
由CTCs看精準醫療產業的發展

上騰生技顧問股份公司

張鴻仁 董事長
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1995-1998 防疫處處長
1999-2000 首任疾管局局長 2001-2004 健保局總經理

1989 -1993  藥政處
2005 - 現在 生技創投
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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].
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4124199/#B3
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Circulating Tumor Cells in Blood

Blood 
vessel

Primary tumor

Neutrophil:
50-70%

Eosinophil:
~ 5%

Basophil:
~ 1%

Lymphocyte:
25-35%

Monocypte:
~ 5% Red Blood Cells:

~ 1%

In 1 mL 
of Blood: 

~ 5 Million 
White Blood Cells

~ 5 Billion 
RBCs

大海撈針 (Needle in a haystack)
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(2021)
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CellSearch by Veridex

AutoPrep for 
CTC Enrichment 

CellAnalyzer for 
CTC Identification 

(The only system approved by US FDA for CTC enumeration)  
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(2004)
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(2006)
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(2010)
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Methods and Platforms for CTC Analysis
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 上準的技術優勢

罕見細胞的分析技術

罕見細胞分析技術 特點

依據細胞尺寸或物理特性
Enrichment 設備較簡易，價格較低

需前處理移除紅血球，易造成目標細胞流失  (40-70%)
分離出的細胞純度低，需進一步螢光染色鑒定是否為目標細胞

直接細胞影像掃描鑑定法 (EPIC) 直接進行目標細胞鑑定，已分析檢體可留存
需前處理移除紅血球，易造成目標細胞流失  (40-70%)

磁珠分選法
可進行全血分析，Enrichment 儀器價格較便宜

細胞具有重量，即使磁珠貼附也不一定能回收細胞
需另用螢光顯微系統進行鑑定，增加額外成本

微流體晶片免疫捕抓法  (魔鬼沾
，On-Q-iety CTC Chip)

靈敏度較高，可能可直接使用全血
純度及專一性中等

生物標誌選擇彈性低，且難同時進行 multiple biomarker捕抓

螢光分選法  (流式細胞儀)
可進行 multiple biomarker 分選
使用全血偵測非常耗時效率不佳

前處理又會導致罕見細胞流失，用於罕見細胞靈敏度低

螢光分選+尺寸篩選+自動影像鑒定 上準微流體(MiCareo)獨有整合技術

罕見細胞的分析技術
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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.

We label the 
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)
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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
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We begin with whole blood 
and label the target cells

This ensures minimal sample 
loss.

A single tube of blood 
contains billions of cells.

Two stages of eDAR 
sorting 

for excellent cell purity.

MiCareo Technology: Cell Retrieval from Billion to One

First stage
for initial enrichment

Second stage
for single cell 
purification

1616

Collect in Vial
A vial of 150 μL volume 

with high purity of 
target cells.

Mutation analysis
By NGS or Q-PCR11
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Both cellular and cell-free plasma analysis can be performed 
with a single tube of blood.  

Plasma

White Cells
Red Cells

Cell-Free Genetic Mutation Analysis

Rare cell enumeration

● CTCs
● Immune Cells
● EPCs
● Stem Cells

Liquid Biopsy Analysis from Blood

Rare cell retrieval

♥ CTCs
♥ Immune Cells
♥ Nucleated RBC
♥ Trophoblasts

Genetic analysis

Cell Culture

Tumor-Immune cell 
interaction

Cell and biomarker 
characterization

11
0年

度TA
OG

年會專用



18

Professor Daniel T. Chiu (邱德雲教授)
University of Washington, Seattle

Postdoctoral research Harvard University, 1999

Ph.D. Stanford University, 1998

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

2011年
11
0年

度TA
OG

年會專用



19

MiSelect R Open System 2012

Engineer model-2015
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Superb Detection Performance

■ 於8 毫升健康捐贈者全血中分別外添加 0顆(N=28)或1-3顆(N=80)癌細胞進行檢測，PPA: 98.8%，NPA: 100%

■ 在 8 毫升全血中，即使只有 1顆罕見細胞也能精準偵測；相當於在全世界的 5倍人口中找到一個人 !

