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Non-Inferiority Clinical
Trials to Establish
Effectiveness

Guidance for Industry

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
( Center for Biologics Evaluation and Research (CBER)

9 November 2016

Clinical/Medical
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Detection of Circulating Tumor Cells

Sanne de Wit, Guus van Dalum, and Leon W. M. M. Ters'(appen’t

In 1869, Thomas Ashworth described the microscopic
observation of circulating tumor/cells (CTC) in the blood of a

man with metastatic cancer. He concluded that the CTC must have passed
through the circulatory system to arrive at the vein from which the blood was collected [1].
The critical role that circulating tumor cells play in the metastatic spread of carcinomas has
been demonstrated more than 100 years later [2]. Only recently technology has become

available with the requisite sensitivity and reproducibility to explore the diagnostic
potential of CTC [3].


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4124199/#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4124199/#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4124199/#B3
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Circulating Tumor Cells in Blood
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scientific reports (2021)

\ W) Check for updatee;

OFPEN  Circulating tumour cells
as an indicator of early
and systemic recurrence
after surgical resection
In pancreatic ductal
adenocarcinoma

" Yejong Park'*, Hye Ryeong Jun®**, Hwi Wan Choi?, Dae Wook Hwang?, Jae Hoon Lee?,
Ki Byung Song', Woohyung Lee!, Jaewoo Kwon', Su Hyeon Ha!, Eunsung Jun®** &
Song Cheol Kim*™
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CellSearch by Veridex

(The only system approved by US FDA for CTC enumeration)

AutOPrep for Anti-EpCAM
CTC Enrichment

=<
V\ 4

Polymer layer / \
120-200 nm / X

Biotin Analogue I - Streptavidin I

CellAnalyzer for __,
CTC Identification

< Biotin
Processing by the CellTracks® AutoPrep® System —
Aspirate plasma AsDi ; Permeabilize and -
pirate fluid and e | Binds to bound
Add buffer unlabeled cells add Staining @ treptavidi
Add ferrofluid. Reagents Y streptavidin
) Amplifying
volume of iron

nano-particles

Magnetic incubation Remove magnets. cTC leukocyte
Resuspend target
cells in buffer




Tumor Cells Circulate in the Peripheral Blood of All Major Carcinomas but not in Healthy
Subjects or Patients With Nonmalignant Diseases (2004)

W. Jeffrey Allard, Jeri Matera, M. Craig Miller, Madeline Repollet, Mark C. Connelly, Chandra Rao, Arjan G. J. Tibbe, Jonathan W. Uhr, and Leon W. M. M. Terstappen
DOI: 10.1158/1078-0432.CCR-04-0378 Published October 2004
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Circulating Tumor Cells versus Imaging--Predicting
Overall Survival in Metastatic Breast Cancer (2006)

December 2006 - Clinical Cancer Research 12(21):6403-9
DOI:10.1158/1078-0432.CCR-05-1769
Source - PubMed

91 6 1

>

CTCs at 1st Follow-Up Blood Draw
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@Therapeutic Advances in Medical Oncology

Circulating tumour cells: their utility in cancer
management and predicting outcomes (2010)

Matthew G. Krebs, Jian-Mei Hou, Tim H. Ward, Fiona H. Blackhall and Caroline Dive

Potential applications of circulating tumour cell (CTC) analysis.




Methods and Platforms for CTC Analysis

[ Isolation of CTCs from |

(a) v | aBlood Sample | *
| Label Dependent Dectection | | Label Free Dectection |
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MiCareo Technology (eDAR): Sorting from Billion to Thousand

We begin with whole blood
This ensures minimal target
cell loss.

A single tube of blood contains
billions of cells.

r MiCareo

-@®

We labelthe

target cells
with single or
combined
florescent
antibodies to
enhance sorting
sensitivity.

eDAR sorts out the nano-liter
“aliquots”
of blood containing the target cells -
in milliseconds.

