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Supplementary Figure 1: Analysis of how the structure and texture of collagen, identified by
Masson’s Trichrome, varies across the malignant cell area, leading edge and stroma of
advanced clear cell ovarian cancer

In 36 samples of advanced clear cell ovarian cancer, collagen was identified using Masson’s
Trichrome and subsequently underwent structural (TWOMBLI) and textural (Haralick Features;
QuPath) analysis. The metrics were then compared across the malignant cell area (MCA), leading
edge (LE) and stroma of samples to identify changes in the collagen extracellular matrix across the
tumour microenvironment. BCFD; box counting fractal dimension, %HDM; percentage high density
matrix, ASM; angular second moment.



Marker FIGO III/IV (n) ARID1A Wildtype (n) ARID1A mutant (n)
CD3 28 15 12
CD8 28 15 12
CD4 20 11 9
FOXP3 20 11 9
CD45RO 20 12 8
CD68 36 21 14
CD163 19 11 8
CD20 20 12 8
CD138 20 12 8
MCT 20 10 9
CD1a 12 6 5
LAMP3 12 6 6
CD66b 12 5 6
aSMA 34 19 14
PD1 12 5 6
PDL1 12 6 6
PDL2 12 6 6
VCAN 12 6 6
Massons Trichrome 36 21 14
ARID1A 36 21 14

Supplementary Table 1: Sample size for immunohistological profiling of advanced clear 
cell ovarian cancer 

Due to a limited number of FFPE slides available per patient, we allocated samples into
cohorts to allow immunohistological profiling of each immune marker. This table shows the
total sample number of FIGO stage III/IV clear cell ovarian cancer and subsequently how
many of these were ARID1A wildtype or mutant; one sample had mixed ARID1A expression
and was excluded from wildtype versus mutant analysis.



Su
pp

le
m

en
ta

ry
Ta

bl
e

2
Va

ria
bl

e
co

nd
iti

on
s

fo
re

ac
h

im
m

un
oh

is
to

ch
em

is
tr

y
m

ar
ke

rs

Th
is
ta
bl
e
lis
ts
th
e
im
m
un
oh
is
to
ch
em
ic
al
ta
rg
et
,t
he
an
tib
od
y
an
d
co
nc
en
tra
tio
n
us
ed
as
w
el
la
s
th
e
ho
st
sp
ec
ie
s
it
is
de
riv
ed
fro
m
w
hi
ch
gu
id
es
in

se
co
nd
ar
y
an
tib
od
y
se
le
ct
io
n.
Th
e
pr
im
ar
y
in
cu
ba
tio
n
tim
es
va
ry
be
tw
ee
n
on
e
ho
ur
at
ro
om

te
m
pe
ra
tu
re
or
ov
er
ni
gh
ta
t4
°C
.
An
tig
en
re
tri
ev
al
va
rie
s

in
te
rm
s
of
pH
,t
em
pe
ra
tu
re
an
d
du
ra
tio
n.
Th
e
pe
ro
xi
da
se
bl
oc
k
al
so
va
rie
s
in
th
e
co
nc
en
tra
tio
n
of
hy
dr
og
en
pe
ro
xi
de
an
d
th
e
di
lu
ta
nt
us
ed
.
Th
e
fin
al

co
lu
m
n
on
th
e
rig
ht
lis
ts
th
e
co
nt
ro
lt
is
su
es
us
ed
.

