
Supplemental Figure Legends 

Supplemental Figure 1. 

Study design. (a) Sample collection schedule. Blood sample collection was scheduled 

at baseline (just before initiation of nivolumab treatment) and immediately before the 

third administration (6 weeks after the first dose). 

(b) CONSORT diagram of 31 patients enrolled and samples analyzed.  

bTMB, blood tumor mutation burden, maxVAF; maximum variant allele frequency 

 

Supplemental Figure 2 

(a) Venn diagram shows the distribution of cases of dMMR, HER2-positive, EBV-

positive, and PD-L1 CPS ≥1 or ≥5. b) Comparison of PD-L1 CPS between EBV-

positive vs. negative cases. EBV, Epstein-Barr virus; dMMR, mismatch repair-deficient; 

HER2, human epidermal growth factor receptor 2; PD-L1 CPS, programmed death 

ligand 1 combined positive score; 

 

Supplemental Figure 3 

The clinical outcome of gastric cancer patients who received nivolumab monotherapy 

in the overall population, and its association with various PD-L1 CPS cut-offs. Kaplan–

Meier estimates of progression-free survival (PFS, a) and overall survival (OS, b) of 

patients stratified by PD-L1 CPS ≥5 vs. <5. Kaplan–Meier estimates of PFS (c), and 

OS (d) of patients stratified by PD-L1 CPS ≥10 vs. <10. Hazard ratio and 95% 

confidence interval for PFS (e) and OS (f) in patient subgroups defined by PD-L1 CPS 

cut-off values of 1, 5, and 10. PD-L1 CPS, programmed death ligand 1 combined 

positive score; 

 

Supplemental Figure 4  

The clinical outcome of gastric cancer patients who received nivolumab monotherapy 

in the overall population, and its association with EBV or HER2 positivity. Kaplan–

Meier estimates of progression-free survival (PFS, a) and overall survival (OS, b) of 

EBV-positive vs. negative patients. PSF (c), and OS (d) of HER2-positive vs. HER2-

negative patients. EBV, Epstein-Barr virus; HER2, human epidermal growth factor 

receptor 2; 

 

Supplemental Figure 5 



(a-n) Kaplan–Meier estimates of progression-free survival (PFS) and overall survival 

(OS) of patients stratified by alteration of TP53 (a, b), CCNE1 (c,d), ERBB2 (e,f), 

PIK3CA (g,h), EGFR (i, j), CDK4 (k, l), KRAS (m,n). (o-p) Kaplan–Meier estimates of 

PFS (o) and OS (p) of patients with or without copy number alteration (CNA). 

 

Supplemental Figure 6 

The clinical outcome of MSI-H not detected gastric cancer patients who received 

nivolumab monotherapy, and its association with various cut-offs of bTMB. Kaplan–

Meier estimates of progression-free survival (PFS, a) and overall survival (OS, b) of 

patients stratified by bTMB ≥4 vs. <4. PSF (c), and OS (d) of patients stratified by 

bTMB ≥6 vs. <6. bTMB, blood tumor mutation burden, MSI-H, microsatellite instability-

high; 

 

Supplemental Figure 7 

The association between maxVAF dynamics and clinical outcome of gastric cancer 

patients treated with nivolumab monotherapy. 

(a) Association between tumor response and changes of maxVAF between pre- vs. 6 

weeks after the first dose (on-treatment) samples. (b) Correlation between maxVAF 

change from the baseline and degree of tumor shrinkage. (c) Comparison of DCR 

between cases with decreased ΔmaxVAF vs. non-decreased ΔmaxVAF. Kaplan–Meier 

estimates of progression-free survival (PFS, d) and overall survival (OS, e) of patients 

with decreased- vs. non-decreased-ΔmaxVAF. maxVAF; maximum variant allele 

frequency 

  



Supplementary Table 1.  

The association between tissue- and liquid- based biomarkers 

(a) The concordance between HER2 status on tissue and ERBB2 CNA status on liquid. 

(b) The association between PIK3CA alteration and EBV status. 

(c) The concordance between MMR status and MSI status.  