Resulting aliquot contains
thousands of cells (~25,000 RBC,
~25 WBC, 1 target cell)

14



MiCareo Technology (eDAR): Enriching from Thousand to One

-

On-Chip Filtration
to remove RBC and small
nucleated cell, with 5 or 2.5
micron filter to retain
different size of target cells.

No clogging, cell shear stress
or capacitance issues found
with other technologies.

Reagent Staining &
Imaging
Fully automatic and up to
13 biomarkers can be
analyzed.

Imaging & Analysis
Automated imaging and
comprehensive analysis

software

15



MiCareo Technology: Cell Retrieval from Billion to One

15t eDAR
Y 2nd eDAR ’
as’
Waste /

We begin with whole blood Two stages of eDAR First stage Second stage Collect in Vial
and label the target cells sorting for initial enrichment for single cell A vial of 150 pL volume
This ensures minimal sample  for excellent cell purity. purification with high purity of
loss. swreriz O urterma S vave 2 target cells.
i B _am f
A single tube of blood F 3%
contains billions of cells. = { N s e e
o W “ Waste 1
Waste 2 Al %‘
[ )
| -
R | tubing [‘
e By NGS or Q-PCR

| . .
5( ) Mutation analysis
aar

|

MiCareo




Both cellular and cell-free plasma analysis can be performed
with a single tube of blood.

Cell-Free Genetic Mutation Analysis M ( ( )

[—— Rare cell enumeration |
e C(TCs
Plasma - o |mmune Cells Cell and biomarker
e FEPCs . characterization
e Stem Cells

White Cells -
Red Cells
Rare cell retrieval

¥ CTGCs

¥ Immune Cells
¥ Nucleated RBC
¥ Trophoblasts

Tumor-lmmune cell
interaction

MiCareo

RARE CELL DIAGNOSTICS



Professor Daniel T. Chiu (Ef{& 22 %)
University of Washington, Seattle

Postdoctoral research Harvard University, 1999

' Ph.D. Stanford University, 1998

B.S. and B.A. UC Berkeley, 1993




MiSelect R Open System 2012

Engineer model-2015



Superb Detection Performance

BRFIZEREEE PPA, NPAZ 5 R .
Reportable Range: 1-512 cells in 8mL whole blood
ICTC enumeration LoD =1 cell
Positive Negative Total 600
y =0.9398x-2.1361
Test positive 79 0 79 500 | R*=0.9963 .0
Test negative 1 28 29 :.
400
Total 80 28 108
300
Number tested Agreement 95% Confidence Interval
PPA 80 98.8% (93.2%, 100%) S
NPA 28 100.0% (87.7%, 100%) o '
PEARHE (N=80) % SR LIE(N = S0) 28 (N = 0)slc U (N = 21) 78 e PR 42 Ao | o
SRR (N=28) % 28 (F A M AR IR e .2 fRRE R 5 4 i A B AR 0 @ il
L . 0 100 200 300 400 500 600
PPA — Positive Percent Agreement
“NPA — Negative Percent Agreement

"1, 8, 32, 128 and 512 cells spiked into 8mL whole blood, N=6 for each

m N8 EHEEIREE M5 RIS AN 088(N=28)581-388(N=80)f=HRaE 1T4#E 8], PPA: 98.8%, NPA: 100%
m A8 EHAEMY, BMFRF1EEZRMEhEERESR HAERESHFN SEAOFFE—EA!
m £ 8EHLMmA, 13 512 FEMEERFETS
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> Angew Chem Int Ed Engl. 2012 May 7;51(19):4618-22. doi: 10.1002/anie.201108695.
Epub 2012 Feb 22.

Sensitive and high-throughput isolation of rare cells
from peripheral blood with ensemble-decision

aliquot ranking

Perry G Schiro ', Mengxia Zhao, Jason S Kuo, Karen M Koehler, Daniel E Sabath, Daniel T Chiu

f

P & B 73 e 2 (2019)

> Anal Chem. 2019 Nov 19;9122):14605-14610. doi: 10.1021/acs.analchem.9b03690.
Epub 2019 Nov 7.

