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c tDNA & Ji& a] 52

Timeline | Detection of various forms of cfDNA in patients with different types of cancer

* HBV DNAin ® Ovarian cancer DNA integrity
* Melanoma and breast * Lung cancer hepatocellular cancer * Lung cancer KRAS mutation and Nasopharyngeal
cancer microsatellite LOH microsatellite LOH Owarian and cervical * Prostate cancer and melanoma BRAF mutation carcinoma and
* Breast cancer CpG island * HPV DNA in cancer CpGisland melanoma CpGisland * Oesophageal cancer CpG bladder cancer
methylation cervical cancer methylation methylation island methylation DNA integrity

* Pancreatic cancer Detection of EBV DNA Colorectal cancer * Lung cancer CpG island * Hepatocellular cancer * Hepatocellular cancer and
KRAS mutation in nasopharyngeal KRAS mutation methylation microsatellite LOH neuroblastoma CpG island
* Breast cancer carcinoma * Hepatocellular and ovarian * Breast cancer DNA integrity methylation
TP53 mutation cancer TP53 mutation * Lung cancer EGFR mutation * Prostate cancer
* Oral cancer microsatellite LOH microsatellite LOH

The development of the detection of genetic and epigenetic alterations, as well as the measurement of DNA integrity and viral DNA, in blood from patients with different
tumour types over the past decade is shown. We show only significant, prognostic findings from >40 patients with serum, plasma or bodily fluid detection of cell-free DNA
(cfFDNA) from individual cancers. This timeline is not meant to be comprehensive and is based on our own personal view of what have been important clinical

translational events. EBV, Epstein-Barr virus; EGFR, epidermal growth factor receptor; HBV, hepatitis B virus; HPV, human papilloma virus; LOH, loss of heterozygosity.

Nature Reviews Cancer 11, 426-437 (June 2011) | doi:10.1038/nrc3066
Cell-free nucleic acids as biomarkers in cancer patients
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c t DNAS M55 AR

Technique Sensitivity Optimal Application

Sanger sequencing > 10% Tumor tissue

Pyrosequencing 10% Tumor tissue
Next-generation seqeuncing 2% Tumor tissue

Quantative PCR 1% Tumor tissue

0.10% Tumor tissue

BEAMing, PAP, Digital PCR, TAM-Seq 0.01% or lower ctDNA, rare variants in tumor tissue
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Noninvasive detection of response and resistance in

EGFR-mutant lung cancer using quantitative next-generation
genotyping of cell-free plasma DNA

Geoffrey R Oxnard, Cloud P Paweletz, Yanan Kuang, et al.

Clin Cancer Res Published OnlineFirst January 15, 2014.
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Circulating mutant DNA to assess tumor dynamics

Frank Diehl"3, Kerstin Schmidt!%, Michael A Choti?, Katharine Romans!, Steven Goodman?®, Meng Li!, Katherine
Thornton!, Nishant Agrawal', Lori Sokoll*, Steve A Szabo!, Kenneth W Kinzler!, Bert Vogelstein! & Luis A Diaz Jr!

nature,, .
medicine

Tumor

AR e o Y]
]

Direct sequencing
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for example, APC 1338 C—T

Plasma
|

v v
Real-time PCR BEAMing
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Mutant ¥
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Fluorescence intensity (Cy5)

Flu cence intensity (Cy3)

Total DNA

concentration
for example, 11,500 DNA
fragments per sample

Percentage mutant DNA
for example, 0.27%

v

Mutant DNA concentration
for example, 31 mutant DNA
fragments per sample
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Science

Translational

Noninvasive ldentification and Monitoring of Cancer Mutations by

Medicine Targeted Deep Sequencing of Plasma DNA
AV AAAS Tim Forshew et al.
= Sci Transl Med 4, 136ra68 (2012);
DOI: 10.1126/scitranslmed. 3003726
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with broad patient coverage
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An ultrasensitive method for quantitating circulating tumor DNA

Nat Med. 2014 May ; 20(5): 548-554,

R*=0.89
P =0.0002
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Breast Cancer Res Treat (20014) 146:163-174
DO0 10, TS5 1054900 8- 2046-2

EPIDEMIOLOGY

Plasma DNA integrity as a biomarker for primary and metastatic ;}’L }]7?%’% %?‘:J A ( jEJ ':/El:‘ /t"- !F% ﬁ% 'L&'—

breast cancer and potential marker for early diagnosis
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Lengthening and shortening of plasma DNA in
hepatocellular carcinoma patients

