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Statistics Boost Standard Series (since 2022)

To upskill the entire organization on statistical methodology relevant to drug development.

go.roche.com/statsboost: past recordings and subscription information

Upcoming sessions (1h/month)

Survival analysis — non-proportional hazards
Statistics in early development and dose finding
Statistics in early oncology development
Futility interim analyses: Why, how, when?
Efficacy interim analyses: Why, how, when?


https://go.roche.com/statsboost

Statistics Boost Advanced (New)

To upskill statisticians on statistical methodology relevant to drug development.

PD connect post with all infos

Upcoming sessions (1h/month)

Group-sequential trials - Inference after stopping and hierarchical testing
(Schedule for 2025 to be announced)


https://pharma.roche.com/pd/post/subscribe-to-statistics-boost-advanced-a-new-series-1-hour-month/
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m  What does it mean to power a study at
80%°?
Today’s program
y ‘ m If astudyis powered at 80%, what are
If our Ph3 studies are powered at 80%,
why aren’t we seeing 80% success
rates?”

the chances of it turning out positive?

m How can we increase Ph3 PTS?




m  What does it mean to power a study at

80%?
Today’s program

“If our Ph3 studies are powered at 80%,
why aren’t we seeing 80% success
rates?”




Power \

“How often do we claim drug works if in population it does?”
)

“The probability of observing an estimated treatment effect that is
statistically significant... given a particular true treatment effect.”

J




Why do we conduct clinical trials?

“Does drug A work Trial

. . ” ) ) Data
in population X? Experimentation

Inferential Statistics

(probabilistic statements involving uncertainty/variability)



Why do we conduct clinical trials?

Trial
Experimentation

“Does drug A work
in population X?”

Study design:
Enables inference by asking, “If
[condition] and we do [action],
then [probabilistic result].”

Data

10



GYM329 in obesity

GYM329 as an add-on therapy to incretins

Proposed Ph3 trial design?

Efficacy analysis: Percent body weight loss at 1y

Sample size: 104 patients?, randomized 1-to-1

Significance level: one-sided 2.5% e

“Study is powered at 80% to detect a 5.0% loss”

“An observed treatment effect of 3.5% loss or more may
be deemed statistically significant”, i.e., the minimum
detectable difference (MDD)

Modified for the purpose of this presentation

2Assumes a standard deviation of 9% in both arms



What Ph3 treatment effect might we observe under the null

hypothesis of ineffective treatment?

Sample size: 104 patients
True treatment effect = 0.0% loss

Density

e Most likely

Likely

/

Less likely

-5 0 5 10
Observed treatment effect

[

b
<

Variability/uncertainty due
to finite sample size

True treatment
effect

— 0
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Critical value

Result for which trial will just be statistically

significant

= Significance level: critical value on the p-
value scale (e.g., one-sided 2.5%)

s False positive rate: “If, applied to
the entire patient population,
incretintGYM329 results in 0.0%
body weight loss at 1y, then our
Ph3 trial has a 2.5% chance of
achieving statistical significance”

Density

2.5%

m Driven by health authority 5 0

-

Observed treatment effect

True treatment
effect

0
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Critical value

Result for which trial will just be statistically

significant Statistically not BE Statistically
= Minimal detectable difference (MDD): significgnty o, significant
critical value on the treatment effect \ &
Si
scale (e.g., 3.5% loss) _ e reatment
= Recommend aligning with MVP - : il
o) : _— 0
“So what?” scenario |
ki 2.5%
G

-5 0
Observed treatment effect
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Power

Probability of observing an estimated
treatment effect that is statistically
significant (i.e., meets the MDD) ... given a
particular true treatment effect

“If, applied to the entire patient population,
incretintGYM329 results in 5.0% body
weight loss at 1y, then our Ph3 trial has an
80% chance of achieving statistical
significance (i.e., observing a treatment
effect > 3.5% loss)”

Density

0 5 10
Observed treatment effect

[

<

Variability/uncertainty due
to finite sample size

True treatment
effect
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Today’s program

“If our Ph3 studies are powered at 80%,
why aren’t we seeing 80% success
rates?”

