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Overview



Essay: The Evolving War on Cancer Cell 2011;145:19-24

Matching Each Cancer with Individually Targeted Therapy



Three categories of 
targetable genetic alterations

J Pathol Transl Med. 2017; 51(3):242-254.





Integrative Pathologic Diagnosis

Korean journal of pathology 2013;47:100-6.



Sample types

• Tissue biopsy or resection: formalin-fixed 
paraffin-embedded (FFPE)

• Cytology: Aspirates, Washing, Fluid

• Liquid biopsy: Plasma



Biomarkers

• DNA
– SNVs & Indels
– Translocations/Fusions
– Amplification/Copy number gains

• RNA
– Fusion transcript
– Splicing variants
– Expression

• Protein
– Overexpression
– Aberrant expression



Methods

Mutations Gene fusions Amplifications

DNA
Direct sequencing
PCR-based method

NGS

FISH
NGS

FISH
qPCR
NGS

RNA
RT-PCR (fusion 

transcript)
NGS

Real time PCR 
(mRNA 

overexpression)

Protein
IHC (Mutation-

specific Ab)
IHC (protein 
expression)

IHC (protein
overexpression)



Biomarkers + Methods

Methods

EGFR mutations

Direct sequencing
Pyrosequencing

PCR-based method (PNA clamping, cobas)
PANA Mutyper

ALK or ROS1
rearrangements

Break apart FISH
Immunohistochemistry 

RT-PCR
Ventana ALK (D5F3) CDx Assay

Panel testing
Next generation sequencing

(targeted DNA sequencing / RNA sequencing)

PD-L1 expression
PD-L1 IHC 22C3 pharmDx

VENTANA PD-L1 (SP263) Assay



EGFR mutation testing



Nat Rev Cancer. 2007; 7: 169-81.

EGFR Mutations



EGFR Mutation Testing

LOD, limit of detection.*This list is not comprehensive and only a selection of all available methods are listed.

†Eg, TruSight tumor sequencing panel, Illumina: GeneRead panels, Qiagen: Ion AmpliSeq cancer panels, Life Technologies.

1. Nagai Y, et al. Cancer Res. 2005;65:7276–7282. 2. Yatabe Y, et al. J Mol Diag. 2006;8:335–341. 3. Naoki K, et al. Int J Clin Oncol. 2011;16:335–344. 4. Molina-Vila, M et al. J Thorac O
ncol. 2008;3:1224–1235. 5. Dufort S, et al. J Exp Clin Cancer Res. 2011;30:57.

COMMERCIALLY AVAILABLE KITS* LDTS*

Allele-specific 
PCR kits (eg,

therascreen® –
QIAGEN, cobas –
Roche, AmoyDx 

EGFR Kit)

PNAClampTM

EGFR Mutation 
Detection Kit 
(Panagene)

EGFR Pyro Kit 
(QIAGEN)

PNA-LNA Clamp1 Cycleave2 Invader3

Fragment analysis (deletions 
and insertions only)4

Pyrosequencing5
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DNA sequencing

NGS panels†
NGS

Allele-specific PCR



PNA-mediated Real-Time PCR Clamping 
(PNAClamp)



PANAMutyperTM



ALK or ROS1 rearrangement 
testing



Variants of ALK fusions

Eur J Cancer 2010;46:1773-1780



Vysis ALK Break Apart 
FISH Probe Kit



ALK FISH criteria



ALK IHC kit



ROS1 IHC / FISH

Cha YJ, et al. PLoS One 2014;9:e103333.



IHC screening

Cha YJ, et al. PLoS One 2014;9:e103333.



Korean Guidelines

Molecular testing of lung cancers

J Pathol Transl Med. 2017; 51(3):242-254.





