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> About me m

a cut above

Mathematical and statistical modelling, Bioinformatics

* Chemical Engineering, BE, 1998-2002
* Biological and Chemical Engineering, MSc, 2002-2003 /SP7£7 singapore-MIT Alliance

. . EBNUS
* Cancer Bioinformatics, 2003-2005 %) e
- Systems Biology, PhD, 2005-2009 ~ BZ

_ ¥ or ABERDEEN CRISP
* Systems Biology, Postdoc, 2009-2011
* Physiological Modeller & PK/PD Modeller, 2011-2015 AstraZeneca
Boehringer

* PK/PD Modelling Lab Head, 2016-2018 1V tngelhein
* PK/PD Modeller & Data Scientist, Aug 2018 - now
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= Aims @

a cut above

* Review the pain points in drug R&D

e Evaluate the growth of in vivo tumour models

 Translational PK/PD modelling: Value proposition, examples

* Gene signature for tumour growth




a cut above

1. THE REASON WHY?
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Probability of Success: Phase-by-phase @

a cut above

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-year rolling average* to launch
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Smietana et al. (2016) Trends in clinical success
rates. Nat Rev Drug Disc. 15: 379-380
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Clinical trials 2000-2015
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(a) Cumulative number of trials over time
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(c) Proportion of trials by phases
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(b) Increase in the number of trials over time

~186,000 trials in total

Ophthalmology; 2.5% - Vaccines (Infectious Discase); 3.2%

——

Infectious Discasc;

10.9%
Oncology;
Genitourinary; ;;o 6:6?‘
2.6% ‘
Autoimmune/
Inflammation;
11.0%
Metabolic/
CNS; 13.7% Y Endocrinology;
9.8%

Cardiovascular; 12.6%
Lo et al. (2018) Estimation of clinical trial success

(d) Proportion of trials by therapeutic groups rates and related parameters. Biostatistics. p 1-14
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Probability of Success (POS) m
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Phasel  Phase2  Phase3  Approval o Phgge-by-phase counting

Drug Development 001 ‘ ‘ ‘ ¢ POS]_’Z =1

1
¢ POSZ 3=
Drug Development 002 ‘ ! 2

1
Drug Development 003 '

1 1 1
¢ POSl,App =1x EX E= Z

* Widely used in the past

* Ignore missing trials

Lo et al. (2018) Estimation of clinical trial success
rates and related parameters. Biostatistics. p 1-14
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Probability of Success (POS) m

a cut above

Phasel  Phasez  Phase3  Approval e Pgth-py-path counting

Drug Development 001 ‘ ;\""‘) ‘ ‘ * Missing Phase 2 is inferred
* POS,,=1
Drug Development 002 ‘ 2
¢ POS,;=~
2,3 3
Drug Development 003 ' o POS _l

2 1 1
* POSl,App =1X§XE=_

3
* Used by Lo et al

* Considers missing, in progress and terminated trials
* More accurate description than phase-by-phase

Lo et al. (2018) Estimation of clinical trial success
rates and related parameters. Biostatistics. p 1-14
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Cancer drug programmes are more risky (on average) than previously thought

100%
80%
60% -~— -~ . — o . —o —-—
‘_
0% ::‘—‘\*\—:\.\.\\;\0\.‘ —e
20%
0
2004 2006 2008 2010 2012 2014 2016
——Phasel —&—Phase2 —€—Phase3 —#—Overall
35.0%
30.0% N
25.0%
20.0% > 20.9%
15.0%
10.0% T —=o — y

[ —
@ o

5.0% I . . )

‘-----------------------------

]

---------’

0.0%
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Vaccines (Infectious Disease) —e— Metabolic/ Endocrinology —e— Cardiovascular
CNS ' Autoimmune/ Inflammation Genitourinary | et g/, (2018) Estimation of clinical trial success
—e—Infectious Disease —e— Ophthalmology —e—Oncology rates and related parameters. Biostatistics. p 1-14
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Cancer drug: Phase 2 is key m
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All indications (industry)

Phase 1 to Phase 2 Phase 2 to Phase 3 Phase 3 to Approval Overall
POS 2, % POS,3,%  POSApp, % 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) (1.4) (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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Pfizer 3 pillars (2012) m
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* “Pfizer 3 pillars”
1. Suitable exposure (site of action, duration)
2. Sufficient target binding A

Pillar 1 2 Pillar 1,2,
3. Adequate pharmacology e300 1
Total = 12 Total = 14
* 5 tested mechanism * All 14 tested mechanism
* 2 phase Il starts * 12 tested mechanism &
achieved positive POC

