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Molecular Diagnosis in Lung Cancer

The advent of epidermal growth factor receptor-tyrosine kinase inhibitors
(EGFR-TKIs) such as gefitinib and erlotinib has opened a new horizon for
the therapeutic options for patients with advanced lung cancer. Treatment
paradigms are shifting from cytotoxic chemotherapies to molecular-based
targeted therapies. The discovery of somatic mutations in the exons 18 to
21 of the tyrosine kinase (TK) domain of EGFR has revolutionized the
understanding of EGFR in lung carcinogenesis and this has opened a new
era for the importance of predictive biomarkers to select the treatment of
choice and for personalized therapy for lung cancer. Three important EGFR
assays are used and these include mutational analysis, fluorescence in situ
hybridization and immunohistochemistry. EGFR mutation study seems to be
the most important biomarker to predict the response to EGFR-TKI, yet
technical standardization for analyzing the status of EGFR mutation is the key
factor. Therefore, it is important to standardize the approach and decide which
assays are best to predict a patient’s response to targeted therapies. It is
also essential to determine the most cost-effective way to integrate EGFR
molecular assays into clinical practice. This review will address the practical
aspects of each of the currently proposed assays that have focused on EFGR
mutational analysis and also the other important molecular markers such as
k-ras mutation, the EML4-ALK fusion oncogene, ERCC1 and RRM1. (J Lung
Cancer 2010;9(1):9 —14)

Key Words: Molecular diagnosis, Lung neoplasms, EGFR genes

YRR gefitinibS Aok A2 A siiegle
M = W 317} o] Fol A 2 9l AAo]rh(1-4). EEf»;P EGFR =419
o] exon 19 delo|t} exon 21 L858R¥} -2 wI7HA EiH
Epidermal growth factor receptor (EGFR)= A8l o] o]&]ol T790MI} 22 WA EodH 017} EANglo] o
small-molecule inhibitor@l  gefitinib (Tressa™)}  erlotinib A A ¥E EGFR & o] ZAAE vl4AZd el oA+
(Tarceva™)9} 7+ EGFR tyrosine kinase inhibitors (EGFR- o] glojA HFHal AA W o g z2d Ao g o4ds
TKIs)7b Sl /el == A A9k, 53] vl LAl Z ol A 3L 9l
B DA bomis) T2490] AFH AT BOR ERUILEE oA s Feol 44 3
sl aL o] = &ubksl F719d F(translational research)& %1 Q3 BAF A4 2o 7 Y5E 2 Q) A B &
Al71E A717F # ek, 27]0ll= EGFR-TKIC| 23t 34 A4 kel oF 20~30%0l A WA kA 4R kras F
= REs ‘LEHOJW o] A, BlFdAt, Ak, U 53 2 Hole B3l o35 o5 F e AR 4HA de
o Q44 242 /41 EGERTKIS Adsihrh, BGFR % ohueh EGFRTKIS] vl S4 elZel42 dhia glo]
FZ A} exon 18~219] tyrosine kinase domain®l] &< 0|7} Al kras Eo3wio]7} okAol 79 EGFR-TKIo| gt %] &

Kye Young Lee, M.D., Ph.D.

Department of Internal Medicine,
Konkuk University School of Medi-
cine, Seoul, Korea

Received: June 8, 2010
Accepted: June 24, 2010

Address for correspondence
Kye Young Lee, M.D., Ph.D.
Department of Internal Medicine,
Konkuk University School of Medi-
cine, 4-12, Hwayang-dong, Gwangjin-
gu, Seoul 143-729, Korea

Tel: 82-2-2030-7521

Fax: 82-2-2030-7748

E-mail: kyleemd@kuh.ac.kr

TREHA Z A7 @A s, olF ofE] e 3¢ It Qe Aoz dHA UkS). vt kras EiH o]
A& Foto] EGFR &4 o]7} EGFR-TKIS| 435 Aol Aok 22l elugtlld e o 6~7%2] HIEE