EBV, Epstein-Barr virus; HER2, human epidermal growth factor receptor 2; MMR, 

mismatch repair 

    

a) HER2 IHC/ISH status  

 Positive Negative  

ERBB2 CNA  

Amplification 1 0  

Aneuploid 3 3  

No 1 23  

    

b) EBER-ISH   

 Positive Negative  

 PIK3CA alteration (+) 2 4  

 PIK3CA alteration (-) 1 23  

*p value: 0.0936    

    

c) MMR status   

 dMMR pMMR NA 

 MSI-H 3 0 0 

 MSI-H not detected 0 27 1 

 *MSI-dMMR concordance: 3/3 (100%)    

    

Abbreviations: CNA, copy number alteration; MMR, mismatch repair-deficient; EBER-

ISH, Epstein-Barr virus (EBV)-encoded RNA in-situ hybridization; ERBB2, epidermal 

growth factor receptor 2; HER2, human epidermal growth factor receptor 2; MSI-H, 

microsatellite instability-high; MMR, mismatch repair; NA, not available; PD-L1 CPS, 

programmed death ligand 1 combined positive score; PIK3CA, phosphatidylinositol-

4,5-bisphosphate 3-kinase catalytic subunit alpha; 

MMR, mismatch repair-proficient. 



b

Pre-treatment cfDNA result available
n=31

bTMB value available 
n=28

Consent obtained 
n=32

cfDNA analysis 
failed

n=1

Pre 3rd cycle sample available
n=20

Paired cfDNA result available
n=20

paired maxVAF value 
available n=19
paired bTMB value 
available n=19

Paired sample 
unavailable
n=11

Supplemental Figure 1 

a

Nivolumab

Blood
Collection

Pre-treatment Before 3rd cycle

3rd cycle1st cycle 2nd cycle



EBV(-) EBV(+)
0

5

10

15

20

PD
-L

1 
CP

S

ns

(n=3)(n=27)

dMMR

1

2

PD-L1≧5

5

2

3

PD-L1≧1

EBV (+)

1

HER2 (+)

3

a b

Supplemental Figure 2



0 500 1000 1500 2000
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

EBV negattive
(n=27)

EBV positive
(n=3)

p=0.37
HR 1.06
(95%CI: 0.32 to 3.50)

0 500 1000 1500 2000
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

HER2 negative
(n=27)

HER2 positive
(n=4)

p=0.30
HR 0.37
(95%CI: 0.13 to 1.07)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

EBV negattive 
(n=27)

EBV positive 
(n=3)

p=0.77
HR 0.90
(95%CI: 0.27 to 3.00)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

HER2 negative 
(n=27)

HER2 positive 
(n=4)

p=0.60
HR 0.78
(95%CI: 0.23 to 2.59)

a

c

b

d

Supplemental Figure 4



0 500 1000 1500 2000
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

PD-L≥5 (n=8)

PD-L1<5 (n=21)

p=0.83
HR 1.08
(95%CI: 0.47 to 2.45)

0 500 1000 1500 2000
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

PD-L1≥10 (n=2)

PD-L1<10 (n=27)

p=0.74
HR 0.86
(95%CI: 0.20 to 3.64)

0.1 1 10

≧1

≧5

≧10

Hazard Ratio (logrank)

PD
-L

1 
CP

S 
cu

to
ff

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

PD-L1≥5 (n=8)

PD-L1<5 (n=21)

p=0.77
HR 0.96
(95%CI: 0.38 o 2.44)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

PD-L1≥10 (n=2)

PD-L1<10 (n=27)

p=0.87
HR 0.88
(95%CI: 0.21 o 3.75)

0.01 0.1 1 10

≧1

≧5

≧10

Hazard Ratio (logrank)

PD
-L

1 
C

PS
 c

ut
of

f

a b

d

f

c

e

Supplemental Figure 3



0 500 1000 1500 2000
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

TP53 wild (n=18)

TP53  altered (n=13)

p=0.73
HR 0.75
(95%CI: 0.37 to 1.56)

0 500 1000 1500 2000
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

CCNE1  wild (n=24)

CCNE1 altered (n=7)

p=0.46
HR 0.62
(95%CI: 0.27 to 1.44)

0 500 1000 1500 2000
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

ERBB2 wild (n=25)

ERBB2 altered (n=6)

p=0.71
HR 0.71
(95%CI: 0.29 to 1.73)

0 500 1000 1500 2000
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

PIK3CA wild (n=25)

PIK3CA alterd (n=6)

p=0.48
HR 0.82
(95%CI: 0.31 to 2.14)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

TP53 wild (n=18)

TP53  altered (n=13)

p=0.75
HR 0.81
(95%CI: 0.37 to 1.79)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

