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a cut above
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= Aims @

ut above

* Review the pain points in drug R&D

* Understand PK/PD rationales that are relevant to different types of
biomarker data

 Evaluate preclinical tumour models and forecast clinical efficacy
* The Open Project (TOP)
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a cut above

Probability of Success: Phase-by-phase

a Success rates by phase b Cumulative success rate Phase | to launch
Percentage likelihood of moving to next phase, Percentage likelihood of moving from Phase |
3-yearrolling average* to launch
100 207

90- 16.4
80
Phase lll 15+
70
) o
g‘ 60 Phase | g’
& 907 Phase Il g 107
- =
& 40- &
30
5
20
10
0 T T T 1 0 T T T i
1997 2000 2005 2010 2014 v\gg‘) 0,1 0'5 A’1 o0l %’10‘\‘\ 1’10\
ICL L R N

Smietana et al. (2016) Trends in clinical success
rates. Nat Rev Drug Disc. 15: 379-380
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a cut above
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(a) Cumulative number of taals over time (b) Increase in the number of taals over time
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T it oS "'“:2':""; Ophthalmology; 2.5% ' Vaccines (Infectious Disease); 3.2% =$&<>""-2?361/-3+-2*26
5.1% . ! ) .

Infectious Dlm

10.9%
Phase [; 17.6% Oncologn

Genitourinary; 33.6%
Phase IV; - '
28.4% '
Autoimmunc/
Inflammation;
11.0%
Phasc I1; )
3.6% CNS; 13.7% En":“‘.b‘:::g
Phasc I11; ! 9.8%
13.8% Cardiovascular; 12.6%
. . . . . 5*1"#$% @%"$&A-B/23C623*+-*D-:13+3:61-2?361-/0::
(c) Proportion of taals by phases (d) Proportion of taals by therapeutic groups 262(/-6+,-2(162(,-E6?6C(2(RD)"$")"™*) 7-EBHG
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a cut above

100%
80%
60% . - ———————— -
- e
40% A *'\:’\N
— —a— ;"_/
20%
[ - - /
0% — & 3 & = -
2004 2006 2008 2010 2012 2014 2016
—8—Phasel —&—Phase2 —e—Phase3 —8—Overall
35.0%
30.0% N
25.0%
20.0% > 20.9%
15.0% -
10.0% —_— T —— e y
5.0% i . . . . - e I
0.0%
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Vaccines (Infectious Disease) —e— Metabolic/ Endocrinology +— Cardiovascular
CNS ' ) Autoimmune/ Inflammation Genitourinary Lo !"#$%2018) Estimation of clinical trial success
—e—Infectious Disease —e— Ophthalmology —e—Oncology rates and related parameters. &'()"$")"*) . p 1-14
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Cancer drug: Phase 2 is key @

a cut above
All indications (industry)

Phase 1 to Phase 2 Phase 2 to Phase 3 Phase 3 to Approval Overall
POS; 2, % POS»3,% POSzapp, % POS3app, % POS, %
Therapeutic group  Total paths (SE, %) Total paths (SE, %) (SE, %) Total paths (SE, %) (SE, %)
Oncology 17368 57.6 6533 (3271 6.7 1236 35.5 3.4
(0.4) 10.6)] (0.3) (1.4) (0.2)
Metabolic/ 3589 76.2 2357 59.7 24.1 1101 51.6 19.6
Endocrinology (0.7) (1.0) (0.9) (1.5) (0.7)
Cardiovascular 2810 73.3 1858 65.7 323 964 62.2 25.5
(0.8) (1.1) (1.1) (1.6) (0.9)
CNS 4924 73.2 3037 51.9 19.5 1156 51.1 15.0
(0.6) (0.9) (0.7) (1.5) (0.6)
Autoimmune/ 5086 69.8 2910 45.7 21.2 969 63.7 15.1
Inflammation (0.6) (0.9) (0.8) (1.5) (0.6)
Genitourinary 757 68.7 475 57.1 29.7 212 66.5 21.6
(1.7) (2.3) (2.1) (3.2) (1.6)
Infectious disease 3963 70.1 2314 58.3 35.1 1078 75.3 25.2
(0.7) (1.0) (1.0) (1.3) (0.8)
Ophthalmology 674 87.1 461 60.7 33.6 207 74.9 32.6
(1.3) (2.3) (2.2) (3.0) (2.2)
Vaccines 1869 76.8 1235 58.2 42.1 609 85.4 334
(Infectious (1.0) (1.4) (1.49) (1.4) (1.2)
Disease)
Overall 41040 66.4 21180 58.3 35.1 7532 59.0 13.8
(0.2) (2.3) (2.2) (0.6) (0.2)

