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Pathology is the study of the 
causes and effects of disease or 
injury - Clinical Use

Diagnosis-Treatment-Prevention
Biomarkers 
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Laboratory medicine
Clinical Pathologists

Anatomical Pathologist



醫學實驗室 (Medical laboratory)

Clinical Laboratory: a laboratory where tests are carried out on 
clinical specimens to obtain information about the health of a 
patient to aid in diagnosis, treatment, and prevention of disease.

Types

Hospital/Medical center: comprehensive tests

Clinics/Nursing home/Long-term care…: basic tests

Commercial Lab: independent; providing test that is 
otherwise not provided in other settings due to low test 
volume or complexity
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Pharmacogenetics 
History
• 510B.C

• When Pythagoras noted that 
ingestion of fava beans resulted 
in a potentially fatal reaction in 
some, but not all, individuals

• A connection between fava 
bean ingestion and hemolytic 
anemia: a blood disorder that 
causes weakness and fatigue. 

• This connection worried him so 
much that he forbade his 
followers from ever eating the 
Vicia faba. He declared the 
sacredness of the bean, 
admonishing those who dared 
to consider eating it.



N Engl J Med 2018; 378:60-71



• Drug metabolism (pharmacokinetics)

• Efficacy (pharmacodynamics)

• Toxicity

ADME: absorption, distribution, metabolism and excretion



Nature Reviews Genetics volume 24, pages350–362 (2023)

Drug safety - Immune Related

Toxicity
還有很多是來自
免疫系統的影響

https://www.nature.com/nrg


•Precision 
Medicine



正確有效的用藥(檢測)…

…以減少不必要的資源浪費

…以減少不必要的傷害/副作用

• Precision Medicine / Right Drug (test) for the Right Patient



To deliver the Right drug to the Right person 
at the Right dose

正確有效的用藥…
需要好用的Biomarkers





COMPANION VS COMPLEMENTARY DIAGNOSTICS1

Companion Diagnostic

▪ Medical device, often an in vitro diagnostic, which:
▪ Provides information that is essential for the safe and effective use of a 

corresponding drug or biological product

▪ Can help identify patients in whom benefits from a particular therapeutic product 
outweighs any potential side effects or risks2

Complementary Diagnostic

▪ Type of in vitro diagnostic that can lend information about the 
risk/benefit of a drug
▪ Biomarker is NOT a prerequisite for receiving the drug 

▪ May inform on enhanced benefit in a subpopulation of patients (even when 
therapeutic benefit has been shown in all populations)
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1. Scheerens H. Clin Transl Sci. 2017; 10(2): 84–92. 2. US FDA. Companion Diagnostics. [website].
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US FDA, FFDCA…

安全及有效

CMS, CLIA 88

正確及可靠

製造商
manufacturer
我來管，醫學
實驗室那邊就
靠你了…

醫學實驗室
medical 

laboratory
就交給我了…

Accurate and ReliableSafe and Effective



I am using my 
discretion to 

declare that I am 
leaving the medical 

laboratory LDT 
alone...

FDA

Clinical Laboratory



這個是法律，在美國的醫學實驗室
都需要 CLIA 認證

CMS: 依據法律 CLIA
付錢的人最大，要求檢驗品質
每兩年 review (認證)一次

我不管你用的是IVD
還是 LDT?…我要確
保一定水準的品質



LDTS

In Vitro Diagnostic Device
The manufacturer is responsible for manufacturing and validating 
Approved for marketing by government agencies (such as (T)FDA)

Laboratory Developed Test

Laboratories are responsible for their 
own validation

I think that's 
a brush... not 

a broom

Ministry of Magic 
Inspection and 
Registration -
Nimbus 2000



以德國的醫學實驗室為例

用IVD，實驗室
要負責查證

Verification

用LDT，實
驗室要負責

確證
Validation



NGS

Different Methods of Assessing Pharmacogenetic Variants

Extraction of DNA from patient sample

RT-PCR
Sanger

Sequencing
MALDI-TOF

PyroSequencing

• Cost-effective
• Short turnaround time
• Familiar lab work flow
• Distributable test kits/widely available
• Easy implementation for clinical 

diagnostics
• Lower sample input

• Can only detect a limited set of variants

• Analyzes multiple genes in a single assay
• Detects virtually all types of genomic DNA 

alterations, including single nucleotide variants, 
insertions and deletions, copy number changes, and 
chromosomal aberrations 

• Enable identification of rare variants 

• Relatively expensive for sequencing low number of 
targets

• Relatively time-consuming

NGS, Next-Generation Sequencing; PCR, Polymerase chain reaction; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha.