NGS cancer panel testing



보건복지부 고시 제2017-15호, 25호

시설

1) 「생명윤리 및 안전에 관한 법률」 제49조에 따른 유전자검사 기관으

로 신고된 요양기관이면서,

2) 한국유전자검사평가원의 “유전자검사 정확도 평가”를 3회 이상 받

은 이력이 있고, 승인신청 직전 평가 결과 ‘A'등급(우수)인 기관

인력

1) 전문의 자격 취득 후 5년 이상의 경험이 있는 병리과 또는 진단검사

의학과 전문의 1인 이상 상근하고, 

2) 검사 실시인력(임상병리사) 1인 이상이 상근해야 함.

장비

1) 식품의약품안전처장(‘이하 식약처’) 허가 또는 신고를 받은 ‘차세대

염기서열분석장비’를 사용하거나,

2)「식약처 NGS 임상검사실 인증」요양기관의 경우에는 식약처 허가

또는 신고를 받지 않은 ‘유전자서열검사장비’ 사용을 인정

*시설, 인력, 장비, 유전자패널에 대한 요건을 충족하여 사전에 승인



고형암 급여 대상
질환

위암, 폐암, 대장암, 유방암, 난소암, 흑색종, 위장관 기질종
양, 뇌척수의 악성종양, 소아신경모세포종, 원발불명암

필수 유전자
HER2, EGFR, ALK, KRAS, NRAS, BRAF, BRCA1, BRCA2, KIT,
PDGFRA, IDH1, IDH2, MYC(C-myc), N-myc(MYCN)

수가 산정 방법

LevelⅠ : 유전자수 5~50개 이거나 유전자 길이 150kb 이하
인 경우
LevelⅡ : 유전자수 51개이상 이거나 유전자 길이 150kb 초
과한 경우

인정횟수
진단시 1회 인정을 원칙으로 함. 다만, 재발 및 치료불응 시
에 한하여 추가 1회를 인정함

동의서

보건복지부 고시 제 2017-25호에 의하면 NGS 검사 처방시
“인체유래물 기증동의서”를 받도록 권고하고 있습니다. 작
성된 동의서는 EMR에 등록하여 주시고 사본 1부를 환자에
게 제공하시기 바랍니다.

보건복지부 고시내용: 고형암
*NGS기반 유전자 패널 검사는 현재 ‘조건부 선별급여’





Clinical NGS

• Clinical NGS: Wet lab + Dry lab



Things to consider in NGS testing

• Platform

• Panel type
– Custom panel

– Commercially available panel

• Panel scope
– Genes / Exons / Hot spots

– Types of genetic alterations
• SNVs, Indels

• Fusions 

• Amplifications (copy number gains)



Target Enrichment

• Clinical targeted sequencing is focused on a 
particular gene or set of genes

• Targeted sequence enrichment methods

– Hybridization-capture

– PCR-based (Amplicon)



Hybridization-capture vs. PCR-based

J Mol Diagn. 2017; 19(3):341-365



Hybridization PCR-based

Pros • High scalability (can target full 

exomes to small gene panels)

• Allows for translocation and copy 

number variant detection

• More uniform coverage

• Can track duplicate reads

Rapid, high on-target 

efficiency

Cons • Lower on-target efficiency (needs 

more input DNA)

• Hybridization can be slow (1-2 

days)

Can’t track duplicate 

reads, PCR conditions 

largely influence 

effectiveness

Hybridization-capture vs. PCR-based capture



NGS Data files

J Mol Diagn. 2017; 19(3):417-426.



Reporting 가이드라인



Evidence-based variant categorization

J Mol Diagn. 2017;19: 4-23.



• OncoKB:
Levels of 
evidence



Korean Guidelines



Liquid biopsy



Origins and range of alterations in 
cell-free DNA 



Applications of ctDNA analysis 

*ctDNA: circulating tumor DNA



Comparison and utility of technology platforms for ctDNA analysis 

Nat Rev Cancer. 2017;17: 223-238



Summary

• Molecular diagnostics for precision therapeutics 

have become the standard of care in the 

management of lung cancer patients 

• As a result, molecular diagnostic technology is 

rapidly evolving to provide integrated and 

sensitive detection.