pH
Te
m
pr
et
ur
e

D
ur
at
io
n

H
20
2

D
ilu
ta
nt

D
ur
at
io
n

M
a
s
t 
C

e
ll 

T
ry

p
ta

s
e

A
b
c
a
m

 
a
b
1
3
4
9
3
2

1
:5

0
0
0

R
a
b
b
it

O
v
e
rn

ig
h
t

6
9
5

2
0

0
.3

%
P

B
S

1
5

2
.5

T
o
n
s
il

C
D

1
a

A
b
c
a
m

 
a
b
1
0
8
3
0
9

1
:2

5
0

R
a
b
b
it

O
v
e
rn

ig
h
t

6
9
5

2
0

0
.3

%
P

B
S

1
5

2
.5

S
k
in

C
D

6
6
b

A
b
c
a
m

 
a
b
1
9
7
6
7
8

1
:2

0
0

R
a
b
b
it

O
v
e
rn

ig
h
t

6
9
5

2
0

0
.3

%
P

B
S

1
5

2
.5

S
p
le

e
n

F
O

X
P

3
T

h
e
rm

o
F

is
h
e
r

e
B

IO
7
9
7
9

1
:5

0
0

M
o
u
s
e

O
v
e
rn

ig
h
t

9
9
5

2
5

0
.3

%
P

B
S

1
5

1
T

o
n
s
il

C
D

1
6
3

T
h
e
rm

o
F

is
h
e
r

M
A

5
-1

1
4
5
8

1
:1

0
0
0

M
o
u
s
e

1
 h

o
u
r 

R
T

9
9
5

3
0

2
%

M
e
th

a
n
o
l 

3
0

1
T

o
n
s
il

C
D

6
8

T
h
e
rm

o
F

is
h
e
r

1
4
-0

6
8
8
-8

2
1
:1

2
,0

0
0

M
o
u
s
e

1
 h

o
u
r 

R
T

9
9
5

3
0

2
%

M
e
th

a
n
o
l 

3
0

3
T

o
n
s
il

C
D

4
5
R

O
T

h
e
rm

o
F

is
h
e
r

M
A

1
-1

9
4
5
2

1
:8

0
0
0

M
o
u
s
e

1
 h

o
u
r 

R
T

9
9
5

3
0

2
%

M
e
th

a
n
o
l 

3
0

3
T

o
n
s
il

C
D

2
0

T
h
e
rm

o
F

is
h
e
r

1
4
-0

2
0
2
-8

2
1
:8

0
0

M
o
u
s
e

1
 h

o
u
r 

R
T

9
9
5

3
0

2
%

M
e
th

a
n
o
l 

3
0

3
T

o
n
s
il

C
D

8
A

g
ile

n
t

G
A

6
2
3
6
1
-2

1
:1

5
0
0

M
o
u
s
e

1
 h

o
u
r 

R
T

9
9
5

3
0

2
%

M
e
th

a
n
o
l 

3
0

3
T

o
n
s
il

C
D

3
A

g
ile

n
t

M
A

7
2
5
4
2
9
-2

1
:8

0
0

R
a
b
b
it

1
 h

o
u
r 

R
T

9
9
5

3
0

2
%

M
e
th

a
n
o
l 

3
0

2
T

o
n
s
il

C
D

4
A

g
ile

n
t

IS
6
4
9
3
0
-2

1
:4

0
0

M
o
u
s
e

O
v
e
rn

ig
h
t

9
9
5

2
0

2
%

M
e
th

a
n
o
l 

1
5

6
T

o
n
s
il

L
A

M
P

3
A

b
c
a
m

 
a
b
1
1
1
0
9
0

1
:1

0
0
0

R
a
b
b
it

O
v
e
rn

ig
h
t

6
9
5

2
0

0
.3

%
P

B
S

1
5

4
L
u
n
g

C
D

1
6

A
b
c
a
m

 
a
b
2
0
3
8
8
3

1
:2

0
0

R
a
b
b
it

O
v
e
rn

ig
h
t

6
9
5

2
0

2
%

M
e
th

a
n
o
l 

1
5

4
S

p
le

e
n

C
D

1
3
8

A
b
c
a
m

 
a
b
1
2
8
9
3
6

1
:2

0
0

R
a
b
b
it

O
v
e
rn

ig
h
t

9
9
5

2
0

2
%

M
e
th

a
n
o
l 

1
5

1
T

o
n
s
il

P
D

-1
B

io
L
e
g
e
n
d

 3
6
7
4
0
2

1
:2

0
0

M
o
u
s
e

1
 h

o
u
r 

R
T

9
9
5

3
0

2
%

M
e
th

a
n
o
l 

3
0

3
T

o
n
s
il

P
D

-L
1

C
e
ll 

S
ig

n
a
l

1
3
6
8
4
T

1
:4

0
0

R
a
b
b
it

1
 h

o
u
r 

R
T

9
9
5

3
0

2
%

M
e
th

a
n
o
l 

3
0

3
P

la
c
e
n
ta

P
D

-L
2

T
h
e
rm

o
F

is
h
e
r

P
A

5
-2

0
3
4
4

2
.5

:1
0
0
0

R
a
b
b
it

1
 h

o
u
r 

R
T

9
9
5

3
0

2
%

M
e
th

a
n
o
l 

3
0

3
P

la
c
e
n
ta

P
D

-L
2

S
ig

m
a
 A

ld
ri
c
h

H
P

A
0
1
3
4
1
1

1
:5

0
0

R
a
b
b
it

1
 h

o
u
r 

R
T

9
9
5

3
0

2
%

M
e
th

a
n
o
l 

3
0

3
P

la
c
e
n
ta

V
e
rs

ic
a
n

S
ig

m
a
 A

ld
ri
c
h

H
P

A
0
0
4
7
2
6

1
:5

0
0

R
a
b
b
it

O
v
e
rn

ig
h
t

6
6
0

6
0

2
%

M
e
th

a
n
o
l 

1
5

2
0

P
la

c
e
n
ta

α
S

M
A

A
b
c
a
m

 
a
b
5
6
9
4

1
:2

0
0

R
a
b
b
it

1
 h

o
u
r 

R
T

2
%

M
e
th

a
n
o
l 

3
0

5
K

id
n
e
y

A
R

ID
1
A

A
b
c
a
m

 
a
b
1
8
2
5
6
1

1
:1

0
0
0

R
a
b
b
it

1
 h

o
u
r 

R
T

9
9
5

2
5

0
.3

%
P

B
S

1
5

1
T

o
n
s
il

D
A

B
 T

im
e 

(m
in

ut
es

)
C

on
tr

ol
Ta

rg
et

Pr
im

ar
y 

In
cu

ba
tio

n
Pe

ro
xi

da
se

 B
lo

ck
in

g
C

om
pa

ny

n
o
 a

n
tig

e
n
 r

e
tr

iv
a
l

A
nt

ig
en

 R
et

riv
al

 
Sp

ec
ie

s
C

on
ce

nt
ra

tio
n

C
at

al
og

 N
um

be
r