* 8 advanced to phase |lI

Exposure Case study 2: CCR5
confidence
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 lll starts

Case study 1: D3

Can the flow of medicines be improved? Fundamental
pharmacokinetic and pharmacological principles Pharmacology confidence
toward improving Phase Il survival Drug Discovery
Today. 17, 419424 (2012)
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AstraZeneca: Lack of clinical efficacy (2014) @

a cut above

Direct Target Indirect Physiological Disease Outcome/
Exposure : :
Engagement Target 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 | | I I

0 10 20 30 40 50
Percentage of all reported reasons (total number of projects: 28)
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AstraZeneca 5R’s framework @

a cut above

Right target
“» Strong link between target and disease The .r|ght culture
» Differentiated efficacy It is vital to ensure that teams are
* Available and predictive biomarkers encouraged and rewarded to ask the “killer
: ’ question”, are recognized for the quality of
Right tissue their science, and are well connected to
» Adequate bioavailability and tissue exposure the external scientific community and
* Definition of PD biomarkers supported by experienced leaders with a

* Clear understanding of preclinical and clinical PK/PD

» Understanding of drug-drug interactions record of good judgment

Right safety
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“We can judge our progress by the courage of our questions
and the depth of our answers, our willingness to embrace
what is true rather than what feels good.”

— Carl Sagan (1934-1996)
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THE OPEN PROJECT (TOP) beyond"

* Vision
Affordable and effective novel therapies discovered and developed based on all
accessible, relevant data in a timely manner

* Mission
Pioneer in translational modelling to develop, validate and improve quantitative

methods and tools for accurate experimental design to enable robust decision
making in drug discovery and development



THE OPEN PROJECT (TOP) beyond"

* Participants
* Open: Any one can join for free to share data, models, codes and ideas
* Transparent: All results are properly documented to help the community

* Meritocracy: Participants are required to demonstrate understanding of the
code, rules, and culture of the project before being invited to join



Translational Oncology Modelling Goals m

a cut above

TRANSLATION TRANSLATION

In vitro In vivo
tumour model tumour model

Challenges

Translation 1. in vitro efficacy <-> in vivo efficacy

* How do in vitro tumour models grow?

"« How do in vivo tumour models grow? N

* Which rate law accurately recapitulates tumour growth?
* Which rate law accurately predicts tumour growth?

N Can in vivo gene expression predict in vivo tumour growth? Y.

Growth: Exchangeable with “response to treatments”

07/11/2018 Beyond Consulting Ltd tao.you@letsgobeyond.co.uk 17



a cut above

1. In vitro data -> In vivo design

Objective: Define the necessary compound profile to

Exposure Target DISERES Outcome fulfill PoM criterion
Engagement | Modulation

Value
Invitro  Medium = ID |(;ect/ - ~  Efficacy . ) . : :
ndirect lo * Project direction: A valid target compound profile to
I Plfasma 1L Dlrgct/ — DM — Efficacy support PoM study
Tissue Indirect

* Time saving: Shorter path to an in vivo experiment
that demonstrates understanding of efficacy

Deliverables
* Target compound profile criteria

* Design of an in vivo experiment to demonstrate in
vivo efficacy

07/11/2018 Beyond Consulting Ltd tao.you@letsgobeyond.co.uk 18



Translational Oncology Modelling Goals @

a cut above

TRANSLATION TRANSLATION
In vitro In vivo
tumour model tumour model
Challenges

Translation 2. in vivo efficacy <-> clinical efficacy

* How do clinical tumours respond?

e Can in vivo tumour models forecast clinical tumour responses?
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2. Clinical data -> In vivo design m

a cut above

Objective: Define and support PoC strategy (phases 1-2)
Exposure Target DISEasE Outcome
E Engagement | Modulation Value

Direct /

Invitro  Medium Efficacy * Project direction: A valid target compound profile
_ Plasma Direct / | supported by clinical evidence
In vivo o R DM &= Efficacy , ) .. .
'Si”e ndirec 11  Time saving: Shorter path to an in vivo experiment
Clinical Plasma I?llc:ier(:c{ DM Efficacy Supportmg clinical feaS|b|I|ty

Deliverables

* Identify clinical efficacious doses and optimal dosing
schedule for the (combination) treatment

* |dentify the best clinical combination partner
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a cut above

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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Translational Oncology Modelling Goals @

a cut above

TRANSLATION TRANSLATION

In vitro In vivo
tumour model tumour model

Challenges we tackle here

* How do in vivo tumour models grow?
* Which rate law accurately recapitulates tumour growth?
* Which rate law accurately predicts tumour growth?

e Can in vivo gene expression predict in vivo tumour growth?
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a cut above

2. IN VIVO TUMOUR GROWTH RATE LAWS

* Which rate law accurately recapitulates tumour growth?