If a study is powered at 80%, what are

the chances of it turning out positive?



Power

“If, applied to the entire patient population,
incretintGYM329 results in 5.0% body
weight loss at 1y, then our Ph3 trial has an
80% chance of achieving statistical
significance (i.e., observing a treatment
effect > 3.5% loss)”

But we don’t know what the true treatment
effect is!

What if the true treatment effect is 3.0%
loss? Or 7.0%?

17



From Power to DDCP

“Power is the probability of observing an
estimated treatment effect that is statistically
significant... given a particular true
treatment effect.”

“Data driven conditional probability (DDCP) is the
probability of observing an estimated treatment
effect that is statistically significant... given what we
know about the true treatment effect.”

18



DDCP acknowledges additional uncertainty

Power assumes that a particular
treatment effect is the truth.

DDCP recognizes that we don’t know what
the true treatment effect is, but we might
have an idea of the values it can take on and
the likelihood of these values.

19



Toy Example

Power DDCP
% loss L|ke_||hood 9f Power if true % loss L|kgl|hood ?f Power if true
being true being true

3.0 0.25 39%

5.0 1.00 80% 5.0 0.50 80%

7.0 0.25 98%

*Fixed assumption “Given observed data (data-driven)

Probability of observing an estimated Probability of observing an estimated

treatment effect that is statistically significant: treatment effect that is statistically significant:
1.00 x 80% = 80% 0.25x 39% + 0.50 x 80% + 0.25 x 98% =

74%

20



Toy Example - Power

% loss Likelihood of Power if true
being true’

5.0 1.00 80%

*Fixed assumption

Probability of observing an estimated
treatment effect that is statistically significant:

1.00 x 80% = 80%

Density

1
-5 0 5
Observed treatment effect

&
<

Variability/uncertainty due to
finite sample size

No uncertainty in the true
treatment effect

True treatment
effect

— 5
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Toy Example - DDCP

% loss LL:eilri]gcf[?Se?f Power if true
3.0 0.25 39%
5.0 0.50 80%
7.0 0.25 98%

*Given observed data (data-driven)
Probability of observing an estimated
treatment effect that is statistically significant:

0.25x 39% + 0.50 x 80% + 0.25 x 98% =
74%

Density

Observed treatment effect

True treatment
effect

- 3
— 5

. 7
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Toy Example - DDCP

% loss Likelihood of = 50 it trye 3!
being true it
3.0 0.25 39% y
5.0 0.50 80% )
7.0 0.25 98%
*Given observed data (data-driven) -5 oob m '( t5ff : 10

Probability of observing an estimated
treatment effect that is statistically significant:

& »

0.25x98% + 0.50 x 80% + 0.25 x 42% = - ) > .
Variability/uncertainty due to finite

0
74% sample size and multiple potential
true treatment effects 23




“DDCP is the probability of observing an
estimated treatment effect that is statistically
significant... given what we know about the true
treatment effect.”

“expected power of a trial, taking into account
various potential values for the true treatment
effect”

“best guess on how likely a trial will actually be
successful, based on available info”

24



How can we inform the “prior”?

25



Informing the “prior”

. Data sources

Considerations

Differences
in treatment

. Solutions .
. Differences. Differences
. in endpoint .in population

Progression

. -

Single-arm
VS.
Randomized

Internal Efforts

successR (requires VPN)
Project Endeavor

Project Providentia
Oncology Surrogate

Endpoint WG
R&D Excellence WS4

QuantHealth (vendor)
Etc.



https://pages.github.roche.com/successR/successR/index.html
https://drive.google.com/file/d/1Y0Ck8Xq3oUrLCsuKFT-YpltL5Ql1ByEK/view?usp=drive_link
https://providentia-info.roche.com/home
https://sites.google.com/gene.com/surrogate-endpoint-wg
https://sites.google.com/gene.com/surrogate-endpoint-wg
https://sites.google.com/gene.com/rdexcellence/solutions/4-access-the-best-external-innovation-sustain-the-bar?authuser=0
https://quanthealth.ai/

Informing the “prior”

* There are many sources of prior data that can potentially
inform the Ph3 treatment effect

* Most informative source is essentially a smaller Ph3 trial
(randomized, same population/treatment/endpoint, etc.)

