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Questions in drug development and HTA

Portfolio Decision Making Indirect Treatment Comparisons for HTA
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* How can we combine our current evidence to predict
Ph3 efficacy for different doses?
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* What dose should we pick for phase 3 in order to be
competitive with other treatments?
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* Based on our 26 week study what treatment effects do
we expect to see at 68 weeks?

» Should we conduct a Phase 3b head-to-head study vs our
competitor?

% w75 w0
Time: from randomisation (weeks)
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Treatment -+~ Lima 18mg = Placeba ~+ Sama02mg = SemaOAmg e Sema2dmg

* This treatment just published their Phase 2. Should we
expect them to go to Phase 3 and be competitive?

Time-course and dose-response relationships are promising targets for borrowing to reduce evidence gaps



What do we add?

 Previous research has provided formulations of time-
course and dose-response as separate model
formulations

« We build on this work and provide a model-based
network meta-analysis framework that integrates time-
course and dose-response modeling

- We simulate a trial program including a competitor
program, and show that our formulation can recover the
data generating parameters (see paper)

« We illustrate the method on a treatment network for
weight management
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A random-effects (exchangeable) NMA for a continuous
summary measure

e Studiesi=1,..,1
« Treatmentsj=1, ..., J (treatment 1 is the reference)

Yij~Nu; + 8, sef})

consistency:d,, = dip —dig;a,b €1{2,..,]};d; =0
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Time-course modeling

Emax Model Exponential Model Bateman Model
WL = Epnad 1 —exp(-exp(k) -t)) WL = Emax( 1= exp(-expik) - t)) expl(kr)
= P i = N P WL:Ap—(expl—exp[kl-n—expl—exp[kﬂ th
explky)—explk)

Function: f(.) Parameters

Emax B t E nox and log(ET5,)
M exp(ETso) + t

Exponential Emax(1 — exp(—exp(k) X t)) E...x and log(k)
Bateman exp(kT) A, log(k) and log(kT)
(m) (exp(— exp(k) Xt— exp(kT) X t)

Weight Change from Baseline (%)

t: time in weeks
Positive parameters (i.e. k, kT, ET5,) expressed on log scale

Weight Change from Baseline (%)
Weight Change from Baseline (%)

TIH’{E (weeks) ) i ) Time (weeks) B ) Tlm; (weeks)
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Dose-response Modeling

. . Log-Linear Dose-Response Linear Dose-Response
m FunCtlon' .f(') Parameters Response = i - log(dose + 1) Response = 3 - dose

Log-linear B xlog(d + 1) B

Linear B xd B g 3 9

Emax . d Emax and log(EDs,) 3 = N

max exp(ED50) +d
. . n Dcsa; (mg) e I ' o " Dns‘e.l(‘rng)
Slg mOId E d Emax’ |Og(ED50), n>0 Emax Dose-Response Sigmoid Emax Dose-Response
max Eqna - dose Epay - dose”

EmaX eXp(EDSO)Tl + dTl Resgmse;ED:.mduse Resﬁonse_EDgo-dose“

d: Dose in mg 7 s

Positive parameters (e.g. EDs,) were expressed on a log scale z 3, id
.% g’ o
= e

[e]

Dose (mg) ' Dose (mg)
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Time-course dose-response NMA for continuous summary
measures

« Extend the standard NMA model to include multiple time points

* Letyj; denote a vector of continuous summary measure for study (i = 1,..., I) and arm (j = 1,...,n;)) of the time-
course profile (t = [O,...,Tij]), for example % change from baseline in body weight

 We assume that:
Vij~MVN(p;j, Z;;
* Mjis the vector of mean outcomes

Z; is a covariance matrix, with diagonal elements within arm standard errors (se;), off-diagonals are either
assumed to be O, or to follow an AR(1) following Pedder, et al.
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Embedding dose-response in the time-course model

We put structure on the relationship for the p'th structural parameter ( ei(]?’)) of the time course:

®) j =1 (reference)

®) Hi
g 6 = .
( ij ) 'ul{p) +f(XijB(p)»dij) + yi(]p) i>1

« g(9)isalink function, e.qg. log(-)

. y?’) is the study specific level for the reference treatment in the jt" study

« f(-) is a parametric dose-response function, mapping the treatment doses to relative treatment effects and X;; is a design
matrix, encoding agent specific effects and B® is a vector of agent specific parameters

« The yi(]?") are random effects Let y; be of vector of study specific random effects of length n;-1 x n,, where n, is the number of

structural parameters (e.g. 3 for the Bateman model, Table 1). Then, it is assumed:
Yi ~N(0,Q ® T;)

»  Where Qis an unstructured covariance matrix (n, x ny) for parameters, T; is the known covariance matrix (n;-1 by n;-1) with 1 on
the diagonal elements and 1/2 on the off-diagonal elements, accounting for correlated random effects in multi-arm studies

« The model is fitted in a Bayesian framework, with model selection suggested by the expected log posterior density (ELPD)
criterion
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Application of DT-MBNMA to a
network of obesity trials
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An (Illustrative) Application to an Evidence Network of
Obesity Trials

Raw Data “Complete” Network “Reimbursement” Network
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Data: Observed data for
illustration purposes

Body weight (%) change from baseline

Widing (STEP 1)

N

Lia12mg - Lrad0mg  —e- Sema0.img -~ Sema03mgF s Sema1.mg
Treatment s Lia1.8mg =~ Placebo = Sema02mg - SemaOdmg e Sema24mg

T
Time from randomisation (weeks)

° M Od els- o Lim24mg - Sema005mg ~e- Sema03mg e Sema0.4mgF
.

