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£ a h EXEI52001-2020 EREE MISFEKE (BEXT)

FEF<EE 2001 2002 2005 2010 2015 2020
Biomedical/Gene Research 801 1118 3081 6820 14560 20090
Disease 27 52 234 1430 3640 6650
Treatment/Management
Pharmacogenomics 9 13 78 660 1820 3690
Diagnostics/Testing 54 104 390 1760 4420 8200
Agricultural Biotechnology 0 0 39 110 260 410
Environmental Industries 9 13 39 220 520 820
Forensics & Military 0 0 39 110 520 410
Others 0 0 0 0 260 410
Total 900 1300 3900 11110 26000 40680

Source: Helmut Kaiser Consultancy
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Next-generation Sequencer
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Libra Sequencin Nucleotide Signal detection Type of Run- Max Output
Company/Platform orary. quencing AN 9 P . P
amplification principle modifications method sequencing error time length/read  (Gb)/run
454 FLX emPCR on Pyrosequencing None Optical detection of light, Indels in
Titanium microbeads emitted in secondary reactions  homopolymeric
454 FLX+ initiated by release of Ppi upon  regions g
Roche 454 GS nucleotide incorporation 10h 400bp 0.5-1
Junior
Titanium
MiSeq Bridge-PCR on Reversible terminator End-blocked Optical detection of fluorescent  Substitutions, in 5-55h 2x300bp 0.3-13
flow cell surface sequencing by synthesis  fluorescent emission from incorporated particular at the end of
HiSeq nucleotides dye-labeled nucleotides the read 11h-11d 2x150bp 15-500
lllumina NextSeq 11-30h 2x150bp 19-120
HiSegX 3d 2x150bp 1,800
NovaSeq 48h 2x150bp 6,000
PGM emPCR on Semiconductor-based None Transistor-based detection of Indels 3.7h 400by 0.09-1.9
microbeads fluorescent H+ shift upon nucleotide P : :
oligonucleotides incorporation
lon Torrent  Proton 4-6h 500bp 12-88
S5 2.5-4h 400bp 2-16
RSl S_ingle-molecule, re_a\— Phosphor-linked Real-time optica_l detection of Indels 2h 3000bp 0.09
N time DNA sequencing fluorescent fluorescent dye in polymerase
PacBio NA by synthesis. nucleotides active site during incorporation
Sequel 0.5-6h 20,000bp 0.08-1.25
Changes in electrical None Real-time changes in electrical ~ Indels
Oxford . current are used to read current caused by bases of .
Nanopore MICH e off the chain of nucleic nucleic acid flow through. ninssh 10:0000p &

acid bases.




Roche 454 NGS Workflow

Emulsify beads
Genome fragmentation. DNA annealing to and PCR Clonal _ Beads loading
Adapterligalhs capture beads. reagentsin  amplification. enrichments. on chips.

microreactors.
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Genome fragmentation.
Adapter ligation.
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Second base
imaging.

Sequence reads by
multiple cycles

lllumina NGS Workflow

Amplification
complete.

Data alignment.



lon Torrent NGS Workflow

o — —
— I —

* Procedures and chemistry similar to Roche 454.

* Instead of PPi, measure H+ release (pH
change) via semiconductor chip.

* No expensive camera or laser required, no
modified nucleotides.




PacBio NGS Workflow
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Oxford Nanopore

DNA base e DNA double helix
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The membrane contains pore-forming
proteins with an inner diameter of 1nm.
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Lab-on-a-chip




Small Lab V.S Large Lab
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Multiplexed volumetric bar-chart chip
for point-of-care diagnostics
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Lab on a C A
Cibe thin: Lok Chip, 2012, 12 2165-J174
AR PR Gt PAPER

Human gui-on-a-chip inhabited by microbial Mora that experiences intestinal
peristalsis-like motions and fow ]
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Lung-on-a-Chip Breathes New Life Into Drug Discovery
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1. Intestine
2. Liver

Blood flow circuit

A
Excretory flow circuit Lab Chip, 2015, 15, 2688-2699
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Lab on a Chip

COMMUNICATION 1.'.-?-. r.r.ml-":i.::.,-.