Peiyong Jiang®®", Carol W. M. Chan®?, K. C. Allen Chan®*?“', Suk Hang Cheng®®, John Wong°®,
Vincent Wai-Sun Wong®®¥, Grace L. H. Wong®®f, Stephen L. Chan®?, Tony S. K. Mok“9, Henry L. Y. Chan®®",
Paul B. S. Lai““, Rossa W. K. Chiu®®, and Y. M. Dennis Lo?*P<?
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Lengthening and shortening of plasma DNA in hepatocellular carcinoma patients.
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ANTICANCER RESEARCH 30: 2T85-2790 (2010)

Cell-free Circulating DNA: Diagnostic Value
in Patients with Renal Cell Cancer

ANTICANCER RESEARCH 32: 3119-3124 (2012)

Cell-free Serum DNA in Patients with Bladder Cancer:
Results of a Prospective Multicenter Study

J Clin Pathol 2013;66:775-778

Circulating cell-free DNA in serum as a biomarker of
colorectal cancer

American Journal of Clinical Pathology 2015; 143(1):18-24.

Measurement of Circulating Cell-Free DNA Levels by a
Simple Fluorescent Test in Patients With Breast Cancer

PL0S One. 2015; 10(4): €0108247.
Circulating Free DNA as Biomarker and Source for Mutation Detection in
Metastatic Colorectal Cancer
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el Detection of Circulating Tumor DNA in Early- and Late-Stage Human
Translational Malignancies

Chetan Bettegowda et al.
- Sci Transl Med 6, 224ra24 (2014);
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Analysis of Circulating Tumor DNA
to Monitor Metastatic Breast Cancer

52 Women with metastatic breast cancer

'

1

Tumor tissue

Serial computed
tomography

Serial blood samples
collected

!

Identification of somatic
genomic alterations

[

|

'

Targeted sequencing of
PIK3CA or TP53 mutations
in all 52 women

Whole-genome sequencing
to identify mutations, SVs,
or both in 9 of 52 women

|

i

25 Had mutations

9 Had mutations or SVs

'

Serial blood samples
analyzed

'

'

30 Had mutations or SVs
22 Had mutations only

3 Had both mutations
and SVs

5 Had SVs only

141 Samples from
30 women underwent
quantification of
circulating tumor
DNA

126 Samples from
30 women underwent
enumeration of
circulating tumor cells

114 Samples from
27 women underwent
quantification
of CA 15-3

1

l

126 Samples underwent
comparison of circulating
tumor DNA vs. circu-

lating tumor cells

114 Samples underwent
comparison of circulating
tumor DNA vs. CA 15-3

N Engl J Med 2013; 368:1199-1209
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Comparison of Circulating Tumor DNA, CA 15-3, and Circulating Tumor Cells as Blood-

Based Biomarkers

A CA15-3 vs. ctDNA

CA 15-3 ctDNA
Detected Not detected Total r2=0.36
Patients 104 P<0.001 =2 2 S
Elevated (>32.4 U/ml) 21 0 21 j’\-@i/‘g_ :
Not elevated (=32.4 U/ml) 5 1 6 103 e®® *
Total 26 1 27 T .
- N
ctDNA sensitivity, 26/27 (96%) 3 102 /f 3 ‘:]:' e
CA 15-3 sensitivity, 21/27 (78%) - - ..J— .,, -------- }?] )r}] f DNA:
Samples v 101 i- N ,e® e
Elevated (>32.4 U/ml) 67 4 71 <
Not elevated (=32.4 U/ml) 27 16 43 Y NDA CA 15-3: 59%
Total 94 20 114
ctDNA sensitivity, 94/114 (82%) S PR S e VA S S
CA 15-3 sensitivity, 71/114 (62%) ND 10° 10' 10¢ 10° 10* 10° 10
ctDNA (copies/ml)
B CTCvs. ctDNA
CTC ctDNA
Detected Not detected Total
Patients
Elevated (=5) 18 0 18
Detected (1—4) 7 1 8
Not detected (0) 4 0 4
Total 29 1 30
ctDNA sensitivity, 29/30 (97%) _ r2-0.61 Y s
CTC sensitivity (detected, >0), 26/30 (87%) 2 P<0.001 jg,\_gi };’Ji o
CTC sensitivity (elevated, =5), 18/30 (60%) 2 10% °
Sarrrples | ‘s 103 .
Elevated (=5) 45 1 46 = ,{ ‘-_F N5 . 0
Detected (1-4) 28 2 30 n 1074 }é }Z: H J;] DNA . 90 /0
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CTC sensitivity (detected, >0), 76/126 (60%) H
CTC sensitivity (elevated, =5), 46/126 (37%) & NDA
5}
Median ratio of ctDNA copy numbers (per 3.75 ml of plasma) S f 16 101 102 103 1nd A0S 108
to number of CTCs (per 7.5 ml of whole blood)=133 (interquartile =z ND 10° 10° 10° 10° 10¢ 10° 10