Lo et al. (2018) Estimation of clinical trial success
rates and related parameters. Biostatistics. p 1-14
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a cut above

IS THERE A REPRODUCIBILITY CRISIS? HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?
7% 529, Most scientists have experienced failure to reproduce results.
Don’t know Yes, a significant crisis ® Someone else's @ My own
3% -
No, there is no i

crisis — Chemisty

Biology [

Physics and : : :
engineering | R R E

1,576

researchers

surveyed Medicine

Earth and

389, environment
Yes, a slight
crisis (011 7] P e e e s
DAY 0 20 40 60 8  100%
$=>""-/:3(+23/2/-13?2-2@(-13,-*+-A(BA*,0:393132) Number of respondents from each discipline:
Survey sheds light on the ‘crisis’ rocking research. Biology 703, Chemistry 106, Earth and environmental 95,
Monya Baker %>-C6)-%"$PAA(:2(,E %&-F01)-%"$D Medicine 203, Physics and engineering 236, Other 233 pnamre

@22BE##GGGT+620A(7:* H#HGMB (+23/2 3R2AI1L3*+ IA(BA* 0:393 1875 <<]"
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http://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970
http://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970
http://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970
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a cut above
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=
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£ 60% - - 51% 51%
S (n=238) (n=257) (n=80)
= 50% A
s
8 40% 4
&
(—U 30% 9
S 0
& 20% -

10% -

0%

Amgen Bayer Healthcare Vasilevsky et al. Hartshorne Glasziou et al.
(Begley and Ellis) (Prinz et al.) and Schachner

<=((,>6+-5?2@-.*;;90=+-AB@-C3>*(-DC-E%"$SFG-DH(-|:*+*>3:/-*J-
K(L=*,0:393132)-3+-?=(:13+3:61-K(A6*CTB1 S'EMGN-($"%$MF 7-
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a cut above

Data irreproducibility is expensive

US$56.4B Categories of Preclinical Irreproducibility

US$28.2B
Irreproducible
P (50%)
Study
Design
(27.6% of total)
>
T
Data Analysis
and Reporting
(25.5% of total) P
. USS$28.2B —
Reproducible (50%) P
Laboratory
Protocols

/

(10.8% of total)
L .

Estimated US Annual Preclinical
Research Spend

Freedman LP, Cockburn IM, Simcoe TS (2015) The Economics of
Reproducibility in Preclinical Research. PLoS Biol 13(6): €1002165.
doi:10.1371/journal.pbio.1002165
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How to boost reproducibility? beyond

a cut above

WHAT FACTORS COULD BOOST
REPRODUCIBILITY?

Respondents were positive about most proposed improvements
but emphasized training in particular.

® Very likely « Likely

Better understanding i i
of statistics : : 2

Better mentoring/supervision

More robust design

Better teaching
More within-lab validation

Incentives for better practice

Incentives for formal
reproduction

More external-lab validation

More time for mentoring

Journals enforcing standards

More time checking
notebooks : : : :
1,500 scientists lift the lid on reproducibility nature 0 20 40 60 80 100%
"#$%&'()%*('+,-).'/0".)%'12#, (,(3'#/24,0-'#%(%5#2)6
7/0&5 854%7%25 May 2016 Corrected: 28 July 2016
http://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970
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2. TRANSLATIONAL ONCOLOGY MODELLING BASICS
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a cut above

Direct Target Indirect Target § Physiological Disease Outcome/
Exposure : :
Engagement Engagement Response Modulation Endpoints
target itself “downstream” signalling tumour perfusion cell cycle arrest cellular growth inhibition
“immediate” target blood glucose proliferation tumour growth inhibition
apoptosis ORR
PFS
(0N
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a cut above

"AC-$6+6>% M$-&,-&( |l S2386B&E

M$'&89-83 (I P9:$'&88,>&

0O5%6-2'&

09> >&B&9 09> >&B&9 Q&-*69-& R6:2+,3%$69 09:*6$93-
3,>&3($3-&+# 1:6TO-3'&,B.(-$>9,++$9>  32B62'(*&'#2-$69 8&++(8C8+&(,"&-38&++2+'6T3A($9AS4$3$69
I$BB&;$,3&.(3,>&3 4+66;(>+286-& ©6+$#&' 3860  32B62' >'6T3A(SIAS4$3$69
*6*36-$- SQQ
"U1
s1
A

! I "#$%&l () (*$+ + y - . Pillar 1 and 2 Pillar 1,2,3
10 12$3,4+&(&56-2'&(7-$3&(6#( - g o