Genotyping 

Array



Problems 
from 
clinical 
specimen

• The fresh/frozen tissue is the best way to 
get DNA/RNA

• However, clinically, it is not so realistic

• FFPE: most of the clinical tests, real world

Fresh/frozen 
specimen v.s. 

Formalin-fixed 
Paraffin-

embedded (FFPE) 
tissue/cell block

• RNA from the mutated EGFR gene 
expression

Cytology smear 
Blood: good 

DNA/RNA

• over-fixation?

• The efficiency of PCR (cycle, DNA loading 
amount…)

Standard 
operation 

procedure (SOP)



Surgical specimen

Low Sen. test (-); High Sen. test (+) 

Low Sen. test (+); High Sen. test (+) 



Fresh DNA FFPE DNA
(<1yr)

Plasma cfDNAFFPE DNA (>1yr)

Data form Taipei Institute of Pathology

Amplifiability

10ng each (by OD)
PCR product ~180bp
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Summary of Methods



Genotyping Platform Comparison

MassARRAY qPCR NGS (T-Seq) microarray

Best SNP 
Throughput

10-500 1-10 1000-10000 1000-10000

Best Sample
Throughput

8-768/run 1-384/run 8-96/run 24/96/run

TAT 24hr 4hr 48hr 144hr

Cost per Sample Low Low High High

Cost per SNP Low Mid Mid Low

SNP Assay Flexible Flexible Flexible* Fix

Assay Design Fast and Low Cost Fast but high cost Slow and high 
cost

Slow and high 
cost







Next Generation Sequencing



Next Generation Sequencing

Current Generation Sequencing?





























Pathologist

“尼發的報告我不過是有點小意見…

諮詢、抱怨的受理與解決

Clinician



EGFR mutation frequency and 
distribution in Asian and Caucasian 
populations

• Around 50 (40-55)% of 
Asian lung 
adenocarcinoma 
patients.
• Exon 19 deletion: 

around 45 (40-49)% of 
EGFR mutations.

• 50% X 45% = 22.5%
• 每 100 個亞洲肺腺癌
病人中，約 23 人有
EGFR exon 19 deletion 
突變。

ONCOLOGY REPORTS 37: 1347-1358, 2017



EGFR exon 19 deletion subtypes

• Exon 19 deletion: more than 39 subtypes report.

Oncotarget, 2017, Vol. 8, (No. 67), pp: 111246-111257



EGFR mutation test and Exon 19 deletion 
Nucleotide sequence (2230-2262)

