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Concept of “liquid” biopsy

APOPTOSIS

Blood vessel

Polivka, Janku. Expert Rev Mol Diagn 2015



Liquid Biopsies in the Clinic

1. Treatment indication

2. Efficacy monitoring

3. Molecular profiling in the real-time

4. Indirect assessment of target engagement and inhibition

5. Early detection




Concordance Between Discordantly Collected Liquid

(plasma cell-free DNA) and Tissue Biopsies
PCR and digital PCR

* Idylla QAS PCR: 88%-90%
* BEAMING: 83%-99% Janku F. Mol Cancer Ther 2016

e ddPCR 85%-95% Janku F. Oncotarget 2015
Janku F. Ann Oncol 2017

NGS

Concordance between ultra-deep NGS of plasma cfDNA and clinical molecular
testing of archival tumor tissue for the 55 patients with advanced cancers

Type of agreement between plasma cfDNA and tumor tissue Number of patients (%)
Complete detection 45 (82%)  <um

Partial detection 3 (5%)

Aggregate complete and partial detection 48 (87%) <
Complete disagreement 7 (13%)

Janku F. Clin Cancer Res 2017



Liquid Biopsies (NGS) Detect Broad Spectrum

of KIT Mutations in Previously Treated GIST
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» Each column represents an individual patient
» In pts where a KIT mutation was detected in baseline ctDNA, secondary KIT
mutations in exon 13, 14 17 and 18 were found across 2" to >4thline pts.
George, Janku. ASCO 2018



Blood (cfDNA) TMB and Response to Immune

Sequencing
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Blood collection,
plasma isolation and
cfDMA extraction
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Checkpint Inhibitors

N (3E) PFS HR (95% Cl)
441 (78) —4—  0.80 (0.73-1.08)
371 (64) — i — 0.83 (0.67-1.03)
302 (52) — i — 0.79 (0.62-1.00)
251 (43) —_—— 0.73 (0.56-0.95)
211 (36) — i —— 0.73 (0.54-0.97)
188 (32) — i ——— 0.68 (0.50-0.92)
158 (27) *»> 0.65 (0.47—0.92)
136 (23) & 0.66 (0.46-0.95)
105 (18) & 0.61 (0.40-0.93)
B4 (14) & 0.57 (0.35-0.91)
69 (12) » 0.54 (0.32-0.91)
54 (9) L 0.51 (0.28-0.95)
583 (100) — & —p 0.87 (0.73-1.04)
850 l—il—i 0.95 (0.82-1.10)
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The median OS duration in with advanced cancers

per variant allele frequency of mutant cfDNA

Overall survival %
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Janku, Salathia. Clin Cancer Res 2017 Schwaederle M, Clin Cancer Res 2016



Detection of BRAF V600 mutant plasma cfDNA is associated with

shorter time-to-treatment failure on systemic therapy
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Janku F et al., Mol Cancer Ther 2016

BRAF WEDD
—10% cfDMNA
— 1 =0% cfDMNA
—t+— censared
—t+— censared

Median TTF in 51 patients per plasma BRAF

Tumor BRAF+/Plasma BRAF- 13.1 months,
13 patients 95% C1 5.0-21.2

Tumor BRAF+/Plasma BRAF+ 3.0 months
38 patients 95% Cl 2.3-3.7

P=0.001

Preliminary data suggest that amount of
circulating tumor DNA does correlate with the

total tumor volume and liver tumor volume

Ahmed, Colen, Janku. EORTC-NCI-AACR 2018
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Mutation-Enrichment NGS: Association between changes in cfDNA KRASG12/13

copies in URINE and PLASMA and time to treatment failure (TTF)

TTF and KRASG12/G13 copy numbers in urine:
Decrease (4.7 months; blue)
VS.

No change/increase (2.8 months; red; P = 0.03)

A. URINE

TTF and KRASG12/G13 copy numbers in plasma:
Decrease (5.7 months; blue)

VS.

No change/increase (3.2 months; red; P = 0.04)

B. PLASMA
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Fujii, Barzi, Sartore-Bianchi, Bardelli, Janku Clin Cancer Res 2017
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50yo F with metaplastic breast cancer PIK3CA E542K, KRAS G12S D
Everolimus-Bevacizumab-Doxorubicin Liposome
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MUTATION AGNOSTIC APPROACH: Methylation (>9,000 CpG sites) in cfDNA

and outcomes in advanced cancers (breast, CRC, NSCLC, melanoma)
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|
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Survival low vs. high
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Liu, Toung, Jassowicz, Janku. Ann Oncol 2018



Concept of Dynamic Tracking of Circulating Tumor DNA

to Detect Pseudoprogression

VAF % SLD (CM)

=4=CtDNA
=B=RECIST
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Association Between Changes in Plasma-Derived Mutated

Cell-Free DNA and Pseudoprogression to PD1 Antibodies in Melanoma

Patients with favorable ctDNA profile Patients with unfavorable ctDMNA profile
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Clonal Evolution in ctDNA and Therapeutic Resistance

Palbociclib + fulvestrant

in HR+ Breast Cancer

Placebo + fulvestrant
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p = 0.0018
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O’Leary Cancer Discov 2018
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Monitoring of dynamic changes and clonal evolution in circulating tumor DNA

from patients with IDH-mutated cholangiocarcinoma treated with IDH inhibitors

. &
Progression

32 patients /

IDH inhibitor (e.g. ivosidenib, enasidenib etc.)