* 5 tested mechanism * All 14 tested mechanism

; 2 ' y 3$69 < * 2 phase |l starts * 12 tested mechanism &
achieved positive POC

:O 12##$8$&93(3, l>843 (4$9 ’$9>( * 8 advanced to phase Il
)O ?,&@2,3&(*A,IB,86+6>C C%ﬂ;gi‘;fe Case study 2: CCR5

None or partial Pillars Pillar 2 and 3

Jotal = 12 Total=6

* 12 failed to test mechanism * 5 tested mechanism

and all were phase Il RIPs * No phase Il starts
. Case study 1: D3

"HEY68. (V6)*+,%+)%-(JOIS(1%2(%/-34+5(.6%78%$.#-($&+% >
3'#4-#0+9/$(&/0%#$. %3 #4-#0+*+:/0#*%34/$0/3*(1% Phar I fiden
&+ #4.9%]-34+5/%:%; 41 (%<<% 1 84THUPBiscovery armacology confidence
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a cut above
Direct Target | Indirect Target | Physiological Disease Outcome/
Exposure : :
Engagement Engagement Response Modulation Endpoints
target itself “downstream” signalling tumour perfusion cell cycle arrest cellular growth inhibition
“immediate” target blood glucose proliferation tumour growth inhibition
apoptosis ORR
. PFS
a Reasons for lack of clinical efficacy 0s

Target linkage to disease not established
or no validated models available

Dose limited by compound characteristics
or tissue exposure not established

Indication selected does not fit
strongest preclinical evidence

Evidence from previous
phase not robust enough

I | | 1 1

0 10 20 30 40 50
Percentage of all reported reasons (total number of projects: 28)
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a cut above
Right target
« Strong link between target and disease <=>(-734>2-:0120?(@
B rtaced efficacy . | A2-3/-B3261-2%(+/07(-2>62-2(6C/-62(-
* Available and predictive biomarkers (+:*0?64(,-6+,-?(D67?,(,-2*-6/;-2>(-<;311(?-
EO(/23*+@F-67?(-?(:*4+3G(,-H*?-2>(-E06132)-*H-
Right tissue 2>(3?-1:3(+:(F-6+,-6?(-D(11-*++(:2(,-2*
» Adequate bioavailability and tissue exposure 2>(-(12(?+61-/:3(+23H3:-*CCO0+32)-6+,-
* Definition of PD biomarkers 1033*?2(,-9)-(13(?3(+:(,-1(6,(?/-D32>-6-
¢ Clear understanding of preclinical and clinical PK/PD 2(:?,-*H-4** -K0,4C(+2
* Understanding of drug-drug interactions A P

Right safety

e metabolltes. genotoxicity, drug-drug interac

r -':':‘.lﬁ{ ‘1 Hl';l‘
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How reliable are xenograft tumour models? m

a cut above

e 2001 Method: Mouse MTD efficacy was compared with clinical response

» 2001 perspectives: for compounds with in vivo activity in >1/3 xenograft models,
there was activity in >1 Phase Il trials.

“39 agents with both xenograft data and Phase Il clinical trials results”

Xenograft Histology
0.8 MEBreast M Colon O Leukaemia
= COMelanoma @ Lung W Sarcoma
0.8 *
- -

€ —
3
4 0.4
S
c
o
® 02
D
5
o
= 0
&
[ =
o
E .02
&2
n

-04

-0.6

-0.8

Breast NSCLC Melanoma Ovary Brain & CNS Colon Gastric Head & Neck Pancreas Renal
Clinical Histology
* -statistically significant correlation Johnson et al, British Journal of Cancer (2001) 84(10), 1424-1431
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Should mouse xenograft models be abandoned? @

a cut above

Mouse MTD efficacy was only moderately predictive of clinical
response

Next question: What is the problem?

* Tumour biology difference (growth rates, immune competence,
stromal content, orthotopic location)?

* Exposure differences?
: Direct Target Indirect Target § Physiological Disease Outcome/
xposure Engagement Engagement Response Modulation Endpoints

30/11/2018 Beyond Consulting Ltd tao.you@letsgobeyond.co.uk 20



s mouse MTD efficacy relevant? m

* The ratio R=(AUC-mouse-MTD)/(AUC-humans) was computed for 9
compounds

* Results: R<1 was a necessary, but not sufficient condition for success

Calculated Ratio:

Drug Clinical Result | (Mouse MTD AUC) Calculation details

/(Human clin. AUC)
Carzelesin Failure 40 Table 2 (80/2)
DMP840 Failure 7 Table 2 (17.5/2.5)
MGI-114 Failure 7 p839, col2 text (214/33)
9-AC Failure 4 Kirstein et al., Clin. Canc. Res., 7, 358 (2001)
Sulophenur Failure 3 Table 2 (8/3)
Topotecan Success 0.3 Table 2 (10/3)
Melphalan Success 0.3 Table 2 (1/3.5)
EPO906 Failure 0.3 See Backups
Irinotecan Success 0.2 Table 2 (16/100)

Peterson and Houghton, Eur. J. Canc., 40, 837 (2004)
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USRS & (HS)(+ .. &, )-$./8&+0/&("128,3  beyond"

Methods

* 10 chemotherapy drugs were tested on
mouse A2780 ovarian carcinoma
xenografts.

