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M

utational heterogeneity in 
cancer  

• 
N

eoantigens: nonsynonym
ous som

atic variations acquired by tum
ours 

• 
Tum

ours w
ith m

utational burden potentially harbour im
m

unogenic antigens 
resulting in antigens that trigger an anti-tum

our im
m

une response e.g. m
elanom

a 
and lung 

• 
C

arcinogens e.g. tabacco, U
V

 and D
N

A m
ism

atch repair have high m
utations 
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• 
Correla9on(betw

een(neoan9gens(and(m
uta9ons(

• 
Both(high(nonsynonym

ous(m
uta9onal(and(neoan9gen(burdens(are(associated(w

ith(
an9tum

our(im
m
une(response(and(clinical(response(to(checkpoint(inhibitors(
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Genom

ic(landscape(shapes(the(response(to(an9EPDE1(therapy(
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• 
H

igh burden of clonal neoantigens (i.e. present in all tum
our cells) 

is associated w
ith im

proved patient survival and durable response 
to im

m
unotherapy (C

lonal neoantigens elicit T cell im
m

unoreactivity and 
sensitivity to im

m
une checkpoint blockade. M

cG
ranahan S

cience 2016) 

• 
M

ost m
utations how

ever occur early on 

• 
Treatm

ent of cancer can induce antigen expression (C
om

bining 
im

m
unotherapy and targeted therapies in cancer treatm

ent. V
annem

an &
 D

ranoff, 
N

ature R
ev C

ancer 2013, 12:237-251) 

• 
Induction of im

m
unogenic cell death can increase antigen 

presentation to T cells (Im
m

unogenic C
ell D

eath in C
ancer Therapy. K

roem
er 

et al A
nnu. R

ev. Im
m

unol. 2013. 31:51–72) 
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• 
O

pportunities for synergy through rational design 
• 

TM
E

, heterogeneity &
 resistance needs to be w

ell studied 
• 

M
odulation of the im

m
une m

icroenvironm
ent 

• 
O

ptim
isation of dose, sequence and tim

ing, toxicity 
• 

P
ersonalised approach 
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• 
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O

-1 + D
C

 vaccine 
• 

D
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 + androgen ablation 
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• 
E

fficacy evaluation of 
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-4 (9D

9) in 
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odels 

• 
E

fficacy evaluation of 
aC

TLA
-4 (9H

10) in 
syngeneic m

odels 



B
ase Line Im

m
uno phenotyping 

���

����

����

%���

	���


���

����

�42����
�

+
�
% �

+
�
% +

�
	 �

+
�
% +

�

 �

1�46�

���


��

����

�
��

����

�
��

%���

%
��

+�
 �1455�1�46�
�

1
455 �1

�46�
1�+

488�

Deple9on(of(CD8+(prom
otes(M

C38(tum
our(grow

th(



���

��
����
�
��
����
�
��
%���
%
��
	���
	
��

�42����

���


��

����

�
��

����

�
��

%���

%
��

�42����

���

����

����

%���

	���


���

����

����

�42����

/
�
�

�
�
0+

�

�
23���7264�

�

B
ase Line Im

m
uno phenotyping 



H
22 C

heckpoint A
ntibodies 

R
esponse &

 im
m

unophenotyping 

12/06/16
�

C
row

n B
ioscience Inc. │ C

onfidential – N
ot For D

istribution 
	

�
�

H
ighly sensitive to anti-C

TLA
-4, P

D
-1, and 

P
D

-L1 therapy 

Treatm
ent 

Tum
or Size (m

m
3)  

