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[ Abstract ] Background and objective Patients with non-small cell lung cancer (NSCLC) harboring mutations of

the epidermal growth factor receptor (EGFR) respond well to EGFR-tyrosine kinase inhibitor therapy. Inmunohistochemistry

(THC) is a simple and widely used technique in clinical pathology laboratories. IHC also features cost effectiveness and rapid

detection of EGFR mutations compared with molecular methods. This study aims to determine the accuracy of IHC for EGFR

mutation detection in NSCLC. Methods Specimens (obtained from surgery or biopsy) from 97 NSCLC cases were stained

through IHC with mutation-specific antibodies. The clinicopathological features of patients with positive immunostaining

results were analyzed. Positive specimens were subjected to liquid chip technology to detect the actual EGFR status. Forty

NSCLC specimens obtained from surgery and confirmed to have EGFR mutations through liquid chip technology were collect-

ed. These specimens were then subjected to IHC analyses with mutation-specific antibodies. The sensitivity of IHC in detect-

ing EGFR mutations was calculated. Results Seventeen of the 97 NSCLC specimens were stained positive, and positive results

were mostly observed in females, patients with adenocarcinoma, and non-smokers. About 76.9% of specimens with positive

THC results harbored mutations. The sensitivity of IHC was 40% among the 40 cases identified as containing EGFR mutations

through liquid chip technology. Conclusion The strong positive immunostaining result is accurate, but the sensitivity of the

method may not be optimal and significantly varies in different studies. The widespread application of IHC in clinics must be
further investigated.

[ Key words ] Lung neoplasms; Epidermal growth factor receptor; Mutation; Immunohistochemistry; Liquid chip

technology
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KL, I 90% M EGFRIE N 548 A7 F19-2140 8 1. 3L
R EAE1951 B T [IE746_A7S0B R IEARAN215M B 1 E 1Y)
L8SSR T SEAL I 5 Ll e %2, Wk oy 28 g R e AR 2,

HETR M EGFRIEEAS (W 715 % %, 2 )& ADNASYF
SIPE 2R RVIUE S NN ST NG ST a3 WA R P L
W) 55 . 3 0 7 VA RERL N T T EGFRR AL, A0 45 AN K
TIRAZ IR FNH BT B A 2 RAL, d 2 i (AR Z DNA
BN, AR R, XTHUM A
BORB R, EORPEARRALE DS 5K T30%, X5
R 4 A 35 1 BR A 37 A I R b A 1 P e S g g
PAXRER I H BT O AN EGFRIEAR, X AR 41 20 WAL 5
TSR, AAE, R ERET B SE I e IR SRR
SN PR SEAR R4 (amplified refractory mutation
system, ARMS) BRSSP RS B o, %
LGP L BRAE N DUACP R SR, SR T AR IR
AT .

20094F, YuZsUVHH1E746 A750del 58 A5 Hii A& FI i
L8S8R i S AL HUAAR I F 2 4 A VE A M A /Nt Ja i (mon-
small cell lung cancer, NSCLC) FRAEGFRIEAY, RIPJE
92%, FrFE99%. BLIG, ANFBETUE PrT i R 2 R
Ko REPEARTTZ24%", ma k100%™, 5 v A
F77%-100%""" . RSB BAS, H ALV Se s 4l
LA I EGFRIE AL IR MERS 1 -

1 MR57%E

L1 FRABERHS L BUOREREBE R 7 BB B 2010 4F
12J1-2012 410 IR RINSCLC (3 T AR V) BR e 21 23 ko
PRAO7H, ARASIUMA B £ R 28 EGER 2 R W 410 i) 771
(tyrosine kinase inhibitor, TKI) 377, AFEAIGKZERIER]
BV . R 63% (344864 ) 5 Hirf,
TIVESOB, L3845l AWM S S48, To I B 45
Bl @30, IR0, KAnEfE7H]; HHE20094F [H
FrpofeE e (Union for International Cancer Control, UICC)
St 2y WIARHEREAT TNM )40, 1912341, 101234, 1Y)
21451, V3041, LIRARAL R EGFRIE AT S VEH AR )
T AT, Gt B EFR A Gk SERE 32 WU I BORAS:
W, BAUEFR AR T IAFAETRAL

TR T R 27 S PBE [5E 201242 ] -20134E9 H 4
VRO CS P iR 56 U 14081 £ AE EGFR 19802151 (.1~ 5848

MFARALE . o4 5206 EGER 1950 ik R 5848
FRAS, S BEGORHIESE 8 0 e s 206/ EGFR 2140 1 58
ARRAS, SR TORMIESE 700 B, 39 R, RFTR
ZEGFR-TKIsiYT . FIRbRAHSZ EGFRIEAR R S It Hifk
Ty A G,

