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Model Based Approaches in TB Drug Development

1. Dose/Schedule/Duration optimization (PKPD Modelling)

2. Understanding sources of variability and strategies to maximize
response (Covariate Modelling)

3. Scaling to children and special populations (Developmental
Pharmacology)

4. Bridging from preclinical to clinical phase (Systems and
Translational Pharmacology)

5. Design optimization (Clinical Trial Simulations)

6. Endpoints and Biomarkers




Introduction

1. Identify the right regimen for the right patient at the
right time at the right dose at the right schedule for the
right duration
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Methods and Tools from Drug Development

= Non-linear Mixed Effect Modelling & Clinical Trial Simulations

- The most sophisticated methodology for integration of temporal aspects (time) with (any)
data approaches

- Separation of signal from noise
- Dose/Regimen/Schedule optimization
- Intervention (Drug-Dose-PK) — biomarker - outcome

= Clinical Trial Simulations

= Clinical Trial Design Evaluation
- Strategic studies to enable learning
- Optimal designs to enable confirming
- Efficient designs




TB Drug Development Applications

Dose optimization (Treatment) — maximal (sufficient) efficacy for optimal
risk/benefit

- Rifapentine — Ph3 Study 31

- Rifampin

- BDQ, DLM

- Pratominide (STAND, SimpliciTB)

- Linezolid (NixTB)

Schedule optimization (Treatment and Prevention)

- Dally, intermittently, weekly (Rifaquin, S22), S26 vs S37

= Duration optimization (3 months HP weekly vs 1 month daily 1HP vs 6
weeks P)
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2HOW do we cure a” (adults)’) Diverse Phenotypes of TB

...how do we have successful Phase 3 trial?
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Vast methodology for understanding variability In
response to intervention

1. Quantification of variability in response
- Quantification of variability (mixed effect methodology)
- Separation of true between-patient variability vs all other noise

- Separation of variability with respect to temporal aspect (delayed
response) vs magnitude (no response, incomplete response, full response)

2. ldentification (and quantification) of sources of variability
Multivariate searches to Al (GAM, SCM, Lasso, full random search, ML and Al)

Outcome: These tools (models) enable recommendation of strategies to
achieve cure/protection/success in all
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Four-Month Moxifloxacin-Based Regimens for
Drug-Sensitive Tuberculosis

o.H. Gillespie and Others
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A Four-Month Gatifloxacin-Containing Regimen
for Treating Tuberculosis

C.5. Merle and Others
Free Full Text

High-Dose Rifapentine with Moxifloxacin for
Pulmonary Tuberculosis

A, Jindani and Others

Clinical Trials not delivering

CME =

> 10 years
> $ 100M

Next Issue »

One approach to improving tuberculosis therapy is to shorten the duration
from 6 months to 4 months. In this trial in over 1900 patients with smear-
positive tuberculosis, two 4-month moxifloxacin-based regimens did not
perform as well as the standard 6-month regimen.

Shortening treatment regimens for tuberculosis may help control the disease.
In this trial, patients with tuberculosis in sub-Saharan Africa received either a
4-month gatifloxacin-based regimen or the standard 6-month regimen. The
gatifloxacin regimen was less effective.

In this report from sub-Saharan Africa, a 4-month regimen of moxifloxacin and
rifapentine for pulmonary tuberculosis was not as beneficial as two 6-month
regimens, and the benefits of a 6-month regimen based on rifapentine were
similar to those of the standard 6-month regimen.
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One Regimen Does not Fit All

One Regimen Does NOT Fit All

Towards Patient Stratification or How to Cure All

* 4 month regimen worked well in 80% patients
« Hard/Easy to treat and all in between

Stratification based on
« Clinical characteristics (X-ray, Baseline Smear, HIV))
« Demographics (Nutrition, Age, Weight, etc)
* More refined biomarker (Scans + Immunological)

Goal: Identify the right regimen/duration for the right patient
Deliverable: Smart and Easy to Use/Implement Dosing
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Jiz/ZU1lo TB ReFLECT

TB-ReFLECT: TB Re-Analysis of FluoroquinoLone Clinical Trials

,-r \
E@ﬁ% orId_Hquth Critical Path to BILL&MELINDA
NSTE Organization 4R 1B Drug Regimens GATES foundation

= Individual Level Patient Meta Analysis

= Aimed to:

- ldentify patient groups eligible for 4 month treatment
= Profile “hard-to-treat” patient populations ....

