University of

=)
|
—
U

Nottingham
K [ CHINA | MALAYSIA

Mathematical modelling of
differentiation therapy for
glioma stem cells

Nicholas Harbour, Lee Curtin, Matthew Hubbard, Alfredo
Quinones-Hinojosa, Markus Owen, Kristin Swanson

MAYO
CLINIC

Y



Glioblastoma (GBM)

GBM has 5-year survival rate
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Current clinical setting

Radiotherapy
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Proposed BMP4 setting
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Radiotherapy assay data
® CTRL data ® BMP4 data == CTRL LQ fit

GBM1la GBM965 GBM626

QNS108

QNS166 QNS315

vy

-
@]
—
(&
G
-
Yy
(@)
-
2
-
_
3
wn
e
Q
L
©
&
|-
O
=

== BMP4 TLQ fit
QNS120

QNS679




ﬁ

@ﬂ@?fﬁ

1 BMP4 100ng/ml

0 CTRL

©
=
©
©
>
0
"
n
©
c
o
-
©
-
@
=
Is
—
o

>
©
)
7y
©
c
O
b
©
-
Q
=
[
-
al
_
©
d
©
0

o
LTy
P

WwugzSsOQd Pasi|ewlon

D
L
—




The Model - Schematic

On

e, Progenitor Terminal cell
AMSC (m) . BMP4 (B) .GSC (s) Cellg(vi) V)




The Model - Equations

ds N
. :(ZPS_l)mSS 1—E — (zq;g

dt |
RZZ‘ ~ v . Apoptosis
GSCs Self renewal of GSCs
Wi 21— Pymgs(1 - & o 5
I — mgS — —|— MU — — | — v
dt S/ k 171 I | 1.
ROC = v — ~ . _ Apoptosis
PCs Dif ferentatition of GSCs Proliferation of PCs
dv; 5 1 N . N s
. T 4Mi_4Vig - T m;v; — — — D+
dt y ' k L=l I i
ROC =~ v — — . Apoptosis
PCs Proliferation of PCs Dif ferentation of PCs
dvp N s
— =My _1V,— — — | — v
' ~ > Apoptosis

ROC . —
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The Model - Reduced
ds N
— = (2P, — 1)mgs (1 — —) — (Zgj

4}: - kJ Apoptosis
gggs Self renewal of GSCs
dV N N
E — 2(1 — PS)mSS (1 — E) + SprOV<1 — E) — §d€6}thI{
T — 5 —_ - L Apoptosis
PCs Dif ferentatition of GSCs Proliferation of PCs
Where
S wtm ] =2 @ Hillen, Enderling and Hahnfeldt (2012)
pro = 1+ ZmZHJ ) @ )
ity ) (s U(t) = 2p— Dmyk(P(t))U(t)
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. 2mi—1 (1 = V/;)
I 5; + mi(l — N/k)

V(1) = 2(1 — p)ymyk(P(1)) U(t)
+ myk(P(t))V(t) — ay V(1)
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Probability of GSC self-renewal as a
function of differentiation promoter

1 Bachman and Hillen 2013
Ps(t) = Pmin + (Prax — Pmin) (m)

Effect of varying BMP4 concentration Cell lines sensativity to BMP4

—— GBM1la QNS522b
—— QNS120 —— QNS166
— (QNS108 GBM626

QONS315 — GBM640
— QNS657 —— QNS679
—— GBM965 GBM549

=
o
I
=
[a]
|

20 ng/ml BMP4

50 ng/ml BMP4
--- 100 ng/ml BMP4
—— 200 ng/m| BMP4

o

©
o
o0

o
o

o

~
o
o

\

o
[#)}
o
Is
1

o

U
o
N

o
I
i

GBM626 GBM1la GBM640

Probability of GSC self-renewal (Ps)

&
&
©
=
-
Q
T
I
wn
Q
w
O
Y
o
=
=
0o
|]
e
o
i
o

0.3

o
oo

0.000 0.005 0.010 0.015 0.020 000 0.002 0.004 0.006 0.008 0010 0.012 0.014
Sensativity to BMP4 () Sensitivity to 100 ng/ml BMP4 (y)




Shape of compartment sensativity for various BMP4 doses

BMP4 dose = 50ng/ml BMP4 dose = 100ng/ml BMP4 dose = 150ng/ml
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GBM640 GBM549
CTRL data

BMP4 100ng/ml data

Fitted @ =0.1 Fitted ¢ 0.074 CTRL simulation
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Final Size relative to CTRL (GBM1la)
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Uncertainty in death and detection

Probablity of detecting tumour per day Example trajectories
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Global sensitivity analysis

Continous BMP4 life lines

Virtual patient
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Virtual patient 910 Virtual patient 90
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GSA - Important parameters

Partial regression (added value) plots for 6 most important parameters
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Stratified virtual clinical trials

Total BMP4 administered = 900 ng/ml| Total BMP4 administered = 20403 ng/ml Total BMP4 administered = 37405 ng/ml
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Slow proliferation rate

Mean proliferation rate (ms) over all trials = 28.964

y for trials 0.005 Mean y for trials 0.010 y for trials 0.015
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Medium proliferation rate

Mean proliferation rate (ms) over all trials = 48.574
y for trials 0.015
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Fast proliferators

Mean proliferation rate (ms) over all trials = 68.517

Mean y for trials 0.005 Mean y for trials 0.010 y for trials 0.015
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