1.2 G AU et DR DL R
B YWIREE WA . B T pH 6.0F7 1 1R £h 2% it
W AP ESEMAEMEARARARD , A&
o, B BB Y KO FAY) 3 minx 2 R BEAT PR AE
52, WA W40 min, FKYI T MIR3%H,0,, =i
NIF 10 ming L AR A5 B 1: 10010 5 — ik [
E746_A750del AL FLIT FE R BTIA (6B6) FNHIL8S8RIEAL
By BERbiik (43B2) ; FE[ECell Signaling Technology
A ], 4 CORFEIER o 115 BRI 1R 28 — Bo ik
bR BB ARA R AR, 4°Cllfi4H30 min-40
min. 7R )OI BT EF G I DABYE 2 (420 min, %
IAREERAMMIL30s, SRR CFEPH K, — R
B, PR R R e BT R .

L3 Geprhlbrut  DUMRE 20 M Mo A (B0 M
HEUE, ARG ZE00) B (0 1) ik B A0 G 4 40 i & 43 LU kAT
PEAL, BENLIEE104 s AL, AR D) o B 4 i
R L KT A LU RIB G 41 0, 1+, 24+, 3+DYANEE
Ko 0: LYOE<10%MR ALYt 1+: 10%-S0%
AN MR A B Gt 242 10%-50% 83 41 i 5k G 5
3+: >50% IR 40 AT SR E B (. LLOSH B, 1+,
24, 3+ N BHAME . ANGE I O R B B B R =
P2 BTy, S5RAI R, NEERTESE
=R AR YK G EilF s St € N

L4 Givh22 077 SRR TR 70 #72010 4712 H-2012 4F
10 HbRAS S AR08 PRI R o0 1. 41U, iy
JE T DL EGFRIEE R A SRR A G R, T E Sk 244y
HTE) K FISPSS 16.01E4T, P<0.0524 2 A7 e it 27 i Lo
P FIR G PR AR A, DOMBRAH A ik 45 RAE <
bRt THE S AT G A 25 R PETAE (positive
predictive value, PPV) . X} T Bl #E/)201242 H-201349
HEA, CLOABIBATS s g R A8 S H bk, 1HE
Yo g2 LHAVE R AR RS8R 1R R AU (sensitivity) o

2 #R

2.1 QRGO A RIS R P E B A g (it oy
bRfE, BRG] T 1006588 B Xt NP5 . 0-3+53 4K

HRERERERERE
www.lungca.org



214 o R 9 A 5 20 1S 4F 4 45 18 45 45 440

Chin J Lung Cancer, April 2015, Vol.18, No.4

R A PAE KPR RL .
2.2 e A0 e €0 B R b A I R I A 9 B AR B Ry
i RAR 97BINSCLCHR A, 1741 G 5 4 Ak G (1 &

RN, L HiE746_A750del ik B 0 [ MR A8
i (8/17, 47.06%) , HLL8SSRPL A YL {h [H 1 br A 945l
(9/17,52.94%) o S ALK M EGFREEAL % h17.5%
(17/97) &

=1 REANEEREBRENTRIGRFEEFE

W LR, A TR IG RRE AR 1 B S e A et
FHPET & LE AR, MR R T 5P (26.32% vs
11.86%, P=0.006,44) , [ 11 24 vy - HC A g 34 28
(21.67% vs 10.81%, P<0.001) , AW HHE BH 1k 2 7o T~ WA
# (28.89% vs 7.69%, P=0.001,75) , PJ/NT-0.05, {1401t
e o AR R 73 U -TU] 55 T - IV B 7 32 (19.57%
vs 15.69%, P=0.615,84) , ~P-EJFERS [ RBHPER (17.78% vs

B 1 eEArReERREIER (X100) . A:3+;B:12+;C:
1+:D:0.

Fig 1 Different degree of immunostaining results (X100). A:
3+;B:2+; C: 1+, D: 0.

