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Glioblastoma Muliforme - Background
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Glioblastoma Muliforme - Background

FLAIR PostT1w FLAIR PostT1w

Diagnosis

First recurrence

Tejada et al., J Neurooncol, 2013;116:169-175

Regardless of therapy, median survival remains <15 months
after the |n|t|a| diagnOSiS (Stupp et al., Lancet Oncol, 2009;10:459-66)

http://library.med.utah.edu/WebPath/CNSHTML/CNSIDX.html#13



GBM - Imaging Invasion

Fast Bound-Pool Fraction Imaging (FBFI) vs. Histology

Underhill et al., Neurolmage, 2011;54:2052-65



GBM - Imaging Invasion

Fast Bound-Pool Fraction Imaging (FBFI) vs. Histology
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GBM - Imaging Invasion

Fast Bound-Pool Fraction Imaging (FBFI) vs. Histology
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Cell-Free DNA

Cell Death
Apoptotic Cell Necrotic Cell
Q ©°
o &)
- Celliree DNA trivia:
2“9 § 1. Halflife is ~1615 minutes
R @ 2. Primary source (~80%) is
° . Wog o circulating cells
% o? o N 3. 2-20 ng/mL plasma in healthy
§ % adults
100-200 bp >1,500 bp

VMaternal
i cfDNA
$° 2
s ~ind hg:‘
/ Red blood cell
@
T’g ﬁFetal

cfDNA

1. Schwarzenbach et al., Nature Rev Clinical Oncol, 2014;11:145-56 )3020'
2. http://www.ultrasoundcare.com.au/services/nipt.html -



Circulating Tumor DNA — Accident #1

GBM4 and GBMS8

Human Stem Cell-Like Lines

3472-81

69:

Cancer Research, 2009;

Wakimoto et al
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Circulating Tumor DNA
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Circulating Tumor DNA
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Circulating Tumor DNA

Xenograft Model: Rat Brain — Human GBM
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Circulating Tumor DNA

Xenograft Model: Rat Flank — Human HCC
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Circulating Tumor DNA
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Circulating Tumor DNA — Accident #2

number of sequenced inserts of size X

Human Melanoma
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Circulating Tumor DNA

Human Lung Cancer — Cell-Free DNA
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Circulating Tumor DNA

fragment length (bp)
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Human Lung Cancer — Sequencing Data

= lung cancer (LC5) —— lung cancer (LC1) 1eee —— lung cancer (LC10)
| = controls 3 {— controls 3 {1 = controls
35-1222L plasr(!la; " sl 11.6 ng/mL plasma " — 169 bp
amp. : EGFR amp. (-
165 bp KRAS am: +) "5 Y Kkras Zmﬂ. H ‘5
(7] [
o 2 c 2
152b = 'T: 24.4 ng/mL plasma
P ] EGFR amp. (-
131243 bp \ :6_: § KRAS ZEE. 8
122bp \ w17 e 1
111 bp,
5 ; ; ) 0 — T T — - 0 — A : . —
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250
fragment length (bp) fragment length (bp) fragment length (bp)
EGFR L858R EGFR T790M
..... . . s 250
. 1 s
S Ayl A =
oSh L TIRET g o o 4
RS B G B = 200
e —— £
S el gﬁ o ey — c
TR e WSS 2 150
A I I — Iz
,:- v ® oo!'.n g
3 :!. o ﬁz."s gﬂ
S o 100 -
' 50 —

C1 C2 C3 C4 C5 LC5LC10

C3 C4 C5 LC1 LC3 LC4 LC5 LC9 Lc10



Circulating Tumor DNA

Human Lung Cancer — ddPCR
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Circulating Tumor DNA