» Time-course models (T-MBNMA), treating each dose-and-

treatment as independent

« Dose-response time-course models (DT-MBNMA),
assuming exponential time-course

« Standard NMA (using only week 68 data)

« Target: EmaxT contrasts for T-MBNMA and DT-MBNMA,;

week 68 treatment contrast for NMA

« Model fit and selection guided by: ELPD, consistency checks

(UME), between study SD, and posterior predictive checks

Novo Nordisk®

TABLE 4. Model fit statistics for time-course models, fitted to the obesity dataset.

Function Treatment Effect Within-arm ELPD
correlation

I el I
I el I
I il il
| | e | e ]
il el il M
| e | e [ e ]
I s il I

ELPD: Expected Log Posterior Density Estimate

- b

. - oo e
. - e . "
Treatment Treatment
level level
[0.038; 2.1] [0.0052 ; 0.58] [-0.95 ; 0.96] [0.71; 0.96]

--
Emax Log-linear
[0.075; 1.6] [0.057 ; 0.32] [-0.94; 0.79] [0.68; 0.95]

aThe exponential function Ep,..T (1 — exp (—exp (kT) x time)) is specified for the time-course relationship
ELPD: Expected Log Posterior Density Estimate
SE: Standard Error

UME: Unrelated means model



Treatment Contrasts

DT-MBNMA DT-MBNMA T-MBNMA
[Observed)e f (AR-1)ef [AR 1)ef Dlrect Evidence

Comparison / Parameter Ema,\T Ema‘(T Week 68

Sema 1.7 vs Lira 3.0 -7.0 -6.8 -5.1 -4.4
[-8.1, -6.0] [-8.0,-5.4] [-8.0,-2.6] [-7.78, -1.27]

Sema 1.7 vs Sema 2.4 2.9 33 54 41 3.7
[2.7,3.1] [2.5,4.1] [2.7,7.7] [1.3,7.1] [no CI]**

Sema 2.4 vs Lira 3.0 -10.0 -10.1 -10.4 -8.5 -9.4 [-12.0, -6.8] >
[-11.1,-8.8] [-11.3,-8.9] [-12.0,-8.9] [-10.8,-65] | -10.5[-12.8, -8.1]>"¢

Notes:  Treatment policy estimand; ® Hypothetical estimand; ¢ STEP 6 study ; ¢ STEP 8 study; ¢ The exponential function E,q, T(1 —

exp (—exp (kT) x time)) is specified for the time-course relationship; f EmaxT parameter contrast reported
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Summary

We combine dose-response and time-course MB-NMA in a joint
Bayesian framework

Permits a richer use of evidence under additional parametric
assumptions to answer questions of interest to support
portfolio decision making and HTA:

« Should we go H2H v this competitor?

- How can we reduce uncertainty by using all available
evidence in our HTA submission?

Bayesian model-averaging may be an alternative to model
selection

Time-course data for competitor is often available from primary
publications or HA documents

Tirzepatide Once Weekly for the Treatment of Obesity | New England Journal of Medicine

Mounjaro, INN: tirzepatide

Novo Nordisk®

B Percent Change in Body Weight by Week (efficacy estimand)
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https://www.nejm.org/doi/full/10.1056/NEJMoa2206038
https://www.nejm.org/doi/full/10.1056/NEJMoa2206038
https://www.ema.europa.eu/en/documents/product-information/mounjaro-epar-product-information_en.pdf
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Obesity Data

TABLE S4. Overview of the illustrative dataset

stk S S
treatment
Liraglutide placebo lira 1.2 mg, lira 1.8 mg,
(1807)2 lira 2.4 mgq, lira 3.0 mg

Liraglutide Pi-Sunyer|2015 SCALE 3731 placebo, lira 3.0 mg
Obesity
and
Prediabetes
SemaglutideO'Neil 2018 Phase 2 placebo, sema 0.05 mg, sema
(4153)° 0.10 mg, sema 0.20 mg, sema
0.30 mg, sema 0.40 mg, sema
0.30 mg F, sema 0.40 mg F, lira
3.0 mg

Semaglutide W|Id|ng STEP 1 “ placebo, sema 2.4 mg
Semaglutlde STEP 5 placebo, sema 2.4 mg

Semaglutlde2022 STEP 6° .n placebo, sema 1.7 mg, sema 2.4
mg

Semaglutide2022 STEP 8 “ placebo, sema 2.4 mg, lira 3.0 mg

2Orlistat treatment was excluded due to the inclusion criteria of comparing the effect of an GLP-1 to
another GLP-1 or placebo (dietary restriction and adjunct to lifestyle intervention) for weight reduction
in patients with obesity without diabetes.

bSemaglutide dose levels were standardized to weekly equivalents by multiplying daily doses with 7 to
match the once-weekly doses used in phase 3. The treatment labelled “F” represents doses, where
semaglutide was dose-escalated in every second to target doses 0.30 mg and 0.40 mg, respectively.

°STEP 6 trial population included both normo-glycaemic, prediabetic and T2D subjects. To align with
the study selection the T2D subgroup was excluded from the analysis and hence N=302.

Novo Nordisk®
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