Isolating Rare Cells and Circulating Tumor Cells with
High Purity by Sequential eDAR

Eleanor S Johnson ', Shihan Xu ' 2, Hui-Min Yu 3, Wei-Feng Fang 3, Yuling Qin ', Liwu 1,
JiasiWang ', Mengxia Zhao ', Perry G Schiro 3, Bryant Fujimoto 1, Jui-Lin Chen 2, Daniel T Chiu

2

Affiliations

d 1 Department of Chemistry , University of Washington , Box 351700, Seattle , Washington , United

States.
2 Department of Bioengineering , University of Washington , Seattle , Washington , United States.

3 MiCareo Inc., Xing-Ai Road Ln. 77 No. 69 5F , Taipei City , Taiwan.
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> Nat Commun. 2018 Sep 12;9(1):3696. doi: 10.1038/s41467-018-06134-z.

STAT3-coordinated migration facilitates the
dissemination of diffuse large B—cell lymphomas

Yi-Ru Pan 1, Chih-Cheng Chen 2 3, Yu-Tien Chan ', Hsiao-Jung Wang 4, Fan-Tso Chien 2,
\Yeng-Long Chen 3, Jing-Lan Liu ®, Muh-Hwa Yang 7 & 9

/
4 B A 1E(2021) h

> Proc Natl Acad Sci U S A. 2021 Jan 19;118(3):e2014408118. doi: 10.1073/pnas.2014408118.

Interplay between desmoglein2 and hypoxia controls
metastasis in breast cancer

Po-Hae/Chang ', Min-Che Chen 2, Ya-Ping Tsai 2, Grace Y T Tan ', Pang-Hung Hsu 3,

\Yung—Ming Jeng 4, Yi-Fang Tsai °, Muh-Hwa Yang %, Wendy W Hwang-Verslues 7 /




HER2 Status Identified by CTCs are Highly Concordant with
IHC Test Results mBC study

A. HER2 Status Identification of Isolated CTCs in mBC Patients
HER2 (3+) >10%

DAPI EpCAM Cytokeratin CD45 Bright field HER?2
@ o = Ol CTC#1: HER2 (0)
i HER2 (3+)

CTC#2: HER2 (3+) -

§

= HER2 positive is defined as >10% HER2(3+) of total CTCs. HER2 (21 : 2
P &

= One patient (Pt#9) is identified as HER2 positive. i .
HER2 (14) KX

B. Compared to IHC Results — —3
HER2 (0) 01 - . °

Patient#

HER2 (Pos) 1/9 0/9
HER2 (Neg) 0/9 8/9 % HER2(3+)
Specificity - 100%

(2/0) %0 | 1#d
(1/0) %0 |z#d
(6/0) %0 |€#d
(6/0) %0 |¥#id
(2/0) %0 |s#d
(¥/0) %0 |9#d
(2/0) %0 |L#d

HER2 Status



CTC as Prognostic Marker and Can Reveal Early
Recurrence in CRC

Patient 069 (D13)
14 Recurrence found —o— CEA
l.0 and received chemotherapy No PD-L1 CTCs
12 detected
No PD-L1 CTCs
L1 PD-L1 CTCs detected
10 detected
2] E 8 PD-L1 CL'CS -
o 0 5- w detected
. : 6 | during su«15ery
' wi
— CTC hlgh (n = 28) 1 5(ng/mL
41 )
P=0.0005** == CTClow (n=157) /x\‘_f./\
2  —* —
N =185
000 1 I 1 I 1 0 2 : :‘l: : ~ ~ ~ ,\D D
0 10 20 30 40 50 S R ORW ] 3 2 S SE S
s 3N 3 s " 5 No
Months 5 5 55 2 E z a T
z w SS S - - %) z22 [a]
(mesenteric vein) Date

m Treatment monitoring using PD-L1(+) CTC analysis
m CTC analysis before surgery as
good prognostic marker

m PD-L1(+) CTC reveal early recurrence


https://clinicaltrials.gov/ct2/show/NCT03013868

Combination of Mutation Detection on CTC and ctDNA in Breast
Cancer Greatly Increases Sensitivity

e—» Plasma w1 CtDNA «» Gene Mutation Detection
CTC Enrichment by EpCam ] .
e—» Blood Cell «=»  piomarker wwi Cell(s) Mutation Detection
PIK3CA hotspot mutations Ealy BrCa(n =56)

