CR) V4 v
Overall Survival (OS) V4 V4

EXTERNAL
VARIABLE CONTROL ARM
Age
? v v
Gender
v v
Duration between
initial diagnosis and J V4
salvage therapy
Region
v v
Prior allogeneic stem J v
cell transplant
Prior number of
salvage therapies v v
Primary refractory
and in first salvage v VA
therapy
Refractory to last
; J v

salvage therapy

Source: FDA’s NDA/BLA statistical review; Gokbuget et al.

“Per medical reviewer, the 2 stratification factors (age and prior
lines of treatment) are the two most important factors that could
be related to the CR outcome.” - FDA Statistical Review

2024 Harvard / Brigham Division of Pharmacoepidemiology



@ RWD to build external control groups

103; £0 jmt
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ADMINISTRATION MT103-203 (TRT) and

%, 7 U.S. FOOD & DRUG PS-IPTW weighted studies
" 20120148 (CTRL) ‘ ORIGINAL ARTICLE

ODAC Briefing Document

Blood Cancer Journal Blinatumomab versus Chemotherapy

Blinatumomab vs historical standard therapy of adult relapsed/

A 4 h 1 11 - -
refractory acute lymphoblastic leukemia for Advanced . ic Leukemia
N Gokbuget', M Kelsh?, V Chia?, A Ad‘vani’, R BaS§an‘,. H Dombret®, M Doubek"_, AK Fieldin_g’, S Giebel®, V Haddad",‘D Hoelzer', » TOW E R .

C Holland'®, N Ifrah'’, A Katz?, T Maniar'?, G Martinelli'®, M Morgades', S O'Brien'*, J-M Ribera'®, JM Rowe'®, A Stein'’, M Topp'®, Hagu P Kanta rjian, M Gokbuget, M.D.,
M Wadleigh'® and H Kantarjian'®
Overall survival Overall survival
HR = 0.61 (0.40-0.94) HR =0.71 (0.55-0.93)
1.0 E L0
_ =3 |
= oe @ Blinatumomab
= = o
ﬁ 0.6 2 06 Blinatumoman
E E 05
g 0.4 _g-.. 04+
5 = o
7)) 0.z _E 0.2 |J.J
Chemotherapy from EHR data 2 Chemotherapy
0.0 W1
Blinatumomakb e =T o e 0 3 6 % B B U u
11 contro 17 = =} 1= ) =]

a 25 Months Months since Randomization



Why was this a successful use case for an ECA?

Well-defined natural v ALL is well understood
history
Objective endpoint v Well-defined outcomes by standard criteria for CR as

bone marrow blasts < 5%; overall survival

Patient comparability = v Drew a very large sample of patients (~2,400) and was
able to closely mimic trial eligibility criteria

Good confounder v Key confounders measured: Early engagement with
measurement FDA resulted in confirmation of confounder adjustment
Large effect size v ECA demonstrated a substantial benefitin CR:

(SAT CR 42% [34-49%]; ECA CR 24% [20-27%])

Sources: FDA's Demonstrating Substantial Evidence of Effectiveness for Human Drug and Biological Products
Guidance for Industry and Guidance for Industry on Choice of Control Group and Related Issues in Clinical
Trials. EMA's ICH Topic E. 10


https://www.fda.gov/media/133660/download
https://www.fda.gov/media/71349/download
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e-10-choice-control-group-clinical-trials-step-5_en.pdf

@ External control arms (ECAs) for single arm trials

a5 g
5

13

SAT

* Consent
* Washout
* Run-in

A

100

Experimental drug

eeees—————  Prima ry Data

2024 Harvard / Brigham Division of Pharmacoepidemiology
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design

Consent
Washout
Run-in

Experimental drug

eeees—————  Prima ry Data

meaesssssss—s FHR Data
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Fitness of real-world data for clinical

@ E H R d ata a re Ofte n | nCO m p I ete trial data collection: Results and
lessons from a HARMONY Outcomes
ancillary study

{G0¢ et

> Measure Sensitivity Specificity
o Bradley G Hammill"'2(3, Jeffrey D Leimberger', Zachary Lampron',
Sudha R Raman2,4Emin'C o'Brien':’, Kee:l'e E \{Vurst’, .
Demographics ::lc:yl-:s(ll:;lﬁaé:llft i,r’ll‘jlz'a,rra,nne Cunnington”, Salim Janmohamed
Female sex 100 (79—100) 100 (93—100)
White race 80 (67-90) 100 (77-100)
African American race 92 (62-100) 100 (94-100) Many standard EHR systems are not

Hispanic ethnicity*
Medical history
Myocardial infarction

0 (0-84 79 (67-88
% capturing what we measure in RCTs
24 (11-40) 94 (79-99)