 Which rate law accurately predicts tumour growth?

07/11/2018 Beyond Consulting Ltd tao.you@letsgobeyond.co.uk 23



a cut above

THE BACKGROUND
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~ Tumour Growth Rate Laws @

a cut above

* Linear
e Tumour radius expands linearly

* TV is used for fitting for consistent error model: TV = %n(ro +g=*t)3

* Exponential

e TV = TVOeat
* Exponential-linear: incompatible with tumour that shrinks
&V _ av _ 1 a1
- = apgl,t < 7; - = a,t>T. Vis smooth: 7 = o log (aoVo)
* Logistic
L av _ . .
pri alV (1 — E) a: growth rate (/day); K: carrying capacity (mm?3)
* Gompertz
_av

- = ae ~Bty a: growth rate (/day); B: decay rate (/day)



a cut above

Linear (actually cubic) growth

e Tumour radius expands linearly: TV = gn(ro + g =*t)3

* First proposed by Mayneord in 1932

e Assumption: Solid tumour growth is limited to a thin surface layer of cells
(competition for space, not nutrients)

* Notable data that “support” the model:

* Jensen’s rat sarcoma: n=8 et e, i | Casa o BB
o Wa I ke r rat t u m O u r: n = 5 Schrek, R. (1935) A quantitative study of the growth
ofthe Walker rat tumor and the Flexner—Jobling rat
* In vitro cell colonies with proliferating rim: n=15 carenoma. Am. & Cancer 24, 837822
. . Bru, A. et al. (2003) The universal dynamics of
[ Ce” Ilne derlved Xenografts: n=16 tumor growth. Biophys. J. 85, 2948—-2961
e Clinical untreated low-grade gliomas: n=27 S R

gliomas. Ann. Neurol. 53, 524-528



Exponential growth
« TV = TVye® with doubling time In(2)/a
* First proposed by Collins in 1956

e Assumption: Tumour cell doubling time is constant

* Notable clinical data that “support” the model:
e Soft tumour: L1210 leukemia in 1970

* Solid tumours (sometime restricted to the initial period):

Untreated breast cancer: n=12

Primary pulmonary malignancies: n=41

Pulmonary metastases from various primary tumours: n=118
Pulmonary metastases from mesenchymal malignancies: n=16
Renal cell carcinomas: n=16

a cut above

Collins, V.P. et al. (1956) Observations on growth
rates of human tumors. Am. J. Roentgenol. Radium
Ther. Nucl. Med. 76, 988—1000

Shackney, S.E. (1970) A computer model for tumor
growth and chemotherapy, and its application to
11210 leukemia treated with cytosine arabinoside
(nsc-63878). Cancer Chemother. Rep. 54, 399-429

Friberg, S. and Mattson, S. (1997) On the growth
rates of human malignant tumors: implications for
medical decision making. J. Surg. Oncol. 65, 284—
297



Exponential-linear /;’—\\\\

eyond

a cut above

* Exponential-linear: incompatible with tumour that shrinks

av av . 1 a1
e —=qogV,t<1;,—=a4q,t >1.Vissmooth: T =—lo ( )
dt 0% T dt 1 ao g ao Vs
* Simeoni model approximates the original model
dHf‘(‘t) B )\() * H-"(t)
dt A() 1/w
I+ | —-w(t)
)\l Simeoni, M et al. (2004) Pharmacokinetic-
, Pharmacodynamic Modeling of Tumor Growth
H(O) = Wy Kinetics in Xenograft Models after Administration of

Anticancer Agents. Cancer Research. 64, 1094 —

qu 20 1101
* Popular among PK/PD community

* Notable data that “support” the model:
e Various types of CDX tumour: n=30

07/11/2018 Beyond Consulting Ltd tao.you@letsgobeyond.co.uk 28



Logistic growth m

e« — =al (1 — %) a: growth rate (/day); K: carrying capacity (mm?3)
* First proposed by Robertson in 1923
* Assumption: Solid tumour growth is limited to a finite size

* Notable data that “support” the model:
* Breast cancer: n=433

Robertson, T.B. (1923) The Chemical Basis of
Growth and Senescence. J.B. Lippincott & Co.