Detection Sensitivity
[cTC 37/56 (66.1%)
[ctDNA 24/56 (42.8%)
[combination 45/56 (80.4%)
PIK3CA hotspot mutations | Metastatic BrCa (n =27)

E545K (Exon 9)

H1047R (Exon 20)

Detection Sensitivity
23/27 (85.2%




Detection of Drug Resistance on CTC before CT Assessment

Before Tagrisso Blood

NSCLC erl
) treatment drawn
Patient
‘ CtDNA analysis - Iden.tlfled as eligible for
: Tagrisso treatment
After 1 month Blood
drawn e 8 CTCs were isolated

‘ »‘ CTC i.solation by p °* 1CTCwas identified to
: MiSelect R have a Tagrisso
: resistant mutant,

G796D.

After 2 months
: CT scan

‘ »‘_> CT scan confirmed disease progression
NTU IRB No:

201802025RIPD




EGFR Mutation Analysis on CTC Reveals Heterogeneity

1%t and 2" line TKI Pleural effusion
and Chemo failure sample drawn No mutations
NSCLC P ctDNA analysis @ —>» 4
etected
Patient K
CTC isolation by . > 100 CTCs
MiSelect R isolated
Single cell 75% of the isolated CTCs contain both Change to 3™ Patient discharged after
mutation T790M and L858R mutations line TKI four days
analysis
NTU IRB No:
201802025RIPD




Profiling Tumor-Related Rare Immune Cell for Immunotherapy

Specific rare immune cells from peripheral blood are critical for selection of patients suitable for immuno-therapy and
monitoring of treatment response

Highly
activated

Intermediate
activated

PD-1 —
Neoantigen- —
specific T cells

Exhausted

Isolate neoantigen-
»_ specific PD-17 T cells

Marker Characteristics Biomarkers
#1 Activation marker 4-1-BB (CD137), B7 super family, IL-2, OX-40...
#2 Lineage marker CD3, CD4, CD8, CD11b, CD11c, CD19, CD56,...
#3 Functional marker TNFao, IFNy, Granzyme...
#4 Exhaustion marker LAG3, TIM3, PD1, CTLA-4...

Chemokine receptor CXCR4, CCRY...




Rare immune cell analysis by MiSelect R and Flow Cytometry

Average cell number S mMiSelect R
detected per 4 mL blood “Flow Cytometry

600,000 -

Use of Flow Cytometry:

e Analysis of cells with frequency greater than 1/100,000

450,000 - e Determination of distribution frequency of major types of immune cell
in the blood, but difficult for rare immune cells

Diagnosis of leukemia and lymphoma and treatment monitor

525,000

375,000

300,000

40 700 - o ~ m -
N g g v
500 3 g = >
& > 5 2
300200+ (%) (%) %)
124 _—
58
o N e m: = - 2
O\
Z \ Y J
6;5\ Subtype of PD-1(+)CD8(+) T

Cell




Number of CD8+PD-1+ Immune Cell Can Predict OS and PFS
of Immune Therapy

CD8'PD-1"cells were determined before anti-PD-1 therapy in HCC Patients

Overall Progression free
Survival Survival
1.0 10
P=0.023 P=0.025
087 0.8
| High cell
0.6 0.6
Median OS
15.0 months High cell
0.4 6.3 months . number
" Median PFS
0.2+ Low cell number . 12.1 months
3.9 months
o] 0.07 Low cell
.0'0 5.('10 10.I00 15I.00 20100 25l.00 30?00 .0’0 5.:)0 10!0({1 umD%EJO 20I.00 25?00
Month Month

m Patients with high cell number survive 2-5 times longer than those with low number.