on D
ay 26 

T/C
 Value (%

)  
on D

ay 26 
p value 

P
B

S
 

1843 ±466 
-- 

-- 
aP

D
-L1 (10F.9G

2)  5m
g/kg 520 ± 340 

28 
0.051 

aP
D

-1 (R
M

P
1-14) 10m

g/kg 165 ±73 
9 

0.007 
aC

TLA
-4 (9D

9) 10m
g/kg 

56 ±9 
3 

0.005 H
22 tum

or on D
ay 21: 2 days post 5

th dose 
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MuBase 

O
ncology  

K
now

ledge D
atabases 

• The w
orld’s first com

m
ercial database dedicated to m

ouse 
cancer m

odels 
• Free online access to search Syngeneics, G

EM
M

, M
D

X 
(M

uPrim
e), H

uG
EM

M
™

 
• M

ake an inform
ed decision by searching m

odels based on gene 
expression, m

utational status, gene fusions, etc. across our 
unique collection of m

ouse cancer m
odels 

• W
ide variety of data com

piled including m
odel background, 

m
ouse strain, histopathology, genom

ic profiling (R
N

A
seq), S

oC
, 

and im
m

uno-profiling (infiltrate im
m

une cells, cytokine profile, 
response to checkpoint inhibitors, etc.)  

O
ncoE

xpress(
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ot Spot M

utations in M
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Tum
ors (partial list) 
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ene Fusion 
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nalysis: 4T1 M
odel 



Tum
or M

odels C
lustering by 

G
ene Expression and M

utation 
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uta9on(
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Zhang%et%al,%AACR%N
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Efficacy Prediction of Im
m

une 
C

heckpoint Inhibition (I) 

…
using(Gene(Expression(Signatures(

a
C
T
LA

4
*

a
P
D
M1
*

a
P
D
ML1
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Efficacy Prediction of Im
m

une 
C

heckpoint Inhibition (II) 

…
based(on(m

uta9onal(load(
…
DN

A(repair(gene(m
uta9ons(

N
o(correla9on(w

as(found…
(

Zhang%et%al,%AACR%N
ew
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Efficacy Prediction of Im
m

une 
C

heckpoint Inhibition (III) 

…
based(on(base(line(Im

m
une(Cells(data(

Correla9on(trend(w
as(found…

(

FACS*
aCTLA4(pvalue

*
aCTLA4(cor*

aPD1(pvalue
*

aPD1(cor*
aPDL1(pvalue

*
aPDL1(cor*

CD3+(
0.043253968(

0.7(
0.22755151(

0.419454825(
0.82820248(

0.079027721(
CD3+CD4+(

0.643639771(
0.183333333(

0.973408064(
E0.012158111(

0.373561333(
E0.316110883(

CD3+CD8+(
0.775628307(

0.116666667(
0.578406145(

E0.200608829(
0.614067751(

0.182371663(
Treg(

0.743540564(
E0.133333333(

0.326657258(
E0.34650616(

0.069155844(
E0.595747433(

ra9o(of(Teff/Treg(
0.3125(

0.383333333(
0.626123419(

0.176292608(
9.60EE05(

0.930095482(
N
K(

0.46299052(
E0.283333333(

0.789234533(
E0.097264887(

0.072785937(
0.589668377(

M
DSC(

0.708068783(
0.15(

0.72525014(
E0.127660164(

0.22755151(
0.419454825(

M
acrophage(

0.555952381(
0.285714286(

0.977546655(
0.011976263(

0.055884726(
0.694623232(

Zhang%et%al,%AACR%N
ew

%H
orizons%in%cancer%research%2015,%Shanghia,%Poster%246%
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PD,(m

odel(selec9on,(ra9onal(com
bina9on(approach(but(biom

arker?(
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C
T26 in vivo response  to com
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dosing of anti-m

C
TLA

-4 + R
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C
T26 in vivo response  to com

bination 
dosing of anti-m

C
TLA

-4 + O
xaliplatin 

• 
An9Em

CTLAE4(and(ICD(m
onotherapy(results(in(a(sta9s9cally(significant(reduc9on(in(tum

our(grow
th((p<0.05)(

com
pared(w

ith(vehicle(treatm
ent.((

• 
An9Em

CTLAE4(therapy(in(com
bina9on(w

ith(radiotherapy(resulted(in(sta9s9cally(significant(addi9ve(reduc9on(
in(tum

our(grow
th((p<0.05(Tw

oEw
ay(AN

O
VA)(versus(an9Em

CTLAE4(and(RT(m
onotherapies.((

In
d
u
c%
o
n
*o
f*IC

D
:*

Com
bina9on(im

m
unotherapy((an9Em

CTLAE4)(and(radiotherapy((RT;(hypofrac9onated(IGM
I)(or(O

xalipla9n(
w
as(assessed(alone,(and(in(com

bina9on(in(BALB/c(m
ice(bearing(subcutaneous(CT26(allograls.(

C
om

bination w
ith anti-m

C
TLA

-4 (C
T26) 

