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The RCT is dead ...

Long live the RCT!

Evidence-based medicine

Archie Cochrane

“Doctors must base what they do on
randomized clinical trials (RCTs)”
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The Goldilocks problem ...

*Too narrow
* Cherry-picked population
* Not the real world

«Too broad - AN
* Average, not individual, treatment effects _ /z
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Parallel universes...

Clinical care Clinical research

Enter the era of digital medicine




‘Big Data’ clinical decision support

‘Cancer patients
e.g. colon cancer

Blood, DNA, RNA, Urine, and tissue analysis
157
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Evidence Generator Report Card

‘Big Data’

Analytics
Leverage the EHR -
Low incremental costs

Offer ‘live’ tailored options
Robust causal inference
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Oops, Google flu gets it wrong

Google starts estimating
high 100 out of 108 weeks

A,

07/01/12 07/01/13

Google Flu Trends

correlation, not causation G:‘jagle

How can we make RCTs better?

*Smarter
* Give personalized answers
* Consider multiple treatment options

*Safer
* Lower chance of getting bad treatment options
* Better odds IN the trial than OUT of the trial



Point-of-care (POC) Clinical Trials

* EHR ‘clinical moment’ alerts trial machinery

*VA EHR

* In-patient diabetics with poor glucose control
* Fiore et al. Clinical Trials 2011

* Targeting the large ‘pragmatic’ trial arena

¢ 2 thiazide diuretics in >13k high BP Veterans
* 2 aspirin doses in 20k CVD patients (ADAPTABLE) (PCORI)

Evidence Generator Report Card

POC

Leverage the EHR

Low incremental costs
Real-world ‘effectiveness’
Consider multiple therapies
‘Personalized’ estimates
Offer ‘live’ tailored options

Robust causal inference
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Adaptive Platform Trials

Randomized controlled trials

Adaptive
trials

Master
protocols

Adaptive
platform
trials

* Typically, have focused on pre-approval space
* Emphasis on efficiency with (very) small sample sizes
« Different therapies ‘graduate’ to next phase while trial continues

Woodcock and Lavange. NEJM 2017
Adaptive Platform Trials Coalition. Nature Drug Discovery 2019

New Breast Cancer Results Illustrate Promise and

Potential of I-SPY 2 T'rial
Trial Identifies Breast Cancer Patients Likely to Benefit from Experimental Drug

By Elizabeth Fernandez on April 07, 2014

I-SPY 2 is an Innovative public-private collaboration that combines Personalized
Medicine & Novel Trial Design to develop new cancer treatments much faster and
for much less cost
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Response-adaptive randomization

Update and apply
longitudinal model

~
Update predictive probability for
Update patient each experimental regimen

outcome data vs. control in phase 3 trial
/ for each biomarker signature .
New patient enrolled; Randomly assign to /
PRI b i Termination

| group Trial

assessed or control group rule per group
!
\ Continue

For each experimental

group, determine Add new experi-
adaptive randomi- Update probability mental groups if
zation probability in each experi- enrollment permits

within each subtype >~ mental gr;:?p
vs. control for

each subtype

Rugo et al. NEJM 2016

The traditional RCT ...

Patients with Treatment — ‘A’
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The traditional RCT ...

Patients with Treatment Follow-up
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At the end, >99% sure that A > B
What about in the middle?

A planned trial of A vs. B in 400 patients

After 40 enrolled ...

Dead

# of IIIII
patients 20- [:::::J

A B

The probability that A > B = 78%
Start randomizing MORE patients to A than B ...
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After 80 patients...

40-

# of
patients

e

il

A B

Now, the probability that A > B =99.9%
Stop the trial!

Caveats

1. If the ‘second’ 40 was flat or opposite direction ...
* Trial continues and the next ‘bet’ swings back closer to 50:50

2. When 2 groups, power driven by the smaller group

*So, NOT very helpful if ...
* Single homogenous cohort
* Two arms

* But, becomes VERY interesting when ...
* Multiple arms
* Multiple subgroups
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Response-adaptive randomization

e
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Randomization rule Statistical model

Response-adaptive randomization

Odds weighted
towards best RX

Randomization rule Statistical model
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Response-adaptive randomization

New arms
activated

Ly
A =

Randomization rule Statistical model

Response-adaptive randomization

Or dropped

‘ (s,
A 4=

Randomization rule Statistical model
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Response-adaptive randomization

Different weights

for different @
patient groups St
A
B
C

L St
W

Adaptive platform trials ...