* Use of other data sources require additional considerations,
considerations which may be addressed to some extent by
statistical methods

27


https://pages.github.roche.com/successR/successR/index.html
https://drive.google.com/file/d/1Y0Ck8Xq3oUrLCsuKFT-YpltL5Ql1ByEK/view?usp=drive_link
https://providentia-info.roche.com/home
https://sites.google.com/gene.com/surrogate-endpoint-wg
https://sites.google.com/gene.com/surrogate-endpoint-wg
https://sites.google.com/gene.com/rdexcellence/solutions/4-access-the-best-external-innovation-sustain-the-bar?authuser=0
https://quanthealth.ai/

Since a trial’s DDCP depends on the prior information, is there
anything we can say about the general relationship between
DDCP and Power?

28



Toy Example

Power DDCP
% loss Likglihood ?f Power if true % loss Lik?”hOOd ?f Power if true
being true being true
The fact that DDCP < Power is not a 39%
5.0 ] coincidence! 80%
7.0 0.25 98%

*Fixed assumption

Probability of observing an estimated
treatment effect that is statistically significant:

1.00 x 80% =

80%

“Given observed data (data-driven)

Probability of observing an estimated
treatment effect that is statistically significant:

0.25x 39% + 0.5

X 8

74%

% + 0.25 X 98% =

29



Typically, DDCP < Power

Why, “The Homebuyer’'s Gamble”: Potential
downside of a weaker treatment effect
exceeds the potential upside of a stronger
treatment effect.

Implication: Unless your prior indicates a
strong belief that the true treatment effect is
better than the (single) treatment effect
assumed for powering the trial, DDCP <
Power!

Example
% loss L'ke.“hOOd Power if true
of being true
3.0 0.25 39%
5.0 0.50 80%
7.0 0.25 98%
Equally : .
distant from Equally likely Dlifr;egZEEaI

5.0 '

30



Typically, DDCP < Power

s This phenomenon helps to explain the industry-
wide ~60% Ph3 success rate!

= Companies that use DDCP (or assurance) for oo
guantitative decision making: Novartis, GSK, J&J, | . l
AstraZeneca, etc. ™ , ]

in ur

Pre-clims al Fhas | WOABLA LA

Pl | Pliase 2 Pl 3 NDABLA  Appioal I Plsise: |
(N = 48) N = 18%) =T iN=2n J W= I

m This phenomenon is a natural consequence of ...

1.  pivotal trials being typically powered at Takebe et al., (2018).
>80% (steep part of the power curve)

2. uncertainty in the true treatment effect


https://pmc.ncbi.nlm.nih.gov/articles/PMC6226120/

Typically, DDCP < Power

Data sources

Considerations Differences Progression
. . in treatment ias
Oftentimes, prior knowledge needs to be translated Solutons inirect O\
. . treatment elicitation
to information on the Ph3 treatment effect. ___ companaon -
i Cas siccse
Differences Differences Single-arm
.. og e . in endpoint in population VS
This introduces additional uncertainty! Modeiing s S
simti’l:tllions 2:‘:?;;;: Al
Other Scientific

trials publications



Typically, DDCP < Power

Instead of achieving statistical significance (i.e.,

meeting MDD), we may consider other definitions
of “success”.

Example: observing an effect that is even better,
such as meeting TPP

Higher bar to clear means lower DDCP!

“Data driven conditional probability
(DDCP) is the probability of observing an
estimated treatment effect that is
statistically significant... given what we
know about the true treatment effect.”

33



Define “success” clearly!