CCNE1  wild (n=24)

CCNE1 altered (n=7)

p=0.87
HR 0.99
(95%CI: 0.40 to 2.48)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

ERBB2 wild (n=25)

ERBB2 altered (n=6)

p=0.60
HR 1.06
(95%CI: 0.42 to 2.66)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

PIK3CA wild (n=25)

PIK3CA alterd (n=6)

p=0.36
HR 0.78
(95%CI: 0.29 to 2.07)

0 500 1000 1500 2000
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

EGFR wild (n=26)

EGFR altered (n=5)

p=0.60
HR 1.03
(95%CI: 0.39 to 2.68)

0 500 1000 1500 2000
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

CDK4 wild (n=27)

CDK4 alterd (n=4)

p=0.49
HR 0.86
(95%CI: 0.30 to 2.46)

0 500 1000 1500 2000
0

50

100

Time (days)
Pr

og
re

ss
io

n-
fre

e 
Su

rv
iv

al
 (%

)

KRAS wild (n=27)
KRAS alterd (n=4)

p=0.55
HR 0.97
(95%CI: 0.34 to 2.79)

0 500 1000 1500 2000
0

50

100

TIme (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

CNA negative (n=17)

p=0.66
HR 0.92
(95%CI: 0.45 to 1.88

CNA positive (n=14)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

EGFR wild (n=26)

EGFR altered (n=5)

p=0.70
HR 0.94
(95%CI: 0.35 to 2.50)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

CDK4 wild (n=27)

CDK4 alterd (n=4)

p=0.78
HR 0.94
(95%CI: 0.32 to 2.75)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

KRAS wild (n=27)

KRAS alterd (n=4)

p=0.99
HR 0.66
(95%CI: 0.23 to 1.92)

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

CNA negative (n=17)

CNA positive (n=14)

p=0.56
HR 1.06
(95%CI: 0.48 to 2.33)

a b

c

e

g

d

f

h

i j

k

m

o

l

n

p

Supplemental Figure 5



0 200 400 600 800
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

bTMB<4mut/Mb (n=13)

bTMB≥4mut/Mb (n=12)

p=0.040
HR 0.55
(95%CI: 0.24 to 1.27)

0 200 400 600 800
0

50

100

Time (days)

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
) bTMB<6mut/Mb (n=19)

bTMB≥6mut/Mb (n=9)

p=0.027
HR 0.54
(95%CI: 0.23 to 1.29)

0 500 1000 1500

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

bTMB<6mut/Mb (n=19)

bTMB≥6mut/Mb (n=6)

p=0.053
HR 0.55
(95%CI: 0.20 to 1.48)

0 500 1000 1500

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

bTMB<4mut/Mb (n=13)

bTMB≥4mut/Mb (n=12)

p=0.051
HR 0.50
(95%CI: 0.20 to 1.28)

a b

c d

Supplemental Figure 6



Δm
ax

VAF

non-dec
rea

se
d

Δm
ax

VAF

dec
rea

se
d

0

20

40

60

80

100

D
C

R
 (%

)

PR

SD

ns

3/12

5/7

p=0.07

0 500 1000 1500 2000

0

50

100

Time (days)

P
ro

gr
es

si
on

-fr
ee

 S
ur

vi
va

l (
%

)

ΔmaxVAF
decreased (n=7)

ΔmaxVAF
non-decreased (n=12)

p=0.24
HR 0.64
(95%CI: 0.24 to 1.70) 

0 500 1000 1500 2000

0

50

100

Time (days)

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

ΔmaxVAF
decreased (n=7)

ΔmaxVAF
non-decreased (n=12)

p=0.20
HR 0.71
(95%CI: 0.25 to 2.03) 

-50 0 50 100 150

1000

2000

3000

Tumor shrinkage from baseline (%)

m
ax

VA
F 

ch
an

ge
fr

om
 b

as
el

in
e 

(%
)

R2 0.01
p=0.70

Pre-treatment On-treatment

0

20

40

60

80

100

m
ax

VA
F 

(%
)

PR

SD

PD

a b c

d e

Supplemental Figure 7


	Supplementary_Table_FigureLegends_BIOSTRING_2022Dec28
	supple_fig1_BIOSTRING_CONSORT
	Layout 7_supple2
	Layout 6_supple4
	Layout 8_supple3
	Layout 9_supple5
	Layout 2_supple6
	delta_maxVAF_supple7