*Smart
* Consider many different treatment options
*Vary the options depending on the patient

- Safe
* Probably ‘play’ what is probably the ‘winner’
* On average, safer ‘in’ the trial than out of it ...

Randomized controlled trials

Adaptive
platform
trials
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Evidence Generator Report Card

Platform
LELS

Leverage the EHR

Low incremental costs
Real-world ‘effectiveness’
Consider multiple therapies
‘Personalized’ estimates
Offer ‘live’ tailored options

Robust causal inference

Evidence Generator Report Card

POC

~J
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Trials Trials

Leverage the EHR

Low incremental costs

Real-world ‘effectiveness’
Consider multiple therapies
‘Personalized’ estimates
Offer ‘live’ tailored options

Robust causal inference
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RANDOMIZED
EMBEDDED
MULTIFACTORIAL
ADAPTIVE

PLATFORM

22/10/2019

Allow CAUSAL inference

Align with care; leverage the EHR

ImtipIReatEntM SUA)UFP
Match odds of success to odds of assignment

Perpetual enrollment; continuous learning

Angus DC. JAMA 2015
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REMAP-CAP

Randomized, Embedded,
Multifactorial Adaptive Platform
trial for Community-Acquired
Pneumonia

* Severe community-acquired pneumonia (CAP)
* #1 cause of death and disability worldwide

* Simultaneously test

* Anti-microbial strategies

* Immune therapies

* Ventilation strategies

&

REMAP-CAP

Randomized, Embedded,
Multifactorial Adaptive Platform
trial for Community-Acquired
Pneumonia

« Patients preferentially assigned to best performing arm

* Allocation is random, but NOT 50:50

* Not a guinea pig!

* Embedded

* |CU admission orders
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* Domain — an area where a question is asked ...
* Domain #1 — choice of antibiotic
* Domain #2 — whether to give steroids or not

REMAP-CAP elements

* Domain #4 — choice of ventilator strategy

* Etc. ....

* Intervention

* Any option within a domain ...

* Regimen

* Unique combination of interventions within a domain ...

e Stratum

* Baseline subgroup
* Ex. shock or not

Multifactorial intervention assignments

Regimen = set of domain-specific interventions
Effect of an intervention is conditional upon

e Stratum
* |Interventions within other domains
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REMAP-CAP closer to real care decisions ...

* Should my severe CAP patient receive IV hydrocortisone?

* Depends on whether
* shock is present
* underlying cause is viral or not
* an anti-viral is being administered
* other strategies are being used that may minimize lung injury

* Separate probability estimate for each consideration ...

* Trial enrolls until a predefined level of certainty
* As soon as one question hits threshold, answer is announced

Run the trial ‘in silico’ ahead of time....

Virtual Execution
Subjects Variables
Observe
A single

trials

Domain1 Domain2 Domain3
'BH B

-— Statistical Model
Operating
Characteristics

* Monte-Carlo simulations
* Run 1,000s of times under different scenarios
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Scenario #1: 2 of 8 regimens are best

‘True’
mortality

Prob Death

0.10 0.20 0.30 0.40

Scenario #1: 2 of 8 regimens are best

‘True’
mortality

Average results
from 1,000s of
simulations

Prob Death

Sample Size
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UPMC REMAP to optimize ERAS

* Enhanced Recover After Surgery (ERAS) widely promoted, but ...
e Little RCT evidence
* When you’ve seen one ERAS ...
* 8 separate domains
* Pre-op oral fluids
* Pre-op nausea and vomiting prophylaxis
* Intrathecal and/or peripheral blocks
* Etc., etc.
* 1,712 recipes!
* At UPMC
* 300,000 surgical procedures per year

* Launching an entire REMAP around peri-operative care
* Embedded random Cerner Powerplans

Ok, but ...

* EHR data quality

* Institutional commitment

* Ethics

* Statistics and design

* Reporting and dissemination of results
* Funding

* Oversight

* Integration with other clinical research programs

22/10/2019
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Conclusions

* RCTs remain our strongest ‘truth’ finder
* But, current RCT enterprise LETS US DOWN

* ‘Big Data’ should not be cast as an alternative to the RCT
* This is a false choice

* Instead, the digital age enables novel RCTs designs
* Smarter and safer

Self-learning healthcare is ...

fused care and research
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Thank you!

Berry Consultants
* !::E Statistical Innavalion
A N Z I CS Clinical Trials Group University Medical Center

Utrecht
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