Statistical significance? Clinical meaningfulness? MVP? TPP?

m Typically recommend aligning first three and calculating DDCP
relative to MVP and TPP

Primary endpoint or more?

m PTS = prob. of progressing from one decision point to the next?!
m CPTS = clinical PTS, prob. of meeting efficacy and safety

s DDCP considers Ph3 primary efficacy target and may
serve as an “anchor” for cPTS?

s Other considerations: safety, operations, etc.3
m rPTS = regulatory PTS, prob. of gaining approval
m POL = overall prob. of launch



https://docs.google.com/presentation/d/1dbJp1tOeWBPUJwBKlJBraFGYYfx9MxxF/edit?usp=drive_link&ouid=117003853526492796878&rtpof=true&sd=true
https://nucleus.roche.com/video/statistics-boost-9-trial-success-probabilities-ddcp-pts-eu-china-session-4-september-2023/
https://providentia-info.roche.com/home

GYM329 — Potential Ph3 DDCP

Proposed Ph2 trial design:

1.004

m Percent body weight loss at 1y

= 1:1:1:1 randomization, 52 patients/arm

Question: What would we need to see in Ph2 for
Ph3 to have 60% DDCP?

Ph3 DDCP
o
ISy
=)

0.257

Note: Actual "success” will require meeting other
efficacy and safety endpoints, so trial will be much
larger

o

~

o
A

0.0 25 5.0 75
Observed Ph2 treatment effect

10.0

Ph3 success criteria
3.5 (MDD)

— 5.0 (Powering effect)

35



Today’s program

“If our Ph3 studies are powered at 80%,
why aren’t we seeing 80% success
rates?”

How can we increase Ph3 PTS?



Ingredients of DDCP

Prior data

Ph3 study design

Success criteria

37



How can we increase PTS?

@ Improve prior data by generating a robust and sufficiently
large early data package
s Tradeoff between ... Prior data
m robustness vs. resources/time T

m learning from early phase data vs. minimizing
differences between phases

s Each phase should be designed to generate data that are
actionable for the next phase

1000 ml

— 00

i) 400

—_—

— 20

m If other sources of data are used, then ...
= minimize bias
s be transparent with assumptions
s understand risk and reflect uncertainty

38



How can we increase PTS?

Improve Ph3 study design by increasing sample size, thus
increasing power (e.g., 80% to 90%).

m Idea: DDCP < 90%

s However, no guarantee that DDCP will increase

m Also, increasing sample size relaxes the MDD and risks an
outcome that is significant but not clinically meaningful
(i.e., “so what?” scenario)

Ph3 study design

39



How can we increase PTS?

© Lower Ph3 success criteria.
m Idea: Increase PTS by making ”success” easier to achieve
s Not based on clinical relevance or commercial value

s Notinline with R&D aspirations for high impact medicines

1000 ml

— 600

Success criteria

40



How can we increase Ph3 PTS?
3 key measures

Robust and sufficiently large

early data package Properly power study

Rigorous and consistent decision making

(e.g., “the bar”)

41



Takeaways



“If our Ph3 studies are powered at 80%, why aren’t we seeing 80%
success rates?”

s By acknowledging and incorporating uncertainty about the true treatment effect, DDCP
illustrates why a Ph3 trial’s probability of “success” (“success” defined as statistical significance)
is typically less than the trial’s statistical power.

m Define “success” clearly!

m The most important measures we can take to increase PTS are generating robust and
sufficiently large early data packages and applying a consistent decision framework.

43



Appendix



Minimal detectable difference (MDD)

“Smallest observed treatment effect for which trial will be significant”

Ideally, we want to pick Ph3 sample size such that

Case 1:

Case 2:

Case 3:

“statistical significance” & “clinical relevance”

A

N

A
Observed Ph3 treatment effect

S

.

v

N\
Observed Ph3 treatment effect

A

Sy S A A A

A 4

N\ N\ N\ 2 N\
Observed Ph3 treatment effect

A 4

“So what?”: Statistically significant,
but not clinically relevant

“Missed opportunity”: Not statistically
significant, but clinically relevant

“Always aligned”: MDD aligned with

minimal TPP
45



Doing now what patients need next
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