* PK/PD models were constructed to
estimate the exposures needed for
preclinical tumor shrinkage.

Results

e Strong correlations (R = 0.94) was
observed between preclinical exposures
needed for tumor shrinkage and the
exposures achieved in the clinic under
standard treatment.

a cut above

L0000+
5-f|uorouraci|i gemcytabine
1000+
9 ] etoposide
é irinottlaoca paclitaxel
; E 100 doceta.xel
% téo oxorubicin
v _
o . .
a 10- vinblastine
|, vingriStine
1 v v L L | v v L LI | v v L L | v v L
0.01 0.1 1 10 100

Exposure needed for A2780 shrinkage
(mg/(m?h))

Rocchetti et al., Eur. J. Canc., 43, 1862 (2007)



= Exposure difference is relevant @
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Clinical data <-> In vivo design b/e;m

-

Invitro  P"($*?

In vivo it -
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0>%$%%$:- /[>")?'

EFG55G7F5H

a cut above
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a cut above
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I Can in vivo tumour models forecast clinical tumour responses?
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Afatinib: In vivo <-> clinical efficacy @

a cut above

* Situation
» Afatinib (an EGFRi) has been studied in PC-9 xenograft and in NSCLC patients
* Need to evaluate different EGFR inhibitors

e Task

* What is the minimum PC-9 efficacy required to see clinical response?

* Action
* Construct afatinib preclinical PK/PD model for PC-9 data
e Simulate PC-9 response under the clinical exposure
* Compare the simulated tumour growth with clinical responses

* Result
e PC-9 gave similar but different responses with clinical tumours



«> Afatinib Preclinical Modelling @
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* Situation:
* Mia PaCa2 is an often-used pancreatic cancer model

* Task:
* |s Mia PaCa2 predictive of clinical efficacy?

* Action:
* Infer Mia PaCa2 in vivo dose-efficacy relationship
e Simulate Mia PaCa2 tumour growth under the clinical dose
* Compare the simulated tumour growth with clinical responses

e Result:

e Simulated Mia PaCa2 tumour growth under the clinical dose was slightly less sensitive than
clinical tumours

* This reassures the validity of Mia PaCa2 as a model for gemcitabine
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Gemcitabine dose-response in Mia PaCa2

* Gemcitabine in Mia PaCa2 model
* Drug is metabolised intracellularly

* Linear mixed effects model constructed
* Suggests a weak dose-response relationship

1 Dose-response
“1 <" [ model
!ll#ll$ll%&lll 15 H .D‘r_} ! -
10 4 =
Yoon 2012 5 L
9 5 7
Yoon 2012 : %
g i — 20
Azzariti 2011 . pd b
Campbell 2010 : o [
Jamoesm 7Y ! — 5
Yeo 2014 - - 2 3
Engelke 2013 “7
15 4
Yada 2008 10 -
5 | oo oo |
T T T T | T T T T T T
0 10 20 30 0 10 20 30
Time (Days)
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I Tumour shrinkage rate distribution

| Red solid: median
| Red dashed: IQR
| Blue solid: mean

I Mia PaCa2 moderately under-estimates clinical responses

Celgene, Phase Ill, 2008 Sanofi, Phase Ill, 2007 Model prediction VS. clinical data
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* Which rate laws accurately recapitulate tumour growth?
e Parametric inference: T VIODES AGLAEIGE

STRUCTURE DISTRIBUTION

* Interpolation: Models are often used to make interpolated predictions

* Which rate laws accurately predict tumour growth?
* Extrapolation: future tumour growth
* Good inference is necessary but not sufficient for good prediction
* Uncertainty in model structure
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! Tria I status # ip, if all the trials are in progress
s =, t, ifthe program failed to proceed to phase i + 1 (i.e., terminated)
m, if the phase transition can be inferred to be missing

I Conservation law Total trials
in phase j
L o e d = 1,23
trials in phase j N "r“ P

