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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
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Fitting by NLME in R:
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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
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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 °
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* Fixed: TV,, a,, T; Random: diag(TV,, a,) P

d
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R =a0V,tS
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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.
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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
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Correlations between random effects
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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.
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Which rate law accurately recapitulates tumour growth?

 All rate laws successfully recapitulate all PDX control growth
* Parametric inferences were successful
* Exponential-linear, logistic and Gompertz reduced to exponential model
* Essentially only two types of dynamics: linear and exponential
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a cut above

Histology
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& Which rate law accurately recapitulates tumour growth? @

a cut above

 All rate laws successfully recapitulate all PDX control growth
* 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)
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a cut above

PDX growth by histology (exponential model)
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Supporting slides m

a cut above
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Logistic model could not be fitted by NLME m

a cut above

* Fixed: TV, K, a; Random: TV, Y av (1 — E) a: growth rate (/day); K: carrying capacity (mm3)

dt
-WWWW

Ideally random effects should include K and a

3159 44
Unfortunately, NLME can only handle TV, as a random
K 200 5.7 3159 35 0 effect
la 0015 76e4 3159 20 o 1 Other configurations leads to computational errors
o e - o
| | | | The results were not good:
R?=0.902
TVo =290 mm3
00 5 i K =200 mm3 This looks really suspicious
) a: Negative This violates the assumption of the model
1500 ] .%.. 5 * B . . . . .
8 R An alternative optimisation algorithm was used for
E V3% model fitting
g 100 . XN I Stochastic Approximation Expectation Maximisation
. B a. (SAEM) for mixed effects models — SAEMIX R library
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a cut above

Q&“ Gompterz model could not be fitted by NLME

* Fixed: TV,, @, B; Random: TV +a+f~1 — = ae PV a: growth rate (/day); B: decay rate (/day)
v N
-mmmm The best model allow random
Vo 230 3159 51 effects to be correlated

a 0.022 0.0020 3159 11 0

p  -0.018 0.0033 3159 -53 0 q The fitted S was supposed to
' ' : ' ' be larger than 0 to indicate
R?=0.978 decay in growth rate — this

violates the assumption.
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* Linear model
WALD

Growth rate varies by histology

ANOVA

a cut above

-WWWW -WWWW

0.043 3155
g(BRCA) 0.022 0.0075 3155

g(CM) 0036 0.011 3155
g(CRC)  0.021 0.010 3155
g(GC) 0.0089 0.010 3155
g(NSCLC) 0.038 0.011 3155
g(PDAC) 0.016 0.011 3155

3.1
3.2
2.0
0.87
3.3
1.5

0.0023
0.0013
0.0458
0.3844
0.0008
0.1320

e g(BRCA) is chosen as baseline
» To recover growth for other histology, e.g. CM: g(BRCA) + g(CM)
* Significantly faster than BRCA baseline: CM and NSCLC

02/11/2018

g(BRCA)
g(CM)
g(CRC)
9(GC)
g(NSCLC)

g(PDAC)

3155
3155
3155
3155
3155
3155
3155
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7099
172
5.13
0.670
0.744
8.92
2.27

<0.0001
<0.0001
0.0236
0.4133
0.3884
0.0028
0.1320

71



Growth rate varies by histology @

a cut above

* Linear model

* A different specification: PDX growth by histology

« No baseline | |
PDAC - ’ . |

e Each histology has its own
growth rate

nlme(TV~4/3*pi*(r@+(TYPE=="BRCA")*g_BRCA*TIME+ NSCLC 4
(TYPE=="CM")*g_CM*TIME+
(TYPE=="CRC")*g_CRC*TIME+

(TYPE=="GC")*g_GC*TIME+
(TYPE=="NSCLC")*g_NSCLC*TIME+
(TYPE=="PDAC")*g_PDAC*TIME)"3,

fixed = r@+g_BRCA+g_(M+g_CRC+g_GC+g_NSCLC+g_PDAC~1,

random = pdDiag(r@+g_BRCA+g_(M+g_CRC+g_GC+g_NSCLC+g_PDAC-~1),
data = dat.ctrl.grp,
start = ¢(3,0.1,0.1,0.1,0.1,06.1,0.1),
method="ML",
control = nlmeControl(
pnlsMaxIter=10, | |

@
O
1

Histology

CRC - ; . }

msMaxIter=100, CM A
tolerance=1e-3)

J
* Significantly faster than BRCA: SRCA - H
* NSCLC, CM

0.000 0.025 0.050 0.075 0.100
PDX Growth Rate (mm/day)
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Growth rate varies by histology m

a cut above

* Exponential model

WALD ANOVA
N X N TN N T

3155 0.0000 3155 1695 <0.0001
a(BRCA) 0.014 0.0034 3155 4.0 0.0001 a(BRCA) 1 3155 184 <0.0001
a(CM) 0.025 0.0064 3155 3.9 0.0001 a(CM) 1 3155 9.66 0.0019
a(CRC) 0.014 0.0054 3155 2.6 0.0108 a(CRC) 1 3155 2.69 0.1011
a(GC) 0.0059 0.0049 3155 1.2 0.2293 a(GC) 1 3155 0.0146 0.9037
a(NSCLC) 0.025 0.010 3155 24 0.0161 a(NSCLC) 1 3155 3.84 0.0502
a(PDAC) 0.011 0.0049 3155 2.2 0.0300 a(PDAC) 1 3155 4.71 0.0300

e a(BRCA) is chosen as baseline
» To recover growth for other histology, e.g. CM: a(BRCA) + a(CM)
* Significantly faster than BRCA baseline: CM, NSCLC and PDAC
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Growth rate varies by histology m

a cut above

* Exponential model

* A different specification:
* No baseline

PDX growth by histology

. . PDAC A
e Each histology has its own

growth rate |

nlme(TV~TV@*exp((TYPE=="BRCA")*a_BRCA*TIME+ NSCLC - "

(TYPE=="CM" )*a_CM*TIME+ | ‘
(TYPE=="CRC")*a_CRC*TIME+
(TYPE=="GC" )*a_GC*TIME+
(TYPE=="NSCLC")*a_NSCLC*TIME+ |
(TYPE=="PDAC")*a_PDAC*TIME),

fixed = TV@+a_BRCA+a_CM+a_CRC+a_GC+a_NSCLC+a_PDAC~1,

random = pdDiag(TV@+a_BRCA+a_(M+a_CRC+a_GC+a_NSCLC+a_PDAC~1),

data = dat.ctrl.grp,

start = ¢(150,0.01,0.01,0.01,0.01,0.01,0.01), CRC A1 ‘

@
O
1
L ]

Histology

method="ML",

control = nlmeControl(
pnlsMaxIter=10, |
msMaxIter=120, CM -
tolerance=1e-3)

)

* Significantly faster than BRCA:
* PDAC, NSCLC, CM

L ]

L ]

BRCA - % . }

0.00 0.02 0.04 0.06
PDX Growth Constant (/day)
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a cut above
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distribute or take any action in reliance on it. Any unauthorised use or disclosure of the contents of this message is not
permitted and may be unlawful and prosecuted.
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» All rights reserved. No part of this presentation may be reproduced, distributed, or transmitted in any form or by any
means, including photocopying, recording, or other electronic or mechanical methods, without the prior written
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