ClinicalTrials.gov Identifier: NCT03434912 Manuscript in preparation



https://clinicaltrials.gov/ct2/show/NCT03434912?term=MiCareo&rank=2

Potential Uses of MiSelect R in Cell Therapy

1. Immune cell profiling of
patients

. Enrichment of therapeutic
cells
from patient blood

3. Potency analysis of
therapeutic cell
during expansion and
activation

MiCareo

4.Quality control of
therapeutic prep

5. Monitor the change of therapeutic cells on number, activity, and memory

status after injection
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FEEEER AR RIER= (LDTs)

IHIWmﬂube

. R R | 5
EGFRE REEE, 2. mRRRRE em - 2mh 2 ERERMEGIR ¢
¥3(CTC) :3. EE & EGFR : RS R
Z2 1 B E19 deletion, T790M, L858R :
e = P fEE4E R £ R AR E 5 £mth 2z EREZME
RIS E 2. @EDELn 5 HE
" '3 Biomarker: EpCAM, Cytokeratin, CD45 :
1. fERE$E A L R MRa = : :
%ﬁ“ﬁfﬂiﬂi%*ﬁum £ @i I ZE. - S/
(HER2,PD-L1) (EERIEE MBS g Eﬁ'ﬁ_ﬁi—ﬂ,&\.é‘ﬂ‘ﬂ . - EMRZHHFE VIR
i ) iomarker: EpCAM, Cytokeratin, HER2, : RIEEMAaET & :
PD-L1, CD45 :
', fEE5E R £ R AR : :
TR IR ST HE R4S :2. mRER s e m L 2Pz BESRMEETE
-3 Biomarker: CD8,IFN-y,PD1,TIM3,LAG3 : :
EREEN KRS E . mREREE S m L % 2 i & BTERN K MR
123 2. Biomarker: CD34,CD133,VEGFR : B 2

ENFH R B H 8
(Real-Time PCR)

T E MR AT 2K
(Specific Cell Counting)

T E MR ET 8L
(Specific Cell Counting)

FE MR AT 2K
(Specific Cell Counting)

HEMEETE
(Specific Cell Counting)

Aol i R

(Somatic Mutation)

EREREERA

. (Protein Expression Profile Test) :

EREREERA

. (Protein Expression Profile Test) :

EREREERA

(Protein Expression Profile Test) -

EREREERA

. (Protein Expression Profile Test) :

UL EE N,

LDTS 5! fift
FHEE

LDTS 51| fift
H

. BASs=pk, LDTSHI
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| BASESEREL, LDTSSI
M fis e
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MilCarer Rarecell Diagnostics




Milasen: The drug that went from idea to
injection in 10 months

A custom antisense oligonucleotide drug has set records for both personalization and speed in
drug development

by Ryan Cross
OCTOBER 16, 2019 | APPEARED IN VOLUME 97, ISSUE 42

Credit: Boston Children's Hospital

Timothy Yu, Mila Makovec, and her mother Julia Vitarello at Boston Children’s Hospital



Rare-Cell Diagnostics

The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT ‘

Patient-Customized Oligonucleotide Therapy
for a Rare Genetic Disease

J- Kim, C. Hu, C. Moufawad El Achkar, L.E. Black, J. Douville, A. Larson,
M.K. Pendergast, 5.F. Goldkind, E.A. Lee, A. Kuniholm, A. Soucy, |. Vaze,
M.R. Belur, K. Fredriksen, |. Stojkovska, A. Tsytsykova, M. Armant, R.L. DiDonato,
). Choi, L. Cornelissen, L.M. Pereira, E.F. Augustine, C.A. Genetti, K. Dies,

B. Barton, L. Williams, B.D. Good|eit, B.L. Riley, A. Pasternak, E.R. Berry,
K.A. Pflock, S. Chu, C. Reed, K. Tyndall, P.B. Agrawal, A.H. Beggs, P.E. Grant,
D.K. Urion, R.O. Snyder, 5.E. Waisbren, A. Poduri, P.). Park, A. Patterson, A. Biffi,
).R. Mazzulli, ©. Bodamer, C.B. Berde, and TW. Yu

30M patients in U.S.