No. Amino acid change Base pair change Cases % Cosmic ID Missed*

1 p.E746_A750del(1) c.2235_2249del15 198 45 6223

2 p.E746_T751>KV c.2235_2252>ggt 1 0.2 NA 1

3 p.E746_A750>HS c.2236_2248>ctaa 1 0.2 NA 1

4 p.E746_A750del(3) c.2236_2249del14 3 0.7 NA 3

5 p.E746_A750del(2) c.2236_2250del15 86 19.6 6225

6 p.E746_T750del(4) c.2236_2251>a 1 0.2 NA 1

7 p.E746_T751>FPT c.2236_2251>tttccaa 1 0.2 NA 1

8 p.E746_T751>L c.2236_2252>ct 1 0.2 51502 1

9 p.E746_S752>IP c.2236_2255>atacc 1 0.2 NA 1

10 p.E746_P753>MS c.2236_2257>atgt 1 0.2 NA 1

11 p.E746_P753>MS c.2236_2257>atgtc 1 0.2 NA 1

12 p.E746_T751>A c.2237_2251del15 3 0.7 12678

13 p.E746_T751>APT c.2237_2253>caccaact 1 0.2 NA 1

14 p.E746_T751>VA c.2237_2253>ttgct 3 0.7 12416 3

15 p.E746_S752>V c.2237_2255>t 7 1.6 12384

16 p.E746_P753>VS c.2237_2257>tct 3 0.7 18427 3

17 p.E746_S752>V(2) c.2237_2257>ttc 14 3.2 NA 14

18 p.E746_K754>GG c.2237_2261>tcgg 1 0.2 NA 1

19 p.E746_E749del c.2238_2247del10 2 0.5 NA 2

20 p.E746_E749>P c.2238_2249>gcc 3 0.9 NA 3

21 p.L747_E749del c.2239_2247del9 2 0.5 6218

22 p.L747_A750>P c.2239_2250>cca 15 3.4 133195 16

23 p.L747_T751>P c.2239_2253>cca 5 1.1 51527 4

24 p.L747_T751>N c.2239_2253>aat 1 0.2 51503

25 p.L747_S752>PT c.2239_2254>ccga 1 0.2 NA 1

26 p.L747_P753>NS c.2239_2256>aattcg 1 0.2 NA 1

27 p.L747_S752>PI c.2239_2256>caaata 1 0.2 NA 1

28 p.L747_S752del c.2239_2256del18 6 1.4 6255

29 p.L747_P753>S c.2239_2259>tc 1 0.2 NA 1

30 p.L747_K754del c.2239_2262del24 1 0.2 24970 1

31 p.L747_T751>S c.2240_2251del12 1 0.2 6210

32 p.L747_T751del c.2240_2254del15 19 4.3 12369

33 p.L747_P753>S c.2240_2257del18 37 8.4 12370

34 p.A750_I759>PT c.2248_2276>ccaac 1 0.2 5023004 1

35 p.T751_I759>T c.2253_2275del23 1 0.2 NA 1

36 p.S752_I759del(2) c.2253_2276del24 2 0.5 13556 2

37 p.T751_I759>N c.2252_2276>a 1 0.2 96856 1

38 p.T751_D761>NLY c.2252_2281>atctct 1 0.2 NA 1

39 p.S752_I759del c.2254_2277del24 3 0.7 6255 3

40 untyped 8 1.8

440 72

Open in a separate window

*The subtypes excluded by a popular EGFR mutation detection commercial kit; Blue upper letters represent in Oncotarget, 2017, Vol. 8, (No. 67), pp: 111246-111257

這篇文獻440個 Exon 19 deletion cases 中，才看到一個
exon 19 T751-I759 deletion，屬於罕見突變

而這個突變位點，在我們常用的 ClinVAR資料庫中還查不到。
目前只有這篇文獻報告過一個case，實屬於罕見突變



EGFR mutation test and Exon 19 deletion 
• 現行之IVD KIT，羅氏與 Idylla兩家，偵測範圍中包含 29種 exon 19 

Deletion；Qiagen偵測範圍中包含 18 種 exon 19 Deletion。

• 以上三家 IVD KIT都未包含 exon 19 T751-I759 deletion。

• 參考文獻*在 440個 Exon 19 deletion cases 中，才看到一個 (0.2%) exon 
19 T751-I759 deletion，屬於罕見突變。

• 50% X 45% = 22.5%
• 每 100 個亞洲肺腺癌病人中，約 23 人有 EGFR exon 19 deletion 突變。
• 22.5% X 0.2% = 0.045%，約 1萬個亞洲肺腺癌病人中，才有約5個 exon 19 

T751-I759 deletion。非常罕見。

• 因為 exon 19 T751-I759 deletion為非常罕見的突變，因此通常不會在
PCR-based test 試劑的設計中。除非使用 NGS，否則不可能被發現。

*Oncotarget, 2017, Vol. 8, (No. 67), pp: 111246-111257



EGFR exon 19 deletion subtypes 

• 敝中心使用之現行羅氏IVD kit，有 29
種 exon 19 Del；有IVD mark 及 clinical 
trial，具有臨床意義。其偵測範圍(見
右表)

• Exon 19 T751_I759 del 沒有在羅氏 IVD 
kit 偵測範圍內。

• 查其他 TFDA許可之 IVD kit: QIAGEN (18
種 19Del偵測範圍)，及 Idylla (29種
19Del偵測範圍)，也都沒有T751_I759
del。

• 因為 exon 19 T751-I759 deletion 為非常
罕見的突變，因此通常不會在PCR-
based test 的試劑設計中。

• 罕見突變位點除非使用 NGS，否則不
可能被發現。



EXON 20 insertion 在EGFR突變中非常少，而且過去的EGFR TKI對它的效果也很差，
所以不太被重視



EXON 20 insertion 在EGFR突變中非常少，而且過去的EGFR TKI對它的效果也很差，
所以不太被重視



這位病人NGS結果: Exon 20 : N771_P772insT mutation，都不在這幾個commercial 
IVD試劑的設計中

Qiagen 看三種

國內常用之IVD試劑，Exon 20看的到的突變種類

ROCHE看五種

LRG_304p1:p.(Ala767_Val769dup)

LRG_304p1:p.(Asp770_Asn771insGly)

LRG_304p1:p.(His773dup)

Idylla看五種，與羅氏相同



Exon 20 insertion 再細分下去，每一種突變的比例

這位病人NGS結果: Exon 20 : N771_P772insT mutation，在這張表裡，
是第 9 others，少見的EGFR突變(exon 20)中的罕見核酸序列突變
假設EGFR exon 20佔全部EGFR突變的2%，而這個病人的突變是佔
EGFR exon 20 的3%以下，則這個突變可能佔 EGFR突變的萬分之六
以下，可能佔全部肺腺癌病人的萬分之三以下。