07/11/2018 Beyond Consulting Ltd tao.you@letsgobeyond.co.uk 29



Gompertz grovvth @
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* First proposed by Casey in 1934
* Assumption: Diffusion and competition for nutrients / tumour self-seeding

* Notable data that “support” the model:
* |n vivo animal tumours: n=19

_ . —-Q. 1 . — Klein, G. and Revesz, L. (1953) Quantitative studies
* B 16 melanoma n 8’ 13762 carcinoma: n 10 on the multiplication of neoplastic cells in vivo. I.
. . o~ growth curves of the Ehrlich and mc1m ascites
* BreaSt cancer patle ntS . n_250 tumors. J. Natl. Cancer Inst. 14, 229-277

Norton L et al. (1976) Predicting the course of
Gompertzian growth. Nature 264: 542-545

Norton, L. (1988) A Gompertzian model of human
breast cancer growth. Cancer Res. 48, 7067-7071



Exceptions @

a cut above
* Spontaneous regression
* No growth
* Irregular growth rates

* Accelerations of growth

Friberg, S. and Mattson, S. (1997) On the growth
rates of human malignant tumors: implications for
medical decision making. J. Surg. Oncol. 65, 284—
297
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e
> Goals m
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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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a cut above

THE DATA
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Novartis Mouse Clinical Trial @

a cut above

PDX control experiment overview
e 224 PDX’s in total
* Most control experiments are less than 100 days
e First pe ak: 15-20 d ays Experimental Duration Histogram
* Second peak: 85-90 days _

30-

)
o

Number of Animals

[y
o
1l
1

- —
—3

Tl'ﬂn'ﬂ'l 0n 0

0 100 200 300
days
07/11/2018 Beyond Consulting Ltd tao.you@letsgobeyond.co.uk 34




Novartis Mouse Clinical Trial m
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PDX control experiment by histology

* Histology
* GC (gastric) 44
e CRC (colorectal) 42 Experimental Duration Histogram
* BRCA (breast) 39
e NSCLC (non-small cell lung) 29 o
* PDAC (panc duct adeno) 37
* CM (cutaneous melanoma) 33 “» -
. . . L. . e stology
* Experimental duration distribution £ ] sRea
g CcM
* Similar across histology I [] cre
o [ ] ac
* Second peak (85-90 days): 2 ] nsac
- BRCA Z 10 -
* CRC
S il 1{ N
* All CM experiments < 64 days 0- SLREen 1 :
0 100 200 300
days
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Novartis Mouse Clinical Trial @

a cut above

PDX control experiment overview
 Starting volume

. N 3 ..
100~300mm Individual TV
* Exceptions
* Spontaneous regression: Yes 2000 1 | MOS:(I:A
i
* No growth: Yes | — CM
* Irregular growth rates: Maybe £ 1500 - | | . géc
* Accelerations of growth: Morphological or £ QSX(L;C
genetic adaptation? %
3 1000
)
= |
= P 1
500  MEEICELAN/ ¢/
O' o
0 100 200 300
Time (Day)
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Novartis Mouse Clinical Trial

PDX control experiment overview

e Growth (day 0~100)

* Tumour growth varies by histology?

* Hard to tell from this plot
e See each histology next

07/11/2018

Individual TV

b

2000 -+

1500 -

TV (cubic mm)
S
3

500 -

e
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PDX control experiments m
X: PDX number

GC CRC
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. - gggg _@ l® | i ¥4 4 | goo
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: o P e o P J - é’88 F 1500 — -
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17808 - : ol R el A | -
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=i e - - 1000 @ s (PP # Catl B goo
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T B ST L i e R e L o [X-14411X-5494[X-2822[X-1055|X-1855|X-1500/X-2846 |
2000 u ) B
1500 - - 1000
1860 - e N S N o |
O#IIFIII?I]I?IIIFI[I?IIIH 0 It rrrrr T Tt rrrrrra Illlh
0100 300 0100 300 0100 300 0100 300 050 150 050 150 050 150 050 150
TIME TIME
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PDX control experiments

X: PDX number
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PDX control experiments m
X: PDX number