7000 distinct conditions (globalgenes.org)
Sequencing

Early Childhood or Adolescence w/ Rapid
Acceleration of Symptoms
(Age 3 symptoms —~Age 6 blindness,
seizures, Batten Disease etc)

Need to
Know Prior
to Birth?
—Prenatal

Inaccessible/Unknown
Organs of Origin?
—Rare Circulating Cells

Readily Accessible
and Abundant Cells

>

MiCareo

MiCareo




Cord Blood: Lots of fnRBCs + FISH

DAPI CD71 Fetal HbF CD45 Bright field

1 G N .

Maternal Peripheral Blood (8mL): 2 fnRBCs
DAPI CD71 HbF CD45 BF

Overlay FISH

Overlay
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The COVID-19 Pandemic and the $16 Trillion Virus - David

Cutler and Lawrence Summers

e David Cutler | ) Lawrence H. Summers
. Otto Eckstein Professor of Applied X ‘; Charles W. Eliot University Professor
| Economics, FAS 4 '

October 12, 2020




Real GDP Levels, Taiwan vs Peer Groups
(Index, 2019=100)

@ AAA-rated sovereign median @ AA-rated sovereign median @ Taiwan
@ Global median
112
®

110 /

108

Rr T {E % a2

I

R

102 e ///

\
3

Index of Real GDP (2019=100)

%8 N // .
i N
N

2049 2020 2021 2022
Note: Forecasts from FitchMarch 2021 Sovereign Data Comparator; Global median is

for all Fitch-rated sovereigns
Source: Fitch Ratings



PRBCTE 5 SR = R

1 BioNTech — 20084F-fi%. 3. ( Market cap > 20B)

0 Moderna — 20104 5% \Z.( Market cap > 40B)

1 Oxford University = Ebola/MERS (20144
— Disease X (20194F)

7
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5 - -



Moderna Ti{E B |5 B 5% ik L ie

USD,8/27/2021

Name Market Cap
Novartis 205B
Merck 193B
AstraZeneca 181B
Moderna 1548
Bristol-Myers Squibb 1478B
Sanofi 130B
Amgen 126B

Moderna B BIITH{E154B (4.3Jk & %),
IREEMAELRILERBEFEE(TELKE)

LA e - 1A N =
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Industry = T3£17?

Industrial Development Bureau

FETEED T2E R

'\9 Tourism Industry
Y Health care industry



The State of Healthcare Industry —
Statistics for 2021

A

N By Smiljanic Stasha
Last modified: August 6, 2021

US largest employer

World largest and fastest growing sector
\ %




Fauci Wants to Make Vaccines for the
Next Pandemic Before It Hits

If funded, a government program costing several billion dollars
could develop “prototype” vaccines to protect against 20 families
of viruses.

Dr. Anthony Fauci, director of the National Institute of Allergy and Infectious Diseases,
spoke during a Senate hearing on Tuesday. Stefani Reynolds for The New York Times

The New York Times
2021.7.25
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https://www.nytimes.com/2021/07/25/health/fauci-prototype-vaccines.html
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Teladoc, Livongo finalize $18.5B merger

The two companies finalized their merger on Friday, with Livongo
becoming a subsidiary of Teladoc. Shareholders overwhelmingly
approved the deal on Thursdav.

By ELISE REUTER

@ Post a comment/ Oct 30, 2020 at 2:39 PM .
L Livongo’
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1) Liquid biopsy is the key to precision medicine

2) Rare cells are important component of liquid biopsy, which include
CTCs, rare immune cells, and circulating fetal cells.

3) MiCareo (EZEMTRES) is one-of-the best platforms for detecting
and isolating rare cells, which is developed in Taiwan.

4) Scientist need "industry" to develop "Innovative Scientific ideas"
into commercializable products in order to save lives.