range, 51-528) ctDNA (copies/3.75 ml of plasma)
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E Quantiles of ctDNA and Overall Survival
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Monitoring gastric cancer progression with

circulating tumour DNA
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First, we compared cell-free DNA and ctDNA dynamics for the
ability to monitor the treatment response (Figure 1). The cell-free
- DNA values fluctuated in all but one of the patients, regardless of
2 = the disease course, In one patient (patient 8), cell-free DNA
“increased along with the rapid progression of multiple liver
metastases. In this patient, the majority of the cell-free DNA was
derived from the tumour. By contrast, ctDNA dynamics were
concordant with disease progression.
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Capturing intra-tumor genetic heterogeneity by de novo

mutation profiling of circulating cell-free tumor DNA
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ILiguid biopsies to evaluate early thherapeutic
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PNAS | November 19,2013 | vol. 110 | no. 47 |
Noninvasive detection of cancer-associated genome-
wide hypomethylation and copy number aberrations
by plasma DNA bisulfite sequencing
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Percentage of bins showing hypomethylation in HCC patients and chronic hepatitis B virus (HBV)
carriers with cirrhosis
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The Acquisition of AMLH1 Methylation in Plasma DNA after
Chemotherapy Predicts Poor Survival for
Ovarian Cancer Patients

Journal of Thoracic Oncology: 2011 6 :1632-1638

SHOX2 DNA Methylation Is a Biomarker for the Diagnosis
of Lung Cancer in Plasma

World J Gastroenterol. 2011 Nov 28; 17(44): 4917-4921.

Plasma DNA methylation of Wnt antagonists predicts recurrence of
esophageal squamous cell carcinoma

Int. J. Cancer: 131, 1153-1157 (2012)
DNA methylation patterns in blood of patients with
colorectal cancer and adenomatous colorectal polyps

ONCOLOGY REPORTS 32: 505-512, 2014
Differential promoter methylation of Kinesin family member 1a in
plasma is associated with breast cancer and DNA repair capacity
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Loss of Heterozygosity at Tumor Suppressor Genes Detectable on
Fractionated Circulating Cell-Free Tumor DNA as Indicator of

Breast Cancer Progression

Heidi Schwarzenbach, Corinna Eichelser, Jolanthe Kropidlowski, et al.

Clin Cancer Res 2012;18:5719-5730. Published OnlineFirst September 25, 2012.

_DHigh

@ Low
16 | Combined

12

Frequency of LOH (%)

Microsatellite markers

S
T

i=
B
]

Overall survival (x100) =
(=]
?

o
(M)
1

o
(=]

P=0.176 |D1251725
high

no LOH
-NLOH

no LOH-

censored
1 LOH-
censored

| | | |
0 20 40 60

Observation time (months)

C 1.0 - F=0.004 |D1251725
g‘ combined
0.8 no LOH
:l_; JILOH
= 0.6 no LOH-
c censored
® 0.4 +LOH-

E censored
© 0.2+
o

0.0+

| | | |
0 20 40 60

Observation time {months)

- P=0.007 |D1251725
low

no LOH

HTLOH

no LOH-

censored

- LOH-

censored

o =
T 9

Overall survival (x100) ity
o
(o]

o o o
T Y%

| | | |
0 20 40 60
Observation time (months)

www.fzcrb.com

X P EDNAY T K A

AR ROMERLES T

£DNAY T,

¥ #4244 DNA# cyclin
D2 A B (D12S1725) #4944
& B9

TEReMHRK,
mﬁ%é{é, -Ej—lflﬁﬁgftﬂﬁ%’;:‘g
/%%é%éﬁyﬁ *i:':l\i‘ﬁé]o



www.fzcrb.com

LOH at 6 and 10q in fractionated circulating
DNA of ovarian cancer patients is predictive for
tumor cell spread and overall survival
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Sabine Kasimir-Bauer'
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*Thi= table represents different forms of cell-free nucleic acid (cFNA) that have been detected in patients with the most prevalent
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