
233 NSCLC
BM Patients

MSK-IMPACT Sequencing

Full Clinical Annotations
of CNS-specific Outcomes

Tumor

Blood

Local Regional LMD

Patient Population

EM (n=42)

PL (n=47)

BM (n=233)

Tissue
Specimens

A

C

D

B

E

Brain Mets
Other Mets
Primary Tumors

Tu
m

or
 M

ut
at

io
n 

B
ur

de
n 

(m
ut

s/
M

b)

0

20

40

60

80

100

Fr
ac

tio
n 

G
en

om
e 

A
lte

re
d

0

0.2

0.4

0.6

0.8

1*
*

*

Brain Mets
Other Mets
Primary Tumors

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19

20
21

22

Chromosome

100%

100%

50%

50%

0%

O
th

er
 M

et
as

ta
si

s
P

rim
ar

y 
Tu

m
or

s
B

ra
in

 M
et

s

%
 w

ith gain
or loss

100%

100%

50%

50%

0%

%
 w

ith gain
or loss

100%

100%

50%

50%

0%

%
 w

ith gain
or loss

Figure 1

700x

RTK-Ras

TP53
Cell cycle

PI3K

MYC
DDR

NOTCH
NRF2
WNT

TGFB
Hippo

Brain Mets
Primary Tumors
Other Mets

P
at

hw
ay

s

Frequency of Oncogenic Pathway Alterations (%)
0 25 50 75 100

*

KRAS

EGFR

NF1

ERBB2

CDKN2A/B

RB1

CDK4

PIK3CA

STK11

PTEN

RICTOR

KEAP1

TERT

NKX2-1

SMARCA4

ARID1A

FOXA1

MYC

KDM5C

TP53

33%

24%

12%

6%

36%

13%

6%

12%

22%

9%

9%

26%

19%

15%

13%

14%

12%

10%

6%

74%

32%

21%

8%

5%

34%

11%

6%

9%

19%

7%

7%

11%

16%

14%

7%

10%

9%

9%

5%

74%

14%

38%

2%

2%

24%

12%

5%

7%

7%

2%

7%

14%

19%

19%

14%

17%

14%

2%

2%

62%

12%

36%

2%

2%

21%

10%

5%

7%

5%

2%

0%

5%

17%

14%

5%

12%

12%

2%

2%

62%

38%

21%

13%

4%

13%

11%

2%

6%

34%

4%

2%

17%

11%

17%

13%

13%

17%

11%

9%

72%

38%

21%

9%

2%

13%

11%

2%

4%

26%

2%

0%

4%

9%

13%

13%

9%

11%

11%

9%

70%

Driv
er

All Driv
er

All Driv
er

All

Fraction Genome
Altered

Tumor Mut. Burden
0

90
0
1

Primary TumorsBrain Mets Other Mets

Genomic alterations
Structural

Amplification Deep Deletion
Rearrangement

Missense
Variants of Unknown Significance

Inframe InDel
Truncating

Missense
Putative driver mutations

Inframe InDel
Truncating Splice



Figure 2

Primary LUAD

Lymph Node Met

Resected BM
F

1 2 3
24 months

6 months

Interval between Samples

1

2

3

Resected BM

Primary LUAD

1 2 3
34 months 48 months

Interval between Samples

4 Driver Alterations
- EGFR T790M
- EGFR exon 19 in-frame deletion
- TP53 E198*
- EGFR Amplification
- 4 VUS’ (1 shared)4 Driver Alterations

- EGFR exon 19 in-frame deletion
- TP53 E198*
- EGFR Amplification
- AGK-BRAF fusion
- 2 VUS’ (1 shared)

6 Driver Alterations
- EGFR T790M
- EGFR exon 19 in-frame deletion
- TP53 E198*
- PMS2 R287Sfs*19 
- RB1 N269Kfs*2
- TERT Amplification
- 6 VUS’

1

2

7 Driver Alterations
- KRAS G12A
- ARID1A L2180Wfs*20
- RUNX1 P183Hfs*28
- SMARCA4 X1183_splice
- CDKN2A/B Deletion
- STK11 Deletion
- MTAP Deletion
- 4 VUS’

6 Driver Alterations
- NF1 E2357*
- STK11 G163C
- TP53 G245D
- FUBP1 G205Efs*17 
- DICER1 E227*
- APC E243*
- 38 VUS’

Newly Dx’d LUAD

9 Driver Alterations
- TP53 G154V
- TP53 T125K
- PBRM1 R324*
- ID3 M1?
- TET2 P410Ffs*17
- RICTOR Amplification
- JAK2 Amplification
- CD274 Amplification
- PDCD1LG2 Amplification
- 26 VUS’

1

3

2

Shared
Private

Alteration Status

Unique to BM
Unique to Primary/EM/CSF
Shared

Biopsy/Resection

C

Time
Frequency of Oncogenic Mutations (%)

0 25 50 75 100

P
at

ie
nt

s
Primary LUAD
EM

Brain Met Sample Comparison

CSF

B

Time
Frequency of Oncogenic Mutations (%)

0 25 50 75 100

P
at

ie
nt

s

No oncogenic alterations

TP53
KRAS

CDKN2A

STK11

EGFR
RB1

Genomic alterations

Structural
Amplification Deep Deletion
Rearrangement

Missense
Putative driver mutations

Inframe InDel
Truncating Splice

Different Site

BM Location
Same Site

Re-resected BM

Sample Order
Initial BM

BM Lo
ca

tio
n

Sam
ple

 O
rde

r

* Different mutations

**

E

Frequency of Oncogenic Mutations (%)
0 25 50 75 100

Patient 1

D

Time

A

Time
Frequency of Oncogenic Mutations (%)