Coronary artery disease 49 (36-63) 80 (44-98)
Stroke 44 (14-79) 100 (94-100)
Transient ischemic attack 0 (0-84) 100 (95-100)
Carotid artery disease 0 (0-71) 99 (92-100) Note:
Heart failure 53 (27-79) 96 (87-100) iy
Valvular heart disease 67 (9-99) 94 (85-98) Se_nSItIVIty <_1 m.eans t_he EHR data So_urce
Atrial fibrillation 56 (21-86) 97 (89—100) misses medications dispensed to patients.
Hypertension 55 (42-67) 100 (48—100)
Hyperlipidemia 49 (36-62) 50 (16-84)
Diabetic eye disease 50 (12-88) 95 (87-99)
Diabetic neuropathy 41 (24-61) 83 (67-93)
Medications
ACE inhibitor 32 (18-48) 100 (88—100)
Angiotensin receptor blocker 33 (13-59) 96 (87—-100)
P2Y 12 inhibitor 52 (31-72) 100 (92-100)
Anti-hyperglycemic medication 46 (34-59) NA
DPP-IV inhibitors 33 (8-70) 83 (72-92)

15 Table 2. Performance of baseline charaMrived from EHR data compared to the trial database. / grisham Division of Pharmacoepidemiology



design

N
* Consent
* Washout
* Run-in
Experimental drug — Primary Data
memsss————— FHR Data

[ |
e i N
N l
I Exact and
I score matching
I
I
QESOO EHR Comparator
ECA
\ Y
16 SAT = single arm trial; ECA = external control arm; ICA = internal control arm;

EHR = electronic health record; RWE = Real-world evidence study 2024 Harvard / Brigham Division of Pharmacoepidemiology



@ Measurement calibration in practice

These are the same
patients in the SAT

Pre-exposure Primary data EHR data
characteristics from SAT from SAT
N (hypothetical) 100 100
Severity marker A (mg) 100 mg 80 mg
% missing 1% 30%

Severity marker B (%) 50% 30%
Severity marker C (%) 20% 15%
Comorbidity A (%) 30% 40%
Comorbidity B (%) 20% 10%
Medication A (%) 20% 15%
Medication B (%) 20% 10%

SAT = Single Arm Trial; ECA = External Control Arm
1r Note: This table only addresses the measurement issues 2024 Harvard Medical / Brigham Division of Pharmacoepidemiology
and not unobserved confounding



@ Measurement calibration in practice

103; £0 jmt
— These are the same

patients in the SAT

Primary data EHR data EHR data
from SAT from SAT from ECA

Pre-exposure
characteristics

N (hypothetical) 100 100 500

Severity marker A (mg)
% missing

100 mg 80 mg 80 mg
1% 30% 30%

50% 30% 30%
20% 15% 15%
30% 40% 40%
20% 10% 10%
20% 15% 15%
20% 10% 10%

Severity marker B (%)

Severity marker C (%)
Comorbidity A (%)
Comorbidity B (%)
Medication A (%)
Medication B (%)

These are equal patients in

_ _ SAT and ECA, not same
SAT = Single Arm Trial; ECA = External Control Arm
18 Note: This table only addresses the measurement issues

and not unobserved confounding

2024 Harvard Medical / Brigham Division of Pharmacoepidemiology



@ Measurement calibration in practice

These are the same
patients in the SAT

Primary data EHR data EHR data
from SAT from SAT from ECA

Pre-exposure
characteristics

N (hypothetical) 100 100 500

Severity marker A (mg)
% missing

100 mg 80 mg 80 mg
1% 30% 30%

50% 30% 30%
20% 15% 15%
30% 40% 40%
20% 10% 10%
20% 15% 15%
20% 10% 10%

Severity marker B (%)

Severity marker C (%)
Comorbidity A (%)
Comorbidity B (%)
Medication A (%)
Medication B (%)

These are equal patients in

_ _ SAT and ECA, not same
SAT = Single Arm Trial; ECA = External Control Arm
19 Note: This table only addresses the measurement issues

and not unobserved confounding

2024 Harvard Medical / Brigham Division of Pharmacoepidemiology
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design

Table: Distribution of patients in each arm (hypothetical)

Calibration | Hybrid E2E
RCT extra- Efficient E2E evidence
polation to | trialdesign | development
clinical system
Arm practice
Experimental arm 100
* Consent
ICA 0
* Washout
* Run-in ECA 500
AL _
. Experimental drug
7777777 100
[ |
e i ™
|
I
Calibrate l Exact and'
baseline PS matching
measurements |
[
EHR Comparator
ECA
\ /

SAT = single arm trial; ECA = external control arm; ICA = internal control arm;
EHR = electronic health record; RWE = Real-world evidence study

Schneeweiss S. CPT 2024

2024 Harvard / Brigham Division of Pharmacoepidemiology




€.J  ECAhybrid design

Table: Distribution of patients in each arm (hypothetical)

LS

SAT = single arm trial; ECA = external control arm; ICA = internal control arm;

EHR = electronic health record; RWE = Real-world evidence study
21

Tan WK, et al. Contemp Clin Trials Commun 2022; Schneeweiss S. CPT 2024

Calibration | Hybrid E2E
{0; 50 B8t RCT extra- Efficient E2E evidence
-{)il; 5 polation to | trialdesign | development
T:’r clinical system
p " Arm practice
SAT . Experimental arm 100 100