=
oAlZ% g v 7H F23 Aol we %o EGFR WA Wl E7b o2 Holu o] f]of 2] EML4-ALK S} 2
o] FA SAloA = 11Xl g J|Ee] ettt fusion oncogene®] H]F

dA e

A Algg Aol A 1A s

Hl‘l

Hrl



10 J Lung Cancer 2010;9(1):9-14

SolF <l ALK AAel] gk X & yhg-o] Frka deA]
ofof] that A7} 3 Bt & Ao oAiEa gle

©), TEH AA ¥ Hzggsztey s Adste o]
4] excision repair cross-complementation group 1 (ERCC1)3}t
ribonucleotide reductase messenger 1 (RRM1)3} 722 DNA 5
A Az W] cisplating 7|REe 2 b= 3Feb3tet e
WA Foll o3 gk mHvhe AT Aol oA sl
ERCC13} RRM18] W& 5 ZAsto] o] & 7Hke & 3hqhef
AE Adste e AEEe] AAE A7), Hhd =gkl A
EGFR-TKI 9]0l 94 37} A&% 2 X ZAZA anti-
vascular endothelial growth factor (VEGF) monoclonal anti-
bodyQ] bevacizumab (Avastin®)o] 9=d]| o]ol] t]AE o}
A oz Q57 EALTEY EARL gl o)

th®).

“

<

EGFR Assays

EGFR #|tell 9lofA 7Hd o3 AARIAEA 1)
EGFR 749 24, 2) EGFR $474¢ %% (ampli
fication; gene copy number increase), 3) EGFR %12} =i
o] 5 37kA 71Aell 2zl ARt Tee Felshe e
2 dHA glen o5 77t v o 27| 313 (immunohis-
tochemistry), fluorescence in situ hybridization (FISH), PCR<
o] &3k Fadlo] 4 Foll ol assayd = AUrhO). ol 3t
EGEFR assay ollA 7} 23k 1S EGFR & o] £4
02 A, T IPASS study S 2 ofF AT Aol
EGFR F¢lwlo]7h EGFR-TKIC g Rbg&2 oS53
A b F2 Aol e ARAZA 4
3}3F 9 WX § A Hr} progression free survival (PFS)&
A 7M. ek G AR glek10). whEkA] o
T7kell A= EGFR &3t o] oA ZhAtellA] gefitinibE <l
571 A Arstlom S-Elvelel| A= &3l Qtell EGFR
Adwo] ¥4 FHAellA = 1Xr e X EARE gefitinibE A&
g T s AR diska gk ol 3k miA oA A
EGFR E<iviolof] gk A o] FAI7F dFs 2 o=
ol RIZETF Ea3, Ak, Aul g9 A4S 2= EGFR

SHRG)

o IHEe] EE3E 8 w2 k9] 72

fus

A=

w oxt Hz lo

]
oz 3l
1) EGFR mutations

EGFR Eol8io]&= EGFR 479 TK domain (exon 18~
210l ofle] flo] EAfsl=dl AAN7HA 25001 7}A] o] 4]
Eqddol7t Hasla At o] FollA] I FoAel

deZl Fdwol= 100E A ¥ QlekFig. 1) (11-13).
EGFR &%Hol= 7174 (sensitizing) Eeiole} WA
(resistant) FAH o] 2 T =] =6 exon 192] deletion¥} exon
219] L858R point mutation®] 7}3 F Q3 WI7HA] Fdw o]
24 oF 85~90%%5 AAshAL Q3L exon 19 del EdH o] 7}
TKION th3k RIZHA o] o] £ 2o 4vix dck14). v
exon 209] T790M A EiHol= 7b4 Fodt U4 4
o]|2A4 25 YA 3212l 50% o] Aol WAL= AoE
G A ork(1s), WA ZHAfA &) Al 22 7 A(rebiopsy)
7} o] ¥ ol fE ol A= T3t A A5 e
g Aot}

EGFR EoHol & HAAY + v £4 W2 Z & direct
sequencing®| X W o7 dEHA U3 Az g &
g A5EL o Wl o3t Adso|vk. 2 direct

