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e Puzzling behavior of HR in real Clinical trials with subgroups

 HR can make a purely prognostic biomarker seem predictive

e Two issues:

e Efficacy measure such as HR and OR are not logic respecting and non-collapsible at
the population level

e Current computer software and common analysis methods help mask the problem

e Our proposal: Follow Subgroup Mixable Estimation (SME) in analyzing
clinical trial results for logic respecting efficacy measures

* Shiny app available to produce simultaneous Cls for subgroups and overall population

*https://jchsustatsci.shinyapps.io/Ratio_of Median_survival_times .
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medicine * POPLAR data demonstrated proof of principle for bTMB as
a predictor of PFS clinical outcome

Article | Published: 06 August 2018
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Wi th ate Z Oliz 1_]_ mab Background Outcomes are poor for patients with previously treated, advanced or metastatic non-small-cell lung cancer Lancet 2016; 387: 1837-46
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e OAK data confirm bTMB as a potential non-invasive
biomarker of PD-L1-directed immunotherapy.
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treated non-small-cell lung cancer (OAK): a phase 3,
open-label, multicentre randomised controlled trial
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Summary
Background Atezolizumab is a humanised antiprogrammed death-ligand 1 (PD-L1) monoclonal antibody that Lancet2017;389:255-65



s bTMB a predictor of clinical benefit in NSCLC patients

treated with atezolizumab in OAK study?
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cut-points of bTMB in the OAK study. Overall, there was a clear
monotonic relationship between an increasing bTMB score and

PFS outcomes (Fig. 4a). A similar, although less compelling, mono-
tonic trend was observed for OS (Fig. 4b). Unlike PFS, numerical
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Rerun of the OAK trial data shows that bTMB is mostly a
prognostic (instead of predictive) biomarker in terms of OS

Estimated median OS from Weibull fit with bTMB, Trt and interaction terms
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HR behavior for purely prognostic biomarker based on
simulation
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Replicated the pattern observed in
OAK trial

Conflicting message in terms which pt
subgroup benefits most

Per disjoint biomarker subgroup, generated 10,000 (total 70,000) time-to-event random variable that follows Weibull distribution. Simulated data present purely prognostic
biomarker that is the treatment effects (effect size, HR) are same throughout the disjoint biomarker subgroup with increasing baseline hazard.



HR behavior for purely prognostic biomarker based on
simulation

For any cut point of the bTMBc value, the
marginal HR for whole data {g+, g-} is always
outside range of the HRs of bTMBc subgroups.
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Marginal HR: HR for the overall population using Trt as only covariate in the cox model



Clinical Trials with two subgroups where HR is not logic

respecting

MET study: Ph2 NSCLC!

Patient

KN-426: Ph3 RCC PFS3

Pembrolizumab +

0.63 (0.44-0.91)

Figure 3: Forest plot of overall survival based on longer follow-up in predefined patient subgroups

ECOG=Eastern Cooperative Oncolagy Group. NR=not reached. *Stratified hazard ratio. Unstratified hazard ratio was 0-67 (95% Cl 0-55-0-81).

9 1.Spigel et. al. (2013). 2. Paz-Ares et. Al. (2021); 3. Powles et. Al. (2020)
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HR for overall population trending toward 1 as
prognostic effect increases

HR g for overall population

[EI
log(prognostic effect)

HR for two subgroups are both set at 0.64 with 50% prevalence; prognostic effect is the HR between g+ and g-; HR_mg is
calculated as HR from the cox model with Trt as the only covariate — even though the theoretical HR for overall pop depends

on time when prognostic effect is present; HR_mg is viewed as average HR (Xu and O’Quigley 2000)
10



Our proposal

e Current literature® still focusing on how to “fix” HR
e Not to compare marginal vs conditional HRs** as they are like apple and oranges
e Advocating the use of conditional HR over marginal HR
* how to derive a more efficient marginal HR based on conditional models

We propose to replace HR with alternative efficacy measures that follow:

Efficacy measure for the overall population should always be in between the
efficacy in the subgroups at both population and sample level

* For efficacy measures that respects this logic in the population space, they are
called logic respecting efficacy measure

e But even for logic respecting efficacy measure, if incorrect analysis methods are
used, illogical behavior can still be observed in the sample space

— Solution: follow SME (Ding et al 2016; Lin et al 2019)

*Daniel et al (2021) **Conditional HR: subgroup HR, i.e. HR conditioning on the subgroup 11



With SME** one does not have to choose

Subgroup Mixable Estimation** makes
marginal and conditional logical*

* For logic respecting efficacy measures

Apples grow on apple trees

Conditioning doesn’t make apples oranges Assessing apples as oranges makes no sense