Agreement plasma vs. tissue IDH mutations

-Droplet digital PCR: 84%

-NGS: 83%
Agreement plasma vs. tissue other mutations

- Droplet digital PCR: 60%

- NGS: 100%

Lapin, Huang, Raymond, Janku

Time-to —treatment failure: NGS

ctDNA low - 3.6 months
ctDNA high - 1.8 months
(p=0.01)

Most frequent emergent aberrations detected at
progression were ARID1A mutations (25%) and
TP53 mutations (25%)




Changes in K/7-mutated Plasma cfDNA as a PD Marker in Heavily

Pretreated GIST Treated with Allosteric KIT inhibitor DCC-2618

>
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c + 100 fold 1 .
g MAF reductions from baseline for Exons 9, 11, 13, 14, 17, and 18. Patients with Baseline CT
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- Enrolled patient population reveals broad range of KIT mutations
§ DCC-2618 leads to reductions in MAF in cfDNA across all exons associated with resistance

Treatment decisions were made based on disease control and not on changes in MAF
Janku et al. ENA 2016, ASCO 2017, ESMO 2017 “*Patient in first dose cohort, *Patient represented with mixed histology



TACT-D schema

Early Radiographic Restaging to
Confirm Absence of Disease

v

Stability/Regression
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|
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o P i —
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I
ctDMNA ResponsefStable R;dlogra!phlc |
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-
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[Standa Care) r Response/Stable ‘r Response/Stable -I
Regorafenib Radiographic TAS-102 Radiographic
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Currently enrolling at MD Anderson as a single-site study
Patients can have treatment at home with ctDNA kits mailed to GuardantHealth



NRG GI-005 schema

N=1408 patients T

o FOLFOX
=
Resected - Test for presence
microsatellite R of ctDNA to guide
stable stage Il 3 adjuvant chemo Observation
l:l:rl-nll'l-l cancer for G decislon T CtDN
whom MD I
decides i 5
no adjuvant T
Samples analyred
chemotherapy E Standard of mzi batchy
(“su e ) R care retrospectively for
for observation®) - [observation) ctDMNA status

Protocol approved by CTEP/CIRB, with expected activation by 5/2019 across all US and Canadian
cooperative groups.

GuardantHealth LUNAR assay — assessing combination of somatic mutations and CRC-specific
methylation profiles- will be utilized for study conduct.

Pl: V Morris (MD Anderson)



NGS in Post-Operative Recurrence

Detection in Stage IV Colorectal Cancer

10044= — = === === == = = = — * High specificity
= * Modest sensitivity
> 804 P-value 0.004
g HR 2.6 (95%CI 1.2-5.7)
»n 60-
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Overman ASCO 2018



Ultrasensitive Detection of Circulating Tumor DNA Identifies Patients in High

Risk of Recurrence in Early Stages Melanoma (N=23)

Surgery and
tissue biopsy

Blood collection
for ctDNA
analysis

agins ai0jag
1aye Aep T
1aye Kep €

19348 PRM T

___________________________________ >
5 every 6 months
--------- >

BRAFVE"E mutations in ctDNA and melanoma recurrence in 19 patients
with available data

Disease

Category Number Recurrence P value
(%)

BRAFVS)E jn tissue 23 4 (17) -
BRAFVSME jn ctDNA before surgery 1 2(18) NS
No BRAFYEME jn ctDNA before surgery 8 2 (25)
BRAFVSYE jn ctDNA after surgery 8 4 (50) 0.02
No BRAFVEUE jn ctDNA after surgery 1 0 {0}

Polivka, Huang, Janku. ESMO 2019

Disease-free survival %

100+ # i
1t DNA no detected
="1ctDMA detected
= censored
== censored
-l
+ +
504
40
20
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T T T T T T T
0 200 400 600 EOD 1000 1200
Days

Patients with ctDNA in samples collected after
surgery had shorter Disease-free survival than

patients without ctDNA (P=0.03)




Methods of ctDNA detection

Somatic alteration sequencing Detection methylation changes

1. Most studied 1. Tissue and cancer type specific

2. Can detect targets for cancer therapy 2. Independent on somatic alterations
3. Lower sensitivity in the absence of 3. High DNA degradation during bisulfite
recurrent alterations conversion

4. Lower sensitivity in early stages



Testing for mSEPT9 in plasma cfDNA in subjects in colorectal cancer screening

7,941 subjects undergoing screening colonoscopy

Percent Positivity
0 20 40 60 80 100 Epi PI'DCGIOI'I

Category: Test (PITot): Est(%): 95% CI: . .