■ 在 8 毫升全血中，1 到 512 顆癌細胞皆可精準定量

20

Reportable Range: 1-512 cells* in 8mL whole blood

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

檢測準確度PPA、NPA之結果

CTC enumeration LoD = 1 cell 　 　

　 Positive Negative Total

Test positive 79 0 79

Test negative 1 28 29

Total 80 28 108

　 　

　 Number tested Agreement 95% Confidence Interval

PPA  80 98.8% (93.2%, 100%)

NPA  28 100.0% (87.7%, 100%)

陽性檢體 (N=80)為外添加1顆(N = 50)或2顆 (N = 9)或3顆細胞  (N = 21)至健康捐贈者全血之檢測
陰性檢體 (N=28)為28個未外添加細胞之健康捐贈者全血檢體檢測

*PPA – Positive Percent Agreement 　

*NPA – Negative Percent Agreement 　 　
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2012年 首度發表

兩階段分離細胞 (2019)
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與陽明大學/台北榮總合作(2018)
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與中研院合作(2021)
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HER2 Status Identified by CTCs are Highly Concordant with 
IHC Test Results

B. Compared to IHC Results 

▪ HER2 positive is defined as >10% HER2(3+) of total CTCs.

▪ One patient (Pt#9) is identified as HER2 positive. 

                     
HER2 (Pos) HER2 (Neg)

HER2 (Pos) 1/9 0/9

HER2 (Neg) 0/9 8/9

Sensitivity 100% -

Specificity - 100%

IHC Test 

MiSelect R

mBC study

A. HER2 Status Identification of Isolated CTCs in mBC Patients

CTC#1: HER2 (0)

CTC#2: HER2 (3+)

HER2 (3+) >10% 
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CTC as Prognostic Marker and Can Reveal Early 

Recurrence in CRC

ClinicalTrials.gov Identifier: NCT03013868  Manuscript in preparation 

■ CTC analysis before surgery as 
good prognostic marker

■ Treatment monitoring using PD-L1(+) CTC analysis

■ PD-L1(+) CTC reveal early recurrence 

(mesenteric vein)
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https://clinicaltrials.gov/ct2/show/NCT03013868


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

Blood Cell
CTC Enrichment by EpCam 
biomarker Cell(s) Mutation Detection

Plasma Gene Mutation DetectionctDNA

　 Detection Sensitivity
CTC 37/56 (66.1%)
ctDNA 24/56 (42.8%)
Combination 45/56 (80.4%)

　 Detection Sensitivity
CTC 23/27 (85.2%)
ctDNA 18/27 (66.7%)
Combination 25/27 (92.6%) 25

Eleni Tzanikou et al. (2019) Mol Oncol. 13(12): 2515-2530.
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Detection of Drug Resistance on CTC before CT Assessment

Before Tagrisso 
treatment

Blood 
drawn

Identified as eligible for 
Tagrisso treatment

ctDNA analysis

After 1 month Blood 
drawn

CTC isolation by 
MiSelect R 

• 8 CTCs were isolated
• 1 CTC was identified to 

have a Tagrisso 
resistant mutant, 
G796D.

After 2 months
CT scan

CT scan confirmed disease progression

NSCLC 
Patient

NSCLC Study

NTU IRB No: 
201802025RIPD
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EGFR Mutation Analysis on CTC Reveals Heterogeneity
NSCLC Study

NTU IRB No: 
201802025RIPD

NSCLC 

Patient

1st and 2nd line TKI 
and Chemo failure

Pleural effusion 
sample drawn No mutations 

detected

Change to 3rd 
line TKI 

Patient discharged after 
four days

CTC isolation by 
MiSelect R 

ctDNA analysis 

75% of the isolated CTCs contain both 
T790M and L858R mutations

T790 L858

L858R

> 100 CTCs 
isolated

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

Profiling Tumor-Related Rare Immune Cell for Immunotherapy
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 優於流式細胞儀的偵測靈敏度

CD3(+)PD-1(+) 

T ce
ll 

CD8(+)PD-1(+)
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Subtype of PD-1(+)CD8(+) T 
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+) 
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Average cell number 
detected per 4 mL blood 

Use of Flow Cytometry:
● Analysis of cells with frequency greater than 1/100,000
● 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
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Rare immune cell analysis by MiSelect R and Flow Cytometry
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Number of CD8+PD-1+ Immune Cell Can Predict OS and PFS 
of Immune Therapy

P=0.023

High cell 
number

Low cell 
number

P=0.025

Progression free 
Survival

Median PFS
12.1 months
  3.9 months

High cell 
number

Low cell number

Median OS
15.0 months
  6.3 months

Overall 
Survival

ClinicalTrials.gov Identifier: NCT03434912 Manuscript in preparation

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

■ Patients with high cell number  survive 2-5 times longer than those with low number.
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Potential Uses of MiSelect R in Cell Therapy