@n—uﬂ Multicolored silver nanoparticles for multiplexed
disease diagnostics: distinguishing dengue, yellow

fRrmlsEmam A Es - feyer, and Ebola virusest

e by P Char-Wan Ten ™ Helona de Bug” Juttng O, Tam™ Jowe Gomes-Manpees
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Lab on a Chip -

F— High-throughput screening of antibiotic-resistant
bacteria in picodroplets!
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@,r-—».q Towards microfluidic sperm refinement:
impedance-based analysis and sorting of sperm
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EpCAM functionalized CTC-chip
Anti cytokeratin Genomic DNA
stain extraction
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of CTCs Analysis of EGFR
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Module 1
CTC+Chipt : .
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Free beads
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CTC-Chip2
(Inartial focusing and
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Nature Protocols, 2014, Vol.9, No.3
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® Non-invasive diagnostics
® Compassionate Treatment

=3 ® QoL management
/Eunug E & 9

\ | ® Low dose CT examination
A& ® Gene testing
P ©® Companion diagnostics
£8% [EE
F_E__“_ﬁ{f‘: ® Clinical trial
praEsail ® Precision medicine

=b-5i- —
I ® Low dose CT examination
® Cancer marker test

Diagnostic
Threshold BRHARZER ©® Health screening

(Lcm)

N | ® Genetic risk factors
S HAER R screening
SR ® Environmental risk factors
S elimination
AR ® Life style management
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Global Liquid Biopsy Market Value
By Disease Indication, 2017 (US$ Mn)

« Global liquid biopsy market:
US$ 456 M, 2017

» Estimated market at 2027:
' ' ' ’ ' US$ 3,130.7 M
Souce: e Modet raights, 2017
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+—# Patient A: 83y/o female, non-smoker, gefitinib treatment
&----8 Patient B: 31y/o female, current smoker, gefitinib treatment

11.1ER 7 {E&MARA
Best response: PR
PFS 11.1m
Best response: PR A.Sf@ﬁﬁﬁ?ﬁ?ﬁE@BﬁA

PFS 4.8m
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Plasma c¢fDNA EGFR mutation status
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Mutant type PNA Nybridize to the perfectly
C1DNA are denatured at DNA clutch probes
90 *C to form ssDNA prevont reassociation matched wikd type, mutant target ctONA
singlo-stranded

J. Am. Chem. Soc., 2016, 138 (34), pp 11009-11016"
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On-site, fully automated cfDNA purification
‘ ——

ﬁ?/, |

Cancer Sample Lab-on-a-disc cfDNA Analysis
patients collection (< 30 min) (e.g. Digital PCR) |
(~ days)

Multiple steps, only in a central labs..

/
- =

S

Transport Centrifugation cfDNA Purification

i_ .
..
b

Lab Chip, 2018, 18, 1320-1329
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Q a
Proteinasa X Lysis buffer hole blood
ca Mw
Binding Lysi % 1
Buffer »
% ~ Mixing with binding buffer
Waste  Binding cfONA on silica beads
c1o 4
Y olon mx:
Elution of (fONA
Eully automated, < 30 min

Elution of cfDNA
Lab Chip, 2018, 18, 1320-1329
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TESERERELAEIRINZENZZM?

BEERZERIEE 757X (LDT, Lab Developed Test)

An device that is intended for clinical use and designed, manufactured and used within a single
laboratory.

FDA does not consider devices to be LDTs if they are designed or manufactured completely, or
partly, outside of the laboratory that offers and uses them.

B2 SM a2 22 ¥ (IVD, In Vitro Diagnostic Devices)

An instrument, apparatus, implement, machine, contrivance, implant, in vitro reagent, or

other similar or related article, including any component, part or accessory which is:

1. Recognized in the official National Formulary.

2. Intended for use in the diagnosis of disease or in the cure, treatment or prevention of
disease.

3. Used in laboratories or other health professional settings or for consumers to use at home.

US FDA; Federal Food, Drug, and Cosmetic
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® US FDAE 1976 E¥I B2 SMN a2 Efsa M BN EIERFE - WEEIRE LDTE’JEFH

° FDAE’\2010¢7)§§¥}J¥ % BMER Eﬁ?ﬁJnT?ﬁ%ﬁ ZRHESE: FANZEBERAR
9%‘%@?%% B E R EIR AR EIETRE - HFERERMFDAKRZ O M E 5P

R R FESKIREN AR S EEBRILDTIEIRAE

o 52012& e ARAE—IEE R HISENGS T # FDAZ & - BJ{ECLIA ~ ISOZ CAP &
ARtE+ES] -

® 2012F11HUS CDCHEREEZEXRHHEE= « s D T KNGSTER REA LR
58 - (Nature Biotechnology, Vol.30, Nov.11, 2012)