Human Lung Cancer — Fraction Selection

314 o T ] ;
. LC3 " Library (343) | 314 2] LC10 220 >
£ T790MWT | £ T790M:WT : 5
. g 862:11338 | £ 2697:10864 204 £
- - | e
2 £ 71% = 19.9% 2 =
E F 3 ") g
i ‘ [
- = (=8
10 343 = = 0 348 £
: : ;
5 o |
R R R I e e e e ‘
o = size ° 206 40K 60K BOK WK ° 206 40K 60K BOK 10K 8' 8' 8' OI size
gl gl gl &l (bp) T790M probe intensity T790M probe intensity N ! < (bp)
303 o
| Library (348) oo 303
%59 LC4 %‘ Iy ™t T790M:WT %‘ ] T790M:WT %
" s 270:9947 | £ ] 1056:5560 e
- e - o £
2 £ 1Y 26% £ |\l 16.0% 3
< 15§ -g f 2 4 ]
5] ¥ %zu' : S
10 348 E | & | &
SR 'é
5 0 0
| shre o 2k 4 ex s i 0 2k Ak ex s K = = size
&l 8l gl &l (bp) T790M probe intensity T790M probe intensity | él 8l &l (op)
% 10 -
2 -&- LC3
)
§ 8- -9- LC4
2 -&- LC10
2
TS 6 7
s
€
@ 4 1
£
%
.« 2 -
—
[=]
R=R IV % - -
] -
= 0 T | | |

60 -50 -40

30 20 10 O 10 20 30

offset (bp) of gel-selected peak fragment lengths from library peak length

(negative values = shorter fragments)

H

H
L

H
L

Library (348) - 320
T79OMWT | 2 T790M:WT
43:12975 g o 564:18055
0.33% | £ 3.0%
'glm |
e
LT G
B Bofd SLma no ey
o oamoax em o o M o em sk
T790M probe intensity T790M probe intensity
1 oK
1 Library (343) 314
| T790MWT | & T790M:WT
| 1409238 gm- 249:12162
! 1.5% | £ 1.6%
| 2
l Enn-
5
1

T T
T

T790M probe intensity

206 4k [T

T T T T T

0 20K 4k e 80K

T790M probe intensity

10



Circulating Tumor DNA

@PLOS ‘ GENETICS PLOS Genetics, 2016; 18:21006162

Fragment Length of Circulating Tumor DNA

Hunter R. Underhill"*3*, Jacob O. Kitzman*®, Sabine Hellwig®, Noah C. Welker®,
Riza Daza®, Daniel N. Baker®, Keith M. Gligorich®’, Robert C. Rostomily®, Mary
P. Bronner®7, Jay Shendure?

1 Department of Pediatrics, Division of Medical Genetics, University of Utah, Salt Lake City, Utah, United
States of America, 2 Department of Radiology, University of Utah, Salt Lake City, Utah, United States of
America, 3 Department of Neurological Surgery, University of Washington, Seattle, Washington, United
States of America, 4 Department of Genome Sciences, University of Washington, Seattle, Washington,
United States of America, 5 Department of Human Genetics, University of Michigan, Ann Arbor, Michigan,
United States of America, 6 ARUP Laboratories, Salt Lake City, Utah, United States of America,

7 Department of Pathology, University of Utah, Salt Lake City, Utah, United States of America

Key points:

1. Cell-free DNA derived from tumor cells has a shorter fragment
length distribution in plasma compared to healthy cell-free DNA

2. Sub-fraction selection of smaller cell-free DNA fragments appears
to enrich for circulating tumor DNA



Size Selection

PAGE

T790M gBlocks (130 bp) V600E gBlocks (165 bp)




Size Selection

Fraction of counts
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Size Selection

CoastalGenomics — Nimbus Ranger
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Size Selection

CoastalGenomics — Nimbus Ranger

EGFR T790M gBlocks (130 bp)
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Size Selection
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Nimbus Ranger — Lung Cancer T790M (N=5)
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Size Selection

Nimbus Ranger — Lung Cancer Exon19Del (N=3)
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Size Selection

Summary

 PAGE affords selection of multiple adjacent fractions with high
resolution, but is SLOW!