« Consent Experimental drug - - -

* Washout

. i _ ECA 500 500

S Randomized TRT
efficacy estimate
(underpowered)
| Under-powered ECA Treatment effect
| internal ctrl arm estimate (adequately
L [ ) powered)
( N
Calibrate | Exactand
baseline | PS matching
measurements |
500] EHR Comparator
ECA

2024 Harvard / Brigham Division of Pharmacoepidemiology




@ Efficacy to Effectiveness (E2E) system

SAT
* Consent
* Washout
* Run-in

Experimental drug

Randomized TRT
efficacy estimate

(underpowered)

Under-powered
internal ctrl arm

Calibrate
baseline
measurements

ECA

LS

| Exact and

| PS matching

1000} EHR Comparator

Table: Distribution of patients in each arm (hypothetical)

Calibration | Hybrid E2E
RCT extra- Efficient E2E evidence
polation to | trialdesign | development
clinical system
Arm practice
Trial Experimental 100 100 100
ICA 0 30 30
ECA 500 500 1000
ECA Treatment effect
estimate (adequately
powered)
e )
New drug
/ Non-randomized
S effectiveness
estimate
Comparator
>
RWE
L

SAT = single arm trial; ECA = external control arm; ICA = internal control arm;

EHR = electronic health record; RWE = Real-world evidence study

22

Schneeweiss S. CPT 2024
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Building a RWE value chain

. Launch
[ | ] IV

BoD, NH RCT efficiency Model prediction of RWE
ECA Value demonstration
Linkage Extrapolation to clin practice Supplemental indications
Safety background rates PMR, safety requirements

BoD = Burden of disease; NH = Natural history; ECA = External control arm, incl. calibration and hybrid designs;
PMR = post marketing requirement

23

Schneeweiss S. CPT 2024



What can we do?

a5 g

&)

o Anchor RWE in Integrated Evidence Plans
e start even before Phase 1

o Think about your ECA when you plan the SAT - ECA as
afterthoughts are more likely to fail

o Base RWE communication in Target Trial language

o Keep in mind: Regulatory openness # lower standards

2024 Harvard Medical / Brigham Division of Pharmacoepidemiology
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Emulating Randomized Clinical Trials With
Nonrandomized Real-World Evidence Studies

First Results From the RCT DUPLICATI

BACKGROUND: Regulators are evaluating the use of noninterv
world evidence (RWE) studies to assess the effectiveness of med
The RCT DUPLICATE initiative (Randomized, Controlled Trials Du
Using Prospective Longitudinal Insurance Claims: Applying Techr|
Epidemiology) uses a structured process to design RWE studies
randomized, controlled trials (RCTS) and compare results. We reg
the first 10 trial emulations, evaluating cardiovascular outcomes|
or antiplatelet medicatigns.

METHODS: We selected 3 active-controlled and 7 placebo-conf
replication. Using patient-level claims data from US commercial
payers, we implemented inclusion and exclusion criteria, selecte]
points, and comparator populations to emulate these of each

RCT. Within the trial-mimicking populations, we conducted prof
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inform regulatory and coverage decisions
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Conducting Real-world Evidence Studies on the
Clinical Outcomes of Diabetes Treatments

Sebastian Schneeweiss' and Elisabetta Patorno’

Healthcare records are entered as
they arrive, sorted by service date.

L Ll

Real World Evidence studies

A transactional database records
a stream of healthcare records in
calendar time for all enrolled
patients: e—

" 20 Joday

T
1172018 1172019

All patient-level encounters
are arranged longitudinally

Gy 1, 2020 1 ‘I Janl
A causal study design is
implemented in event time
anchored at the cohort
entry date

Validated software ensures
transparency and -

= = < 002

reproducibility of study > > g .% GLP-1 RA
implementation S 001

. T 2 s00 Canagliflozin
Causal effect estimates are == - 23 s 0w e 1100
derived after propensity l = l( T 2 < - B e e e
score matching and other = 0 6 12 18 24
techniques of balancing —— S ——— S S Months

treatment groups

© 2021 ENDOCRNE SOCETY

25 Endocr Rev. 2023 Sep 28;42(5):658-690.

ESSENTIAL POINTS

® Real-world evidence (RWE) uses electronic data generated by the routine operation of the healthcare system to
estimate the effectiveness of medical products in clinical practice

* RWE is increasingly considered in medical decision-making and complements the findings of treatment efficacy
that we derive from randomized trails

* Contemplating the target trial that we would like to do and then emulating this trial with real-world data provides
clarity in study design and helps avoid biases

® The underlying data need to be fit-for-purpose to answer the specific question at hand

® The new-user, active-comparator cohort design has demonstrated its usefulness in RWE studies in diabetes,
including the reproduction and prediction of randomized trial findings

® Propensity score matching is a useful analytic approach to adjust for many patient characteristics in the absence
of baseline randomization

* Transparency in the conduct and presentation of RWE studies is critical to allow reviewers to evaluate the study
validity and have confidence in their decision-making

2024 Harvard Medical / Brigham Division of Pharmacoepidemiology
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