. « In press in Nature Medicine
«  WHO workshop on clinical trials in March 2018 based on this work
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Non-inferiority Test for Subgroups

Easy- and Hard-to-Treat Phenotypes

No. of Probability of Probability point difference P-value for
participants unfavorable outcome Experimental - Control (90% CI) interaction
Experimental Control
group group ' '
Overall 3405 23.4 16.1 5 -B- 7.2(4.9,9.6)
Smear status ' '
Smear 3+ 1655 26.4 16.9 E —B— 9.5(6.1,12.9)
Smear 2+ 907 21.9 13.3 : L 8.6 (4.4, 12.9)
Smear Neg. or 1+ 800 18.4 17.7 D — 0.8 (—4.3,5.8) 0.05
Cavitation E i
Present 2094 24.5 15.6 : A —=— 8.9(5.9,11.9)
Absent iNigl 19.8 17.6 B e = 2.2(-18,6.1) 0.06
HIV status ' ‘
Positive, CD4 < 300 155 33.9 16.0 E —_— 17.9 (6.6, 29.2)
Positive, CD4 >300 234 28.1 2150 | = d 6.9 (—2.3,16.2)
Negative 2928 225 14.4 E — 8.1(5.7, 10.6) 0.13
BMI E E
<17 881 27.5 16.8 ! —8— 10.7 (6, 15.5)
=17 2524 21.8 15.9 5 3 5.9(3.3,8.6) 0.57
Sex ' : l
Males 2398 25.9 17.4 E —=— 8.5(5.7,11.4)
Females 1007 17.3 13.0 i = 4.3(0.5,8.1) 0.33
Age P !
>30 1702 26.6 18.8 5 e 7.8(43,11.3)
<30 1698 20.0 13.6 ' —E‘—l 6.4(34,9.5) 0.98
Validation subgroups E 5
Smear 3+ and non-cavitary disease 394 2256 1175 | —B—E SLOI(E L7 AES) 0.86
Smear < 2+ and non-cavitary disease 706 18.3 17.6 L —— 0.8 (—4.1, 5.6) 0.03
Patient subgroups eligible for 4-month regimen: various definitions E E
Smear < 2+ or non-cavitary disease 1591 19.1 16.7 | . 2.4(-0.9,5.7) 0.02
Smear < 2+ and 1186 18.1 16.3 : —E—!: 1.8 (=2, 5.6) 0.009
Smear 2+ in non-cavitary disease : : :
[ T T I I 1
—-18 -12 -6 0 6 12 18

Experimental better Control better

11 TB ReFLECT | | I I | s UCge



Risk Stratification

Stratifying Patient Population based on a Simple
Algorithm

Smear -or 1+ Smear 2+ Smear 3+
No Cavitation Low Low Moderate
Cavitation Moderate High High

*If HIV patient with CD4< 250cell/ul. or BMI<17, increase strata by one risk level.

Risk R —

High 2246 154 25.7 I === 10.3 (7.4, 13.2)

Moderate 1642 15.4 21.3 I : i 59 (2.1,9.8)

Low 1476 154 15.8 I e { | 0.5(-3.7, 4.6) Y

1 % 1
66 00 66 120 180 0 46 9
shorter duration - O » longer duration Time (months}
Duration

= 139.6% High Risk 30.4% Low UCsr




2017

Innovation Pillars for TB Cure Strategy
Stratified Medicine Approach

Diagnosis
Algorithm

GeneXpert 3
FL-LPA SLLPA

2 S Second-line
Rifampicin

: resistance
Reswiance [ n

Pure MDR  Pre-XDR Pre-XDR/XDR
®pre-xor Injectable FQ
resistance resistance

Right Diagnosis

BDQ, DLM,
LZD, LFX

BDQ, DLM,
LZD, CFZ

Right Patient Right Treatment
Risk Stratification D
| Algori't;m | i ® c;:ngbmauon Treatment