Total active
trials in phase j

Probability of success POS,. 1 (Path-by-Path¥

Observable trials
j+1 in phase j+1

(Phjtoj+1) N+t on Total active trials
in phase j
e nApproval
Probability of success POS, spp(Path-by-Path) =
(Ph 1 to registration) ’ n' +nl —n, —n, —n,
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Phase-by-phase formal definition @

a cut above

* Tria I status ip, if all the trials are in progress
s = {t, ifthe program failed to proceed to phase i 4+ 1 (i.e., terminated)
m, if the phase transition can be inferred to be missing

* Conservation law Total trials
in phase |

Qbsgrvable L o = —d —a Vi =123
trials in phase j N ;” i1

Total active
trials in phase j
Observed
transitions to

phase j

POS = ——1"

JJ+1 .
W — ni-p Observed active
trials in phase j

POS] ;p = | ] POS;,,

Je{l,2,3}

* If no missing trials, the two models are identical
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Exposure

Pillar 1 and 2

Target exposure and target binding
concur but no data to show relevant
downstream pharmacology effect
at site of action.

Risk in relying only on exposure
and binding; study design &
decision-making from clinical
endpoint needs to be clear

Pillar 1,2,3

Target exposure shown and concurs
with target binding which results in
expression of relevant downstream
pharmacology effect at site of action.
PKPD well established. Maximum
confidence in translation of drug
exposure and pharmacology & of
testing the mechanism

confidence

None or partial Pillars

Binding to target but no data to
show relevant downstream
pharmacology effect; exposure only
in plasma, not at target site (e.g
CNS). PKPD not well established.
Serious concerns that mechanism
will not be tested & clinical
studies unlikely to be definitive

Pillar 2 and 3

Binding to target shown but exposure
only in plasma, not at target site (e.g
local administration to target); data
showing relevant downstream
pharmacology effect.

Reasonable risk being carried
forward if confident that drug
reaches target in humans & clinical
endpoint relevant to site of action

>
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I"#$%&'($Pefine the necessary compound profile to

Exposure Target DISERES Outcome fulfill PoM criterion
Engagement | Modulation

*4 _
Direct / n +, $

&= Efficacy

Indirect lo * Project direction: A valid target compound profile to
support PoM study

In vitro Medium &=

In vivo Plasma -_— DIl —_— DM &= Efficacy

Tissue Indirect . . . . .
* Time saving: Shorter path to an in vivo experiment to

demonstrate understanding of efficacy
/1$,'($0+",$1
* Target compound profile criteria

* Design of an in vivo experiment to demonstrate in
vivo efficacy
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Objective: Identify combination partner to deliver the
Exposure | _ 12r8et DISEase Outcome best clinical efficac
P Engagement | Modulation y

Invitro  Medium :?:;Ier(:c{c Efficacy Value
* Project direction: A valid target compound profile
In vivo Flesine — Viirest - DM =  Efficac HRE ;
Tissue Indirect ei lV supported by clinical evidence
Clinical  Plasma ID‘C';‘_’-Ct{ DM Sy e Time saving: Shorter path to an in vivo experiment
nairee supporting clinical feasibility

Information required Deliverables
* Combination partner * Identify clinical dosages for the combination

— PK/PD information of tumour models treatments

— Clinical popPK * |dentify the best dosing schedule

e Own compound
— Preclinical PK/PD/Efficacy data
— Forecast clinical PK
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2. Clinical data -> In vivo combi design @
B A A
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Direct /

In vitro Medium Efficacy
Indirect
In vivo Plfasma - Dlrgct/ - DM &= Efficacy
Tissue Indirect et l
Clinical Plasma Dlrgct/ DM Efficacy
Indirect

Triggering question

* What in vivo efficacy is needed to be better than (direct and indirect) competitors?
* What potency is needed to be better than (direct and indirect) competitors?

* What is the desired PK profile of your candidate compound?

 How would you predict efficacy (e.g. ORR) for your drug combination in the clinics?
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3. In vivo data -> Clinical design

Objectives: Define PoP criterion (phase 1)
Exposure Target DISEAsE Outcome
. Engagement | Modulation Benefit

Direct /

Invitro Medium <= . & < e Efﬁca& * Project direction: A valid clinical biomarker

oo Plasma | Direct/ _ oo oS ex-perlment design supported by preclinical
Tissue Indirect y science

Clinical  Plasma I'?]‘C'j’i::c{ DM Fr— e Time saving: The right experiment indicating

signs of clinical efficacy at the first time
Deliverables
* Forecast clinical PK

* Target clinical modulation of TE (i.e. minimum
TE that is needed to modulate disease)

 Recommended timing of biopsy to assess TE
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