而這個 Exon20 Asn771_Pro772insThr 突變
在常用的資料庫都沒有登錄，真的很罕見



這位病人NGS結果: Exon 20 : 
N771_P772insT mutation，應有機會用針
對Exon 20突變的治療方法





Rare mutation pattern of EGFR L858R

• L858R mutation 有好幾種形式

• c. 2573T>G

• c. 2573_2574delinsGT

• c. 2573_2574delinsGA

•以上幾種較常見

•這位病人結果是

• c. 2572_2573inv (非常罕見)



NGS顯示這位病人結果是
c. 2572_2573inv (非常罕見)



Roche: 顯示您的病人是陰性；因為它只認的出兩種L858R的突變；沒有設計probe 去看這種罕見的 L858R的

Idylla: 顯示這位病人是陰性；它有比羅氏的KIT多設計了一個 L858R的突變型態的probe (三種)；
但是它也沒有設計probe 去看這種罕見的 L858R 的

NGS顯示這位病人結果是
c. 2572_2573inv



https://www.ncbi.nlm.nih.gov/clinvar/variation/376280/?new_evidence=true



https://cancer.sanger.ac.uk/cosmic/mutation/overview?id=23383354

這個 c. 2572_2573inv有多罕見?
COSMIC資料庫只有登錄過兩例肺癌的!





Evidence Level Classification



Standard of care (SOC)?
Off-label Use
Clinical trial Molecular Tumor Board

你能不能就只
是簡單地告訴
我，這個藥物
是要給?還是不

給?…

實驗室(病理醫師)+ 分子生物+ 臨床腫瘤學專家的專業技術知識

Molecular Tumor Board



Molecular Tumor Board: Aims

• The aim of MTBs is to identify and discuss all potential therapeutic strategies, 
based on genetic analysis, for patients who are not responding to standard-
of-care systemic therapies

• MTB recommendations should be derived from a multidisciplinary discussion, 
including not only specific molecular alterations but all features concerning 
the patient (e.g., performance status, comorbidities)

Trends in Cancer, September 2020, Vol. 6, No. 9 



Multidisciplinary team 

(MDT)

Clinical decision making entities are evolving as comprehensive genomic profiling 
capabilities & expertise mature

High Level Description
Used to discuss treatment decisions 

but without incorporating CGP results

Used to discuss treatment decisions 

incorporating CGP results
In this story (2004)

Oncologist

Radiologist  (nuclear medicine)

Pathologist

Surgeon

Clinical Trial Coordinator  (the patient’s surgeon)

Clinical Geneticist  (the pathologist)

Molecular Biologist / 

Genomicist
 (the pathologist)

Bioinformaticist  (the pathologist)

Genomic expertise required None High  (the pathologist)

Social worker/financial  (找人抖內)

Molecular tumor board 

(MTB)

Other types of expertise may also be involved in focused genomic analysis and molecular tumor boards, e.g. structural biologists

Multidisciplinary team 

(MDT)



醫療機構的責任-提供病人有效安全的檢查

特定醫療技術檢查檢驗醫療儀器施行或使用管理辦法(特管辦法)

For tests to be 
used clinically, 
evidence must 
be provided to 
illustrate the 
clinical value.

I just won the 
Biotechnology 

Innovation 
Award...isn't 

it good 
enough?



Where is your 
Clinical Utility?

醫事司

醫事司 Premarket Approval 行政審查:
人員資格(23個學會，專科醫師)+認證項目(5認證機構)+臨床用途(及費用)…
食藥署:接受多元認證系統 (analytical validation/clinical validation)

High-risk(?) 
LDTs…

特管法審查 Clinical Utility



LDT

剛上路的LDT

我國現況與法規
衛生福利部 特管法 110年2月9日上路

精準醫療時代需要新的檢驗工具
新的檢驗工具進步太快需要管理
提供生技產業與醫療體系合作機會

衛生福利部



管理的範圍

儘可能以基因檢測為主的範圍…



病人保護

人員資格

實驗室及項目認證 衛服部
特管法

特定醫療技術檢查檢驗醫療儀器施行或使用管理辦法(特管辦法)



政府已經
公布特管
辦法了…

特定醫療技術檢查檢驗醫療儀器施行或使用管理辦法(特管辦法)

管理範圍、人
員資格、實驗
室認證、臨床
用途與醫療機
構的責任…

施行計畫書內容保護病人 : 適應症，
同意書，收費，實驗室與醫院的合約
(+ SOP，確校報告…)



你各位都是要來申請
特定檢查、檢驗之實
驗室開發檢測的嗎…

醫事司 特管法 申請核准登記

醫事司

醫療機構

生技產業/特定實驗室

境外實驗室



Thanks for your Attention

LDTS

2024/02/09

特管法
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