* Nimbus Ranger provides rapid (<6 hours) collection of 2 non-adjacent
fractions with good recovery in up to 96 samples

« Selection of shorter cell-free DNA fragments may enrich for circulating
tumor DNA in some samples, while not negatively impacting MAF in
other samples



GBM

% total inserts

> 122

Reminders

= human
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GBMassociated cefiree DNA is
present in plasma from a xenograft
brain model of GBM
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GBMassociated celiree DNA has
not been previously detected in
humans

Bettegowda et al., Sci Transl Med 2014,;6:224ra24



GBM

Cell-Free DNA Characteristics
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GBM — Accident #3

Tumor/Normal Whole Exome Sequencing (WES)

Tumorl/Normall Tumor2/Normal?2

Coding consequences Coding consequences

missense_variant: 46%
frameshift_variant: 19%
inframe_deletion: 15%
synonymous_variant: 13%
stop_gained: 5%
inframe_insertion: 2%
coding_sequence_variant: 0%
stop_lost: 0%

missense_variant: 35%
frameshift_variant: 28%
inframe_deletion: 11%
synonymous_variant: 10%
stop_gained: 9%

coding_sequence_variant: 1% /‘

inframe_insertion: 6%

Variants (novel/existing): 1470 (70.5%/29.5%) Variants (novel/existing): 1108 (61.1%/38.9%)

« PTEN p.Met198del custom-designed Tagman assay for ddPCR



GBM — Accident #3

PTEN p.Met198del ddPCR
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GBM — Accident #3

PTEN p.Met198del ddPCR
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GBM

Intratumor Genetic Heterogeneity
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GBM

Custom Panel (128 genes; 128 kb)

ABCB1 CDKN2A FGFR3 HRAS
ABCC9 CDX4 FHL2 IDH1
ABL1 CIC FIP1L1 IDH2
ADAM29 COL1A2 FLT3 ILL8SRAP
AFM CTNNB1 FOXR2 IL1R2
AIFM3 CXorf22  FRMD7 JAK2
AKT1 CDAF12L2 FUBP1 JAKS
ALK DDR2 FZD7 KCNC2
ANKRD36 DRD5 GABRA1 KDR
APC DYNC1l1l GABRA6 KEL
ATM EDIL3 GABRB2 KIT
ATRX EGFR GCSAML KLF4
BRAF ERBB2 GNA11l KRAS
CALCR ERBB4 GNAQ KRTAP2Q
CARD6 ERCC1 GNAS LCE4A
CDH1 FBXWY GOLGAS LRRC55
CDH18 FGA GPX5 LUM
CDH9 FGFR1 H3F3AP4 LZTR1
CDHR3 FGFR2 HISTIH3B MAP2K1

MET
MMP13
MROH2B
MSHG6
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NF1
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PIK3R1
PLCHZ2
PODNL1
PTEN
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GBM
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GBM

PTEN sequencing: p.Met198del
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GBM

Potential GBM Variants in Cell-Free DNA



GBM

Summary

 Inter-tumor genetic heterogeneity requires a personalized approach for
detecting circulating tumor DNA

* Intra-tumor genetic heterogeneity coupled with the non-metastatic
nature of GBM requires an approach with high-sensitivity for detection
of variants in cell-free DNA with a frequency <1%



Slide courtesy of Sabine Hellwig, PhD

Current/Future Directions

NSCLC Serial Monitoring (EGFR T790M)
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Current/Future Directions

NSCLC Serial Monitoring (EGFR T790M)
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NSCLC Serial Monitoring (EGFR T790M)
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Pancreatic Cancer — KRAS exon 2 ice-COLD-PCR
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Genotype/Phenotype Associations

Myelin Density Imaging

Female, 25 yrs

Dynamic MRI

Male, 49 yrs

*» r=0.47,P<0.001
Female, 65 yrs
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Underhill et al., J Magn Reson Imaging, 2015;42:1611-22 Underhill, Magn Reson Med, 2016; In press



Conclusions

* Fragment size is important in cell-free DNA

* Overcoming challenges associated with detection of cell-free DNA
derived from GBM has profound i mp
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