**Ding et al (2016); Lin et al (2019)



Logic respecting efficacy measures for all endpoint types

In populatlon space: | In sample space: |
Endpoint Efficacy measure Logic-respecting
type efficacy measure? * Incorrect analysis methods are
Continuous Diff of means Yes currently implemented that can
Diff of props Yes lead to
Binary Relative risk (RR) Yes * the masking of illogical
Odds ratio (OR) - behavpr for n.on-loglc-
respecting efficacy
HR No measures
Diff of medians No * illogical behavior for logic-
Time-to-event Ratio of medians (RoM) Yes* respecting efficacy
TTE . :
(TTE) Diff of RMST/milestone  Yes measures - marginal analysis
prob
Ratio of Yes

RMST/milestone prob

* When there is proportional hazards within each subgroup under Weibull model =



Hazard Ratio
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Incorrect estimate of marginal HR in SAS LSMEANS that
masks illogical behavior of HR
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RUN;

PROC PHREG DATA=DA2;
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TRTO1P*BTMBA40; exp 5 (logHR.) + 2 (logHR_)

STRATA BTMBA40;
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Marginal model estimates can lead to illogical behavior even
for logic respecting efficacy measure

Consider following two models to estimate difference of means (DoM): 6 = E(Y;|T; = Rx) — E(Y;|T; = C)
Conditional model : Y, = u+ oT; + BG; + 6T,G; + &; with ¢; N (0,02)

itd

Marginal model : Yi = u"+a"T; +&; with & ~ N (0,0%) Mix within each Rx and C first

e DoM estimator from conditional model is obtained by the followi

« 0. =|E|T, =Rx,G; =g )W +EWIT,=Rx,G; =g )y | - [EXiIT; =C, G, =g )y +EWIT, =C,G, = g7 )y ™]

'/F [‘E(YilTi =Rx,G;=g")—EY|T,;=C,G; = g+)'])/++ [EY|T; =Rx,G; =g ) —EW|T; = C,G; = g )y~

Special for DoM "9, : 5 :

g Hg—

* DoM estimator from marginal model is 8, = & Under y* = 1/3, 1:1 allocation, 10,000 simulations,

* Known in the literature: éc is more efficient than ém regardless % illogical behavior 8, & [ég-, §g+]
of the un(EIerIying tArue model mm
 Var(6.) <Var(6,,) under conditional model e e 8.8%  0.1%
 Var(6.) = Var(6,,) under marginal model u=0a=1=2,66=3,0=1
* Additionally: éc is always logical while illogical behavior exists for ém Marginal model 9.8%  5.3%

regardless of which model is true pw=0a"=10=1



RMST difference

—
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RMST difference based on marginal KM curves may

disrespect logic
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Even though RMST difference is logic
respecting at population level,
estimated RMST difference by the
pooled KM estimate for Rx and C is
not always in between those from
the subgroups
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Correct analysis methods for logic respecting efficacy
measures for all endpoint types
Principle of Subgroup Mixable Estimation (SME)

1.Fit a model (e.g. linear, logistic, log-linear, or weibull) to get LS
estimates of main effects + interactions and associated variance-
covariance matrix estimates

2.Convert to estimates of Rx and C effect for g+ and g- and overall pop
and estimate the corresponding var-cov matrix using o&-method

* To get estimates of Rx and C effect for overall pop: mix within Rx and C on the
probability scale by population or pooled sample prevalence

3.Calculate estimates of efficacy (Rx vs C) in g+ and g- and overall pop
and the corresponding var-cov matrix using o-method

4.Calculate simultaneous Cls for efficacy in subgroups and overall pop
based on Normal approximation based on o-method

17



Applying SME to Checkmate-9LA OS

Fit digitized data to the following Weibull model:

h(t|larm, group) = hy(t)exp{fiarm + B,group + Bzarm X group}
where hy(t) = gA¥t*~1

95% simultaneous Cls for RoM (right) and
ratio/difference of RMST and 1-year OS rate

(below)
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e [ o
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Summary

e Using non-logic respecting efficacy measures such as HR can potentially
harm patients due to incorrect treatment benefit assessment

e Explaining to clinicians that “HR in the overall pop and HR in the
subgroups are apples and oranges and should not be compared” is not
the right message

Our recommendation:

 Summarize clinical trial results with logic respecting efficacy measure
such as RoM as first step

 Then use SME to correctly analyze clinical trial results for logic
respecting efficacy measures to guarantee logical behavior even with
limited sample size
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