@ Optimal Dose

‘ Duration

Algorithm
Cavity size & extent  igh ‘

No cavity Unilateral Bilateral
or<4cm or>4cm

Optimal Dose Duration

CE——
= (-)ve or 1+ ‘ . @SP ‘ :
o= |
(7] - Time (months)
2 Smear 2+ \396
g
o

Smear 3+ ‘gsP @ @

*If HIV patient with CD4+ < 250 cell/uL,
or any patient with BMI < 17 kg/m2,
then increase strata by one risk level

R
Digital Health
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Study Design and Endpoints

Endpoints and Biomarkers

Confirming

Learning

-

Phase 3 randomized

controlled trial

. +EBA « Culture * Relapse
« 2 weeks conversion - 18 months
= * 2 months « Gold standard for
efficacy
A\ V, . /

y UCSE



3.) How do we cure all?

...how do we derive optimal regimens for kids and
pregnant women?

kSR AL

15 Presentation Title and/or Sub Brand Name Here




Developmental Pharmacology/Immunology

Enables quick transition to all populations (children, babies, pregnancy, malnutrition, old)
- Principles of maturation of enzymes, molecules, proteins, pathways

- Physical growth (size) vs maturation (time aspect)

- Malnutrition aspect to the disease progression, and response to intervention

MODELS & TOOLS used for:
- Definitions of optimal doses and schedules for special populations
- Study designs (optimal age distribution, interim analysis, adaptive trials)

IMPAACT network
- Embedded model based approach to TB drug development in children and pregnant women

16
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4. How to do better translation?

o Protein
Absorption Elimination blndlng
Admin route Metabolism
PK method Food Clearance
Transit Saturation
Path to Translation
Level of Complexity
Regimen Immunology Lung Cellular  Transport
Single Qe’(\euahbo Intra- Extra-
Systems o4 S Q 7~ 3
approach odeded 3 »
Multi-drug

17



Systems Pharmacology

Regimen

PK Resist PD

Host Immune Bug

18
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“Integration” of the disease and host aspect

Balb/C

Immune
deficient
nude mice.

Kramnik
lesion
model

Rabbit
lesion | -
model
Hollow fiber * Immune impact
In vitro PKPD - Lesion specific site of disease

combinations

UCsF



Mechanistic Modeling of Bacterial Growth and Immune
Response in Murine Model
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CFU-dependent Immune Effect (day™)

Understanding Adaptive Immune Effect

CFU/Time-dependent Impact

Immune Response as a function of:

10.0-

1.004

LOAD TIME 75-

=

~J

o
L

E 0.75+ Immune Effect
: W
c =
0.507 % 0.50 ﬁi - 0.2
E 0.0
3 25-
0.257 E 0.257
=
0.0-
o0 | | ! | ! . ! | ! 0.907 | 0 7 14 21 28 35 42 49 56 63 70 77 B84 90
2 3 4 5 6 7 8 9 10 0 20 40 60 80 100 Days after Inoculation
Log;; CFU/mL Days after Inoculation
Note: shaded area is the range of bacterial
number throughout incubation in our data
: UCsF



Translating mouse data

Model > Output

“0
:‘ . Treatment
: o == |mmC, DO ™ REMOX
» . == ImmC,R 5100+ —=
e -~ . me= |mmD, R 3 75- i
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@2
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Bartelink, et al; Clin. Transl. Sci.. 2017 Sep;10(5):366-379.
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Conclusions

Methodology is common and perfectly suitable for any intervention
- Dose/Schedule/Duration optimization
- Clinical Trial Design
- Biomarker search and connection to the outcome
- Ensuring success in all patients
- Dosing algorithms
- Translational Immunology & Dynamics of Immune Response
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