PDAC CM
0 40 80120 0 204060 0 204060
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WHICH RATE LAW ACCURATELY RECAPITULATES
TUMOUR GROWTH?
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Linear model fits well @

a cut above

: : 4
* Fixed: ry, g; Random: diag(r,, g) TV = §n(r0 +gx*t)3
IWWWW
Fitting by NLME in R:
o 0.043 3160 &4 TVA = 200 mm3
0=
g 0.041 0.0032 3160 13 0 g-= 0.041 mm/day
Linear Model Linear Model
1 _ 5
R2=0.933 S 4 R?=0.002
o0
2000 - - “
- Q
o © %
1500 — . ¢ B 2 s 1o Q
g o 0‘\ ) % w
> . E S o
E’ 1000 ‘3 N - § ° © Oo o ©o° 0
i . .‘. A g (=] ©o OO ¢
. o g ] o] o O
] o [ . ’ Y CQ)% ’:’:‘
500 . S - 3 | 0 o2e
. . S o
' = °
0 3 L S
o
T T T l T T | T | T T
0 500 1000 1500 2000 4 3 ) 1 0 1
TV

r0 random effects
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Exponential model fits well

* Fixed: TV,, a; Random: diag(TV,, a)
-mmmm
Vo 220 3160 41

a 0.026 0.0020 3160 13 0

Exponential Model

1 | 1 1 1
R2=0.943
o
o
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0 500 1000 1500 2000
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a cut above

TV - TVOQat

Fitting by NLME in R:
TVo =220 mm3
a=0.026

Exponential Model

R?=0.0002 °

-200 -100 0 100 200 300

TVO random effects
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* Fixed: TV,, a,, T; Random: diag(TV,, a,) P

d
-WWWW

av

Vo 220 3159 41
dg 0.026 0.0020 3159 13 0
f---------------------------‘
LT 280 8600 3159 0.032 0.97 |
---------------------------J
R2=0.943
2000 | . -
1500 R - 8
g . .o. . %
g 1000 | '_. 2 3.' - E
.‘. cou
500 ° f v .
0 - H L
(]J 5(1}0 10100 15Ioo 2oloo
TV
07/11/2018

R =a0V,tS

-0.05 0.00 0.05 0.10

-0.10

av

Fitting by NLME in R :

TVo =220 mm3
a =0.026
T: Not sure

Exponential-linear model was actually just exponential m

a cut above

T =a,t>T.Vis smooth: T = —log( 4 )

ao aoVo

This fitting is based on all
tumours. Looking at each
histology may lead to
different results.

R?=0.0002 o

T T | T
-200

TVO random effects
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Logistic model fits well using SAEMIX m

a cut above

* Fixed: TV, K, a; Random: diag(TV,, K, a) % =al (1 — g) a: growth rate (/day); K: carrying capacity (mm3)

TV, 220 4.7 2.2

Fitting looks OK. Random effects not correlated
Logistic model can recapitulate all PDX’s

K 950 160 16
Correlations between random effects
a 0032 0.0029 9.0
1 1 1 1 1 1
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Gompertz model was actually just exponential beyond

a cut above

. . dv —
* Fixed: TV,, a, B; Random: diag(TV+a+p3) - = ae Aty a: growth rate (/day); B: decay rate (/day)
Fitting by SAEMIX: [ is close to zero. Random effects
TV, 210 5.0 2.4 :
not correlated. Gompertz reduced to exponential.
Ln(a) -3.7 0.059 1.6
Correlations between random effects
Ln(ﬁ) -22.7 2.8 12 50 40 30 20
LR ’ - §
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All rate laws accurately recapitulate control PDX growth @

a cut above

* Parametric inferences were successful
* Exponential-linear, logistic and Gompertz reduced to exponential model
e Essentially only two types of dynamics: linear and exponential

Individual TRAD Individual TV

1000 -

100 -

TV (cubic mm)

10 1

0 25 50 75 100 0 25 50 75 100
Time (Day) Time (Day)
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All rate laws accurately recapitulate control PDX growth @

a cut above

* Parametric inferences were successful
* Exponential-linear, logistic and Gompertz reduced to exponential model
* Essentially only two types of dynamics: linear and exponential

* Does growth rate vary by histology?
* Inference using linear and exponential models
* Are inference results consistent?
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Growth rate varies by histology

* Inferences by both models are largely consistent
e Linear: NSCLC and CM grow significantly faster than BRCA
* Exponential: PDAC, NSCLC, CM grow significantly faster than BRCA

PDX growth by histology (linear model)

PDAC A

NSCLC -

@
O

Histology

CRC 4

CM -+

BRCA 1

0.000
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0.100 0.00
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a cut above

PDX growth by histology (exponential model)

0.02 0.04
PDX Growth Constant (/day)

0.06
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a cut above
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