CRC 27/53 = 50.9% —_— 48.2% (32.4, 63.6) Negative Positive Total
CRC Il 1636 = 44.4% —_—— 44.7% (26.0, 63.7) CRC 14 30 44
CRC NI-IV 11/17 = 64.7% . 54.9% (27.6, 85.7) Colonoscopy Non-CRC 1182 318 1500

Total 1196 348 1544
CRC Il 23/48 = 47.9% —_———— 45.1% (28.7, 61.2)
Non CRC 126/ 1457 = 8.6% - 8.5% (6.9, 10.3)
Sensitivity = 68.2% (95% Cl, 53.4-80.0)
Adv Aden (AR)  30/314=9.6% —— 112% (7.2, 157)
Specificity = 78.8% (95% Cl, 76.7-80.8)
Nonadv Aden (NA) 16/209=7.7% | —g— 69% (3.8, 10.5)
No Evid Dis (NED) 80 /934 = 8.6% -

% . S Negative Predictive Value (NPV) = 99.7% (Cl, 99.6-99.8)
Positive Predictive Value (PPV) = 2.4% (Cl, 2.0-3.0)

CRC Stage 1 8/22=364%

35.0% (13.3, 59.6)

n 8/14=571%

63.0% (32.5, 87.7)

m 7112 =583%

46.0% (16.5, 85.4)

o arssmo . el Epi proColon test approved by FDA in 2016

Adv Aden (AA) Subclasses:

HGD 5/50=00% | e—— 121% (2.5, 24.3)
Villous 10/87=115% —_—— 14.3% (6.0, 24.3)
Large 15/173=8.7% —y— 94% (4.8, 14.7)
- - p — p” - Church Gut 2014

Percent Positivity
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Targeted Methylation Sequencing (9,223 CpG sites) of Plasma c¢fDNA in Advanced Cancer

Predicting tissue of origin in 32 cancer Clinical Validation in Breast Cancer, Colorectal
types in TCGA set (overall accuracy 83.5%) Cancer, Lung Cancer and Melanoma

Plasma samples collected from patients off-therapy
Actual class
Colorectal Melanoma
Breast (n=12) cancer (N=27) NSCLC (N=18) N=11)
AML 2 0 0 0
3 Breast 8 0 0 0
Sos Colorectal 1 23 0 0
< Cholangiocarcinoma 0 0 0 1
Esophageal 0 0 0 1
" Liver 0 1 1 1
Predicted Lung 0 0 9 0
= ass Lymphoma 0 1 0 0
“““““““““ H] Melanoma 0 0 0 5
; E; 5 § Pancreatic 0 1 0 0
g s E s 2 Sarcoma 0 0 1 1
> 453 : 2 : Stomach 0 0 0 0
:§ sksi: : E s4E3§:3¢8§8¢ f Not cancer 1 1 7 2
SEEEREEERE RS Total e =N R =
: 5 £ £ & I - £ 3 Accurate classification of cancer (91.7%) (96.3%) (61.1%) (618% )
§ £ “ T ¢ irrespective of cancer type — o 86.8% —
= 3 32 Accurate to classification of cancer (727%) | (885%) | (818%) | (556%)
: type (out of set classified as cancer) — S~ 76.3% S—

1 Each sample was evaluated against 24 cancer type signatures. Cancer
types to which no samples were as signed are not listed in this table.

2 Non-small cell lung cancer.
Liu, Toung, Jassowicz, Janku. Ann Oncol 2018



Plasma EBV DNA in Screening

of Nasopharyngeal Carcinoma

A Stage Distribution of Patients with Nasopharyngeal Carcinoma

100

Percentage of Patients
in Different Stages
3
g

[ Stagel
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I Stage Ill
M Stage IV

Patients Identified  All Patients with Nasopharyngeal

by

Screening

Carcinoma in Hong Kong in 2013

B Progression-free Survival

Probability of Survival (%)

No. at Risk

Patients identified
by screening

Patients in historical
cohort

100 =i Patients identified by screening
90
80-]
70
60 Patients in historical cohort
504
40
30
20|
10- Hazard ratio, 0.10 (95% Cl, 0.05-0.18)
0 T T 1
0 20 40 60
Months since Start of Treatment
34 28 9 0
1278 902 520 241

54 } —" .

C l/e Chan.

NEIM 2017



CONCLUSIONS

[ Liquid biopsies help to further advance personalized targeted therapy and
immunotherapy by offering a source of easily obtainable material for mutation analysis.

1 Liquid biopsies have a potential to be used in efficacy assessment especially if
imaging cannot be used or the interpretation is problematic.

[ Liquid biopsies can be used for monitoring of molecular profile and clonal evolution
in patients undergoing cancer therapy to detect mechanisms of resistance.

O Liguid biopsies can be used to address pharmacodynamic endpoints in clinical trials.

ULiquid biopsies have potential to determine prognosis, early detection , detect early
recurrence and disease progression.
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