Immune Marker Advanced CCOC (n) Early CCOC (n) MCA (p) LE (p) Stroma (p)
CD3 28 9 0.6862 0.6429 0.8438
Mast Cell Tryptase 20 9 0.8983 0.6373 0.2503
CD20 20 9 0.1295 0.0783 0.23
CD68 36 9 0.6471 0.243 0.1654
aSMA 34 9 0.647 0.081 0.024

Supplementary Table 3: Significance values for the comparison of immune cell markers
between early (FIGO stage I and II) and advanced stage (FIGO III and IV) clear cell
ovarian cancer (CCOC)
Immune markers were identified using immunohistochemistry and quantified by either positive
cells per high powered field (CD3, CD20, Mast Cell Tryptase) or percentage positive area
(CD68 and αSMA). The distribution of the markers across the malignant cell area (MCA),
leading edge (LE) and stroma were subsequently compared between a cohort of early and
advanced stage CCOC. The only significant result, shown here in red, was that of stromal
αSMA, which was significantly higher in the stroma of advanced stage disease.

Pathway NES FDR q-val
GOBP_COLLAGEN_METABOLIC_PROCESS -2.2148983 0.00303189
GOBP_COLLAGEN_BIOSYNTHETIC_PROCESS -2.1887088 0.00438903
GOBP_POSITIVE_REGULATION_OF_COLLAGEN_METABOLIC_PROCESS -2.03516 0.01093186
GOCC_COLLAGEN_CONTAINING_EXTRACELLULAR_MATRIX -2.0267718 0.00814786
GOBP_REGULATION_OF_COLLAGEN_METABOLIC_PROCESS -1.928109 0.01429047
GOBP_COLLAGEN_FIBRIL_ORGANIZATION -1.865479 0.0196563
REACTOME_ASSEMBLY_OF_COLLAGEN_FIBRILS_AND_OTHER_MULTIMERIC_STRUCTURES -1.8605988 0.04044084
GOCC_COLLAGEN_TRIMER -1.8583226 0.0329106
REACTOME_COLLAGEN_FORMATION -1.8391806 0.04604144
GOBP_COLLAGEN_CATABOLIC_PROCESS -1.8389298 0.02112176
REACTOME_COLLAGEN_DEGRADATION -1.8341143 0.04659602

Supplementary Table 4: Pathway enrichment for collagen pathways between ARID1A 
wildtype and mutant clear cell ovarian cancer

When the differentially expressed genes were ranked by T statistic, pathway enrichment using
the Broad Institute Gene Set Enrichment Analysis (GSEA) platform, demonstrated 11
pathways involved in collagen biology that were significantly different at an FDR q value of
0.05
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Metric - Region P-Value HR (95% CI for HR) P-Value HR (95% CI for HR)
CD8 - Malignant Cell Area 0.022 3.5 (1.2-10) 0.0162 4.53 (1.32283-15.513)
CD45RO - Malignant Cell Area 0.055 3.3 (0.97-11) 0.0718 3.25856 (0.90062-11.790)
CD4 - Leading Edge 0.0066 5.4 (1.6-18) 0.00874 9.0332 (1.74325-46.808)
aSMA - Leading Edge 0.038 2.5 (1.1-6.2) 0.0546 2.4953 (0.9823-6.339)
Correlation - Leading Edge 0.024 0.41 (0.19-0.89) 0.00108 0.2016 (0.07713-0.5268)
CD4 - Stroma 0.014 7.4 (1.5-36) 0.0052 13.2447 (2.16308-81.098)
Alignment - Stroma 0.01 0.28 (0.11-0.74) 0.0177 0.2425 (0.07517-0.782)
ASM - Stroma 0.012 3.4 (1.3-8.7) 0.0426 3.2994 (1.04057-10.462)

Univariate analysis Multivariate analysis

Supplementary Table 5: The tumour microenvironment metrics which were
significantly associated with overall survival following univariate and multivariate
analysis

Cox proportional hazards analysis and Kaplan-Meier analysis were preformed, taking into
account FIGO stage, ARID1A status, Aletti score and whether adjuvant chemotherapy was
received or not. Five metrics remained significant following multivariate analysis; CD8 cells
within the malignant cell area, CD4 cells at the leading edge (LE) and stroma, collagen
correlation at the LE, collagen alignment and angular second moment in the stroma.