TG

o M

O+

55T
sequencing ¥ W7+ =7} "ol A mutant DNAZ} #] 4=
20% o349 FEE5 FAF A= 2E H4 DNA 9
g A FHE A7) Hslo] z2Fol|A] FFAIES] Al
4] E (cellularity)©] 40% o] & ] olof 3w A3t 74
5 YA GAE=Z o ek laser capturer’} Z 2 5}ch(16).
A AT A 33k W WAl A direct sequencing
W s Hekslr] flsle] pyrosequencing WS
©]-&-3F EGFR mutation 45 Ale¥sla e 443 o=
EGFR-TKI®}9] 4557} =31 EGFR A& E9] dWIE7} =
= TS Ho|a glof ofof ti3t A5 E 4 Foll i
(data not shown). IPASS study©l| 4]+ scorpion ¥} & o]
PJEd 2 R Es} wl$ =0} 1%2] mutant DNARF o] =
G4 HEe& Hole Ao 4 ot HHA Sudol
QoA FAAEES Hola 9Jth9,17). < peptide nucleic
acid (PNA)E- o]-8-8F ¥, & PNA-directed PCR clamping©]
2k o] JtEo] 5 Wby glow o] WS o] &3
A7} oju| Kl vk 9lrk(18,19). PNA thek A 4tkol]
et 713 94 Ss5dE 3 7199 (5 PANAGENE
o] 7FA| 3L 9lof A = 7utEl PNA-mediated PCR clamping
for EGFR detection kitZ ©]-&3F 7= 219 EAld|obed -
35 FALE Y FolojA =iz 2 AnE U
U Ao g Azt o5 W s At

b direct sequencingS I o] A7 w17k
I Azke] & Adlke AellA FAI7E e
sequencing®] RIZHE ZFw 3} v|&4 FwellA] ¢
2 k=t Scorpion W o] o7l o] F2bE 1]
A (stability) ZHollA] FzA g FAE 714
22 EA7} 210 A PNA-mediaed PCR clamping ¥
B3 o8 o BR ofof] gt itk A A 2

d

L

K
30

O+



Molecular Diagnosis in Lung Cancer 11

EGF binding EGF binding TM Tyrosine kinase Autophosphorylation
I I I I I I I |
Exon 2 5 7 13 16 17 i 18~21 I 22~24 28
Mutations associated Pt Y
with drug resistance e T790M (50%) Tl
/,// D770_N771 (ins NPG) \\\
e D770_N771 (ins SVQ) AN
T D770_N771 (ins G), N771T S~
P V769L Y
I D761Y S768| T
! 1
F QR (<1%) % o (5%) QI 2
'© ~ N~ ~ N~ © o |
Exon 18 Exon 19 Exon 20 Exon 21
(nucleotide-binding loop) (activation loop)
G719C AE746-A750 V765A L858R (40~45%)
G719S AE746-T751 T783A N826S
GT719A AET746-A750 (ins RP) (<1%) A839T
VB89IM AE746-T751 (ins Al) 5883163
R BEST () G863D
S AE746-S752 (ins A/V)
AL747-E749 (A750P) (40~45%)
(5%) AL747-A750 (ins P)
AL747-T751
AL747-T751 (ins P/S)
AL747-S752

Mutations associated
with drug sensitivity

AL747-752 (E746V)
AL747-752 (P7538S)
AL747-S752 (ins Q)
AL747-P753
AL747-P753 (ins S)
AST752-1759

(45%)

Fig. 1. Epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs)-sensitizing mutations in non small cell lung cancer.
Adapted from Sharma SV, Bell DW, Settleman J, Haber DA. Epidermal growth factor receptor mutations in lung cancer (Adapted

from Sharma SV, et al. Nat Rev Cancer 2007;7:169-181) (11).

Table 1. Technical Comparisons among the Methods to
Analyze Epidermal Growth Factor Receptor Mutations

Technology PNAClamp Scorpion  Sequencing
Detection limit <1% <1% 25~30%
Sensitivity 100% 100% 70~75%
Amplicon size ~150 bp ~100 bp 200 bp
Procedure time <3 h <3 h 11 h
Complexity Low Low High
Stability High Low —
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