® 2013F11HUS FDAZOINGSTERK EFEMA - BE: NWRETRBRER - YA mR
(Nov. 19, 2013) * (NEJM, 369: 2369-71, 2013)

® 20149 10H3HUS FDAE 4 Framework for Regulatory Oversight of LDTs -

® 2015F 1B =R KRB =17 = (ACLA)ERTJohn Conley¥#12014FFDARN B FER T
ﬁi]LLDTEfﬁJ’:‘FDAEf@

0 2016 F9AERIEAEREHZTIEE RAlan Mertzzz~: LDTEIFEEBERELLTE -
(EFRTE S IEMRE T A ZEBLDTREIFT LUK iR R B EM Bl A=

® 2017F1HUS FDAEIRIAEELDTH#BIE5IVETT - SEHBABREEEEERNMGE -




NGS in Clinical Diagnostics

The NEW ENGLAND JOURNAL of MEDICINE

DECEMBER 15, 2011

First FDA Authorization for Next-Generation Sequencer

Francis 5. Colling, NLD,, Ph.D.. and Masgaret A, Harmburg, M.

Their commentary hints that such lab-mad tests could
come under increased scrutiny: “putting in place an
appropriate risk-base regulatory framework is now critical to
ensure the validation and quality of tests.”

NEJM, 369:2369-71, 2013
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Repeatability:
Same condition;
Within-run

Reproducibility:
Change conditions;

Between-run
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Agreement between the best estimate of a quantity and its true value.
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Sensitivity and Specificity
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Sensitivity and Specificity
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Reference Range (£Z £l [E)

A reference range or reference interval is the range of values for a physiologic
measurement in health persons.

2.5%
False Positives

2.5%
False Positives
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(In vitro diagnostics)

LDT
(Lab developed tests)

Development and
Manufacturing

Regulatory Agency

Documentation

Analytical Validation

Premarket Review &
Approval for Tests

Clinical Validation

What is Sold?

by device manufacturing

FDA

GLP, GCP (if applicable), GMP,
CLIA SOPs/quality system

Required
Required

Required

Diagnostics

by single laboratory

CLIA via CMS; FDA:
enforcement authority

GCP (if applicable), GLP, GMP,
CLIA SOPs/quality system

Required
Not Required
Not Required

Service
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Risk-based development

v BB ETREUNIGRE B R N REG RS E ik -

v ‘BE = HAIE MY R (prospective) sk B8 M FL
B (retrospective) EITREAH -

v IR E S WA BEER B {E 25 2152 -

v B IRRIEPPY) - RMIERIENPY) - BB -
Bz EFZETIG -




A FRE b S o B Al A



=M Em{EER

G- ¥

gl BH msm AR BFEER




REIMNZE S R M B R ES

IVD&IEEE - EBERIEGENE R AR ZEE - (FARZEERIEMARR
(SRREREZRTE ) MERZZERE - F2(5 2K EFEZEEM -
Eim b E R

1. REASEEET RN IZEMER 7P EH ~ FHERAZE -

2. BREREAIGEAERmEE S 7R E T % - [Rigmisic
R RImERpEE -
EmZ%EE  vE - JBiE - 4Bt - BR - BRE BREER -
BiEsmiciEEl AR RRE NER -

GIR BRI S -
BA RN GRS VENRELZEE B -

o Ul AW



35 F 22 =]

2O

=

A BRRMEE KERARSIES
B~ MRE KIRES

C R EERNEYE

D - Bt HRERE 2RI E TR -




Bz R B 78l 53t

Pre-Clinical Testing

B2 E/BIRM (Precision/Reproducibility)
MM (Accuracy)

ZHE (Sensitivity)

FEM (Specificity)

fE1EMERS (Cut-off Value)

21 (Stability)

FE MM (Interference Study)

B (Traceability)
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Validation

FDA Design Control Guidance



Ex =] =] i = k4 g

sefEza M &BEINeZENgS ™4
« BBE23M (Medical Device)

AEFMEEEREM - BEREZE - BE -~ HE - EEFEMA
BER - BEES WU EANBERAIE MR - HIEDIZE
B s CE A AERRAR  LUEREFEINBE 2 &es © 28
W RE Y8 - #e - BRINEE REAMEEYMm -
(BEEZFE T+ =1%)