0 25 50 75 100

P
at

ie
nt

s

0

10

20

30

40

50

TP53
KRAS

NF1

ARID
1A

FANCA
MGA

MLL
2
MLL

3

PIK
3C

A

STK11

Genes

Fr
eq

ue
nc

y 
of

 P
riv

at
e 

O
nc

og
en

ic
A

lte
ra

tio
ns

 in
 B

M
 S

am
pl

es
 (%

)

0
5

10
15

20

HL
A−
B

AMER1

ARID
1A
EGFR

KMT2C

KMT2D

SETD2

ARID
2

ASXL2
ATM

Fr
eq

ue
nc

y 
of

 P
riv

at
e 

O
nc

og
en

ic
A

lte
ra

tio
ns

 in
 B

M
 S

am
pl

es
 (%

)

0

20

40

TP53
KRAS

BRCA2

PTPRT

RAD50 RB1

RBM10

STK11

Genes

30

10

50

F
re

qu
en

cy
 o

f P
riv

at
e 

O
nc

og
en

ic
A

lte
ra

tio
ns

 in
 B

M
 S

am
pl

es
 (

%
)

Genes

AMER1

DIC
ER1

KMT2A

KRAS
PBRM1

TP53

Genomic alterations

Missense
Putative driver mutations

Splice
Truncating

NF1

Brain Met

Sample Type
Primary

Patient 2

Patient 1

Patient 2

*



Figure 3

+
++++

++++
+++++++++++++++++++++++ ++++++ +

0 2.5 5 7.5 10 12.5

Time (years)

0%

25%

50%

75%

100%

P
ro

g
re

s
s
io

n
-F

re
e
 S

u
rv

iv
a
l 
P

e
rc

e
n
t

179 37 15 3 2 1

Number

At Risk

D

Structural
Amplification Deep Deletion

Rearrangement

Missense

Putative driver mutations
Inframe InDel

Truncating Splice

No Prog, FU ≥ 6 Mo. Local Prog

Regional

Progression, 1 Lesion

Regional

Progression, >1 Lesion LMD

EGFR

RB1

MYC

CDKN2A/B

NKX2-1

NKX3-1

21%*

6%*

7%

37%

22%

3%*

0%*

4%

32%

24%*

20%

16%**

19%

7%

7%

26%

11%

7%

22%

11%

22%*

37%

19%

0%*

45%*

15%

15%

35%

10%

0%

E
Frequency of Oncogenic Pathway Alterations (%)

No Progression, n = 67

Local Progression, n = 25

Regional Progression, 1 Lesion, n = 27

Regional Progression, >1 Lesion, n = 27

LMD, n = 20

0 25 50 75 100

RTK-Ras

TP53

Cell Cycle

PI3K

DDR

MYC

WNT

Notch

TGFB

Hippo

NRF2

***

+++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++

++++++ +

0 2.5 5 7.5 10 12.5

Time (years)

179 67 26 3 2 2

Number

At Risk

0%

25%

50%

75%

100%

O
v
e
ra

ll
 S

u
rv

iv
a
l 
P

e
rc

e
n
t

100

B C 

CDKN2A
EGFR KRAS

STK11

TP53

0

25

50

75

100

0 25 50 75 100

Oncogenic Driver Alteration Frequency in

Samples from Patients with 1 BM at Dx (%)

O
n
c
o
g
e
n
ic

 D
ri
v
e
r 

A
lt
e
ra

ti
o
n
 F

re
q
u
e
n
c
y
 i
n

S
am

pl
es

 fr
om

 P
at

ie
nt

s 
w

ith
 ≥

1 
B

M
 a

t D
x 

(%
)

CDKN2A
KRAS

TP53

Oncogenic Driver Alteration Frequency in

treatment naïve Samples (%)

O
n
c
o
g
e
n
ic

 D
ri
v
e
r 

A
lt
e
ra

ti
o
n
 F

re
q
u
e
n
c
y
 i
n

S
a
m

p
le

s
 f

ro
m

 P
a
ti
e
n
ts

 w
it
h
 P

ri
o
r 

T
re

a
tm

e
n
t 

(%
)

0

25

50

75

100

0 25 50 75 100

CDKN2A

EGFR

KRAS

TP53

O
n
c
o
g
e
n
ic

 D
ri
v
e
r 

A
lt
e
ra

ti
o
n
 F

re
q
u
e
n
c
y
 i
n

S
a
m

p
le

s
 w

it
h
 P

ri
o
r 

T
K

I 
(%

)

Oncogenic Driver Alteration Frequency in

Samples with No Prior TKI (%)

0

25

50

75

100

0 25 50 75 100

CDKN2A

EGFR

KRAS

STK11

TP53

Oncogenic Driver Alteration Frequency in

Samples with BM at Dx (%)

O
n
c
o
g
e
n
ic

 D
ri
v
e
r 

A
lt
e
ra

ti
o
n
 F

re
q
u
e
n
c
y
 i
n

S
a
m

p
le

s
 w

it
h
 B

M
 a

s
 P

O
D

 (
%

)

0

25

50

75

100

0 25 50 75

A

q < 0.1

Significance

* p < 0.05

Significance



Figure 4
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