2. Enrichment of therapeutic 
cells

from patient blood

4.Quality control of 
therapeutic prep

3. Potency analysis of 
therapeutic cell 

during expansion and 
activation 

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

1. Immune cell profiling of 
patients  
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極高的精確度

可明確區分0顆與1 顆細胞

可同時分析高達 13 種生物標誌物

全自動螢光染色與取像

回收高活性 ，高純度罕見細胞

強而有力的研究工具，接續二代測序等分析

可使用全血上機 無須前處理

5 分鐘手動置備時間，罕見細胞不流失

世界獨創整合系統

自動化影像分析，可定量，高再現性

快速高效率，3小時內完成全程檢測

MiSelect R II
自動化細胞分析及分選微流體影像平台
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上準精準醫療檢測實驗室 (LDTs)
檢測名稱 分析標的 用途 技術項目 服務範圍 列冊申請狀態

EGFR常見變異位點
檢測(CTC) 

1. 腫瘤類別:上皮細胞癌
2. 檢體型態: 全血
3. 基因名稱: EGFR

突變位點: E19 deletion, T790M, L858R

全血中之循環腫瘤細胞EGFR
常見變異位點檢測

即時偵測基因擴增
(Real-Time PCR) 

體細胞突變
(Somatic Mutation) 

LDTS列冊
申請中

循環腫瘤細胞數量
檢測

1. 腫瘤類別:上皮細胞癌
2. 檢體型態:全血
3. Biomarker: EpCAM, Cytokeratin, CD45

全血中之循環腫瘤細胞
計數

特定細胞計數
(Specific Cell Counting) 

蛋白質表達量檢測
(Protein Expression Profile Test) LDTS列冊

申請中

帶有特定生物標誌
(HER2,PD-L1)循環腫瘤細胞數量檢

測

1. 腫瘤類別:上皮細胞癌
2. 檢體型態:全血
3. Biomarker: EpCAM, Cytokeratin, HER2, 

PD-L1, CD45

全血中之帶有特定生物標誌循
環腫瘤細胞計數

特定細胞計數
(Specific Cell Counting) 

蛋白質表達量檢測
(Protein Expression Profile Test) 開發完成，LDTS列

冊準備中

循環毒殺T細胞檢測
1. 腫瘤類別:上皮細胞癌
2. 檢體型態:全血
3. Biomarker: CD8,IFN-γ,PD1,TIM3,LAG3

全血中之腫瘤毒殺T細胞計數
特定細胞計數

(Specific Cell Counting) 
蛋白質表達量檢測

(Protein Expression Profile Test) 開發完成，LDTS列
冊準備中

血管前驅內皮細胞數量
檢測

1. 檢體型態:全血
2. Biomarker: CD34,CD133,VEGFR

全血中之血管前驅內皮細胞
計數

特定細胞計數
(Specific Cell Counting) 

蛋白質表達量檢測
(Protein Expression Profile Test) 開發中
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Rare-Cell Diagnostics

Readily Accessible 
and Abundant Cells

Need to 
Know Prior 
to Birth?
→Prenatal

MiCareo

Inaccessible/Unknown 
Organs of Origin?
→Rare Circulating Cells

MiCareo

FACS

• 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) 
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DAPI CD45HbFCD71 OverlayBF

Cord Blood: Lots of fnRBCs + FISH

Maternal Peripheral Blood (8mL): 2 fnRBCs

36

11
0年

度TA
OG

年會專用



智慧醫療值多少錢？

台灣醫藥產業總產值1.5兆
≈台積電

陽明大學  郭旭崧校長

台積電 劉德音董事長
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護國神山 
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護國群山
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October 12, 2020

世紀大疫來襲 誰來護國？
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防疫成功值多少錢？
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拯救西方世界的三支疫苗

�  BioNTech – 2008年成立( Market cap > 20B)

�  Moderna – 2010年成立( Market cap > 40B)

�  Oxford University – Ebola/MERS (2014年)

                                       – Disease X  (2019年)

神速行動 川普花200億美元預訂七支疫
苗
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Moderna市值與國際藥廠比較

Name Market Cap

Novartis 205B

Merck 193B

AstraZeneca 181B

Moderna 154B

Bristol-Myers Squibb 147B

Sanofi 130B

Amgen 126B

USD,8/27/2021

 Moderna 目前市值154B (4.3兆台幣)，

跟台灣所有公司比只輸台積電(市值15兆台幣)

相當於 鴻海+聯發科+台塑化+富邦金
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(精準)醫療︰專業與產業的結合

               
                 

            科學是根本
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Industry =「工業」?

Industrial Development Bureau
經濟部工業局

Tourism Industry 
Health care industry11
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US largest employer

World largest and fastest growing sector
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The New York Times 
2021.7.25

Fauchi 說只要給他「幾十億」美金，他

就可以在下一個病毒來襲前準備好疫

苗！

https://www.nytimes.com/2021/07/25/health/fauci-prototype-vaccines.html 47
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遠距醫療大爆發
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結論

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 (上準微流體) 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.
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