- B29M 2 EREEE 234 (In Vitro Diagnostic Device, IVD)

GigRE - EREGENBR AR Z1EEE - fEAZETERD
Hi o (ZRERE ZRE)MER ZZE R « Eam R mEE
Bt e
(BE:RVMERSIERAFEIIK)



== AN
MR
&k ELBRTE E 7 =4 (RIBEB RS BT LS 15

165 B0 Bk 14 oh B = R
I Il

O D

th&aE
(EmAE I 3E) B m

Al

A m



_ HBRKRBUELRE
o fis PR BRI

BHE : BRIEER MR Y - W ol BLURARER T B R iR (FEE)
ZSEKE -
RA: ERERERANR - ETEMZZMERERER -

« ZEMAE o TnaetE Rl
RIREIISO 14971 ISO, IEC, ASTM, AAMI, CLSI, £
B2 2I1EC 60601-1 8.

EhEBEMIEC 60601-1-2
FTYHEEHEISO 10993
WEERSO 11135, 1SO 11137
ERESHEIEC 62304

o] M2 HTIEC 62366

Bl B



=M EEEE 1S014971

ETEMHEE RIER
S REE FEEETE

ol /1) L Pz 1l [ Pz



[ Bz 1% 2R Z2 RE Pe
L] & Z8 Impact
Risk Value

P*l

%
B

Probability

BElRISEE IABRRBE - HEEASIBNEE &R -
ElRrE5E: FRIVEBEERE -



LB 1 o 7 B2 4

BE e

(Threat) (Opportunity)
=R 1F T [ s
F#E Avoid FH+h Exploit =
EES Mitigate 125 Enhance e
¥4 Transfer 3= Share ch1E
¥ Acceptance 1#%= Acceptance &

v EEEEES: BRI ERILEREEE %R Kt E (Contingency Reserve/Plan)
v EMEEEES: BREEE S SEREEEE(Workaround Plans)



B = 70 g
oo
J7| b5 E = 7 filg
SIS ERR(CUE) ERMNTEEEEZSETEERE ST
60% [ BEBER < 8005
(¥EF2000%) (2000-1200)
EES ®
(BE®E12008)
. EEBER 3008
360= 40% | (EEFI900%E) (900-1200)

800x60%+(-300)x40%

g AR
60% [ SEBR < 7008
(E:'JlZOOE) (1200-500)
HRREWE
(BRE5008)
= BEHEXK ' 1005
700xg(.)°6/o91§x40% 40% (_EFI600%) (600-500)
W RRE
= 3z
QL TEEAEE Wi

4 AR



EE x4 e5 M THEATR £

ISO 14971---EfeEE

IEC 60601 %51 BB 2R 2 @A

EC 61010 25— RN IHNZHR1E - BRERME
SO 10993 31— BE

IEC 60695 %51-—-F K 362

IEC 60529k 5 EE8R

EC 60417 R iZ32




TH)EE M 1SO010993

EEAI EEisERRE

- KB - BRZRREE/EHE - HEAZEE24
- MIE INES Z 23

- RAARERK

. EEMREE . BiB24/)\BETBBI0K 2B -
. B/ FEEE

. MEEBZRS

. P B . BIB30FBE LB -

. Y&



TH)EE M 1SO010993

o AR ER(1SO 10993-5)

o K7 BB RER(1SO 10993-10)

« EZBRIBM4EER(SO 10993-10)
BRRIZN G B2
FZ AR R R

« 2RSS MEER(1SO 10993-3)
YPRIECE OB R 5 b
RRINRBESEE N alER
e 4R AR R i EL B

« £iaE M (S0 10993-3)

o BUEM(1SO 10993-3)

o« MRAEEMMEER(SO 10993-4)
o 1 A58 (1SO 10993-6)

o Z0/R 51l Bg/rabbit or LAL(ISO
10993 11)
. %%ﬁ%’f&*%ﬁ%@(lSO 10993-11)

=M b
EE%/EET SR
iEns 1t



FDA Proposed Risk-based Framework

Class Il FDA PMA
High Risk
Non-unmet
Needs >_
Non-rare Class | Exempt FDA review
Low Risk
Proposed Exempt FDA review

IVD for
Clinical Use

Exempt FDA review
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