M
cKenzie%et%al%AACR%2016,%N

ew
%O
rleans%
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C
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C
T26 in vivo outgrow

th follow
ing A

. R
T treatm

ent and B
. anti-m

C
TLA

-4 + R
T  

• 
An9Em

CTLAE4(and(RT(com
bina9on(treated(CT26(tum

ours,(regression(con9nued(follow
ing((

cessa9on(of(treatm
ent(w

ith(a(delay(in(tum
our(grow

th(observed(in(com
parison(to(RT(alone.(((

• 
M
arkers(of(ICD((Calre9culin(&

(HM
GB1)(TBD(

M
cKenzie%et%al%AACR%2016,%N
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%O
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Flow
 cytom

etry analysis of subcutaneous tum
our 

Group

Ratio of CD8+:CD4+/FoxP3+
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4: Radiotherapy 6G
y + 10m

g/kg anti-m
CTLA4

B
: C

T26 IT+IR
 study 

Group
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y q.d.x5
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G
4: R

adiotherapy 6G
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g/kg anti-m
C

TLA4
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*

*
p > 0.05 versus G

1
+

p > 0.05 versus G
3

% CD3+/CD8+ T-cells Ratio Teff:Treg  

C
: C

T26 IT+O
xal study 

• 
Significant(increase(in(CD8+(TEcells(for(both(ICD(
and(IT+ICD(com

pared(w
ith(vehicle(control(and(

versus(IT(alone(for(the(IT+ICD(group.((
• 

Trend(in(increasing(CD8+(TEcells(for(the(IT+RT(
versus(RT(alone((w

hich(m
ay(be(driving(the(

addi9ve(effi
cacy(seen(in(this(treatm

ent(group)(
and(significance(for(IT+O

xal.((
• 

Treat(larger(sized(tum
ours(TBD(

Cytotoxic(TEcells((Teff;(CD3+/CD8+)(and(Treg((CD4+/CD25+/FoxP3+)(tum
our(infiltra9on(w

as(
assessed(at(day(23(in(by(FACs(in(CT26(tum

ours(follow
ing(treatm

ent(w
ith(im

m
unotherapy((an9E

m
CTLAE4)(and(ICD(alone(and(in(com

bina9on((

R
e
p
re
se
n
ta
%
v
e
*fl
o
w
*cy

to
m
e
try

*p
lo
ts:(AED.:(Selec9on(

of(single,(viable(lym
phocytes.(

(E.EF.(CD4(vs(CD8(T(
cells.(

F.EG.(
CD4+CD25+FoxP3+(

T(
regulatory(

cells.(
G
a9ng(

strategy(
w
as(

perform
ed(

based(
on(

FM
O
(

controls.(

M
cKenzie%et%al%AACR%2016,%N

ew
%O
rleans%



Biolum
inescent(breast(carcinom

a(cell(line(4T1Elux,(m
etastasizes(from

(the(M
FP(>(lung,(lym

ph,(liver(and(brain;(and(from
(

s.c.(site(to(the(lung.(M
etastasis(can(be(assessed(by(term

inal(ex%vivo%im
aging.(

The(effect(of(m
onotherapy/com

bina9on(therapy(w
ith(10m

g/kg(an9Em
CTLAE4(i.p.(q2d.((↑

)(and(radiotherapy(6Gy(qdx5(
(↑

)(on(tum
our(grow

th(is(detailed(below
.((
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Flow
 cytom

etry analysis of 4T1 
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our 
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