Tab 1 Clinicopathologic features of the patients with positive immunostaining results

All the patients (n=97) Patients with positive IHC results Percentage (%) P
Mean age (yr) 0.551,01
<63 45 8 17.78
>63 52 9 17.31
Gender 0.006,44
Male 59 7 11.86
Female 38 10 26.32
Smoking history 0.001,75
No 45 13 28.89
Yes 52 4 7.69
Clinical stage 0.615,84
1+ 46 9 19.57
H+v 51 8 15.69
Histology <0.001
AC 60 13 21.67
SCC 30 3 10.00
LCC 7 1 14.29

IHC: immunohistochemistry; AC: adenocarcinoma; SCC: squamous cell carcinoma; LCC: large cell carcinoima.
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Tab 2 Thirteen cases of NSCLC samples with positive immunostaining results analyzed by liquid chip technology

No. Immunostaining results Liquid chip technology
E746_A750del Ab L858R Ab

1 1+ 0 wt

2 1HF 0 wt

3 1+ 0 wt

4 1+ 0 E19del mutation

5 1+ 0 E19del mutation

6 2+ 0 E19del mutation

7 3+ 0 E19del mutation

8 3+ 0 E19del mutation

9 0 1+ E21 mutation

10 0 2+ E21 mutation

1" 0 2+ E21 mutation

12 0 3+ E21 mutation

13 0 3+ E21 mutation

wt: wild type; Ab: antibody; E19del: exon 19 deletion; E21: exon 21; NSCLC: non-small cell lung cancer.

* 3 RRABIERNEGFRIETHIBRMETN{E
Tab 3 PPV of EGFR mutation by IHC

Immunostaining scores n Cofirmed mutated samples PPV
1+ 6 3 50%
2+ 3 3 100%
3+ 4 4 100%
Total 13 10 76.9%

EGFR: epidermal growth factor receptor; PPV: positive predictive value.
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SR RARRHIE bR AL, AT e A G, k21PN e
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Tab 4 Sensitivity of IHC in detecting EGFR mutations from different studies

Studies n IHC methodology  Gold standard  IHC scoring criteria Sensitivity in detecting EGFR mutations by IHC
SpecificAbsin  E746-A750del Ab L858R Abin
detecting E19/ in detecting E19 detecting E21
E21 mutations mutations mutations

Kawahara®! 60 Slides DNA 4 grades, visual 32/44 (72.7%) 13/21 (61.9%) 19/23 (82.6%)

sequencing scoring

Kato!™! 70 TMA DNA H score, 18/30 (60.0%) 9/18 (50.0%) 9/12 (75.0%)

sequencing cut off values at 20

Kitamura!™ 238 TMA DNA 4 grades, digital 28/78 (35.9%) 16/41 (39.0%) 12/37 (32.4%)

sequencing scoring

Simonetti™ 78 Slides DNA 4 grades, visual 45/56 (80.4%) 20/29 (69.0%) 25/27 (92.6%)

sequencing scoring

Ilie 3 61 TMA DNA 4 grades, visual No mutations in 9/10 (90.0%) No mutations in

sequencing scoring exon 21 exon 21

Ambrosini- 33 Slides DNA 4 grades, visual 11/18 (61.1%) 6/12 (50.0%) 5/6 (83.3%)

Spaltro® sequencing scoring

Hofman®! 154 Slides DNA 4 grades, visual 17/57 (29.8%) 13/36 (36.1%) 4/21 (19.0%)

sequencing scoring

Jiang™ 399 Slides 4 grades, visual 118/162 (72.8%) 69/90 (76.7%) 53/76 (69.7%)

TagMan PCR .
scoring

Our study 40 Slides Liquid chip 4 grades, visual 16/40 (40.0%) 9/20 (45.0%) 7/20 (35.0%)

technology scoring

TMA: tissue microarray.

HRERERERERE
www.lungca.org



TR il R 28 5201 54F4 A 551845 55 400

Chin J Lung Cancer, April 2015, Vol.18, No.4

* 217 -

LU B H o BEAR . {H Hofman 2 BV a] B R A 41 208 B by A
HEATSER, B i RO &5 BAMmA%, ALt AT
Wt Rz ), 550 A0 I EGFREEAS 51 b i i, K
PRMITF -

X} FNSCLC (& # EGFRIEAL Fufril,  AH Lb4r T 7K1

RO T B, S e AAGVE DA AR AR e BRAE RIS 5

TR TT e 32 2 7 AT R

ERLE R RPN S ERAE

i PR AR A 5 R R, (H R BB AN FLBEAR, Il R
IR AT Rt bR

10

11

12

2 & X W

Mitsudomi T, Yatabe Y. Mutations of the epidermal growth factor receptor
gene and related genes as determinants of epidermal growth factor receptor
tyrosine kinase inhibitors sensitivity in lung cancer. Cancer Sci, 2007,
98(12): 1817-1824.

Chirieac LR, Dacic S. Targeted therapies in lung cancer. Surg Pathol Clin,
2010, 3(1): 71-82.

Gately K, O’Flaherty ], Cappuzzo F, et al. The role of the molecular footprint
of EGFR in tailoring treatment decisions in NSCLC. J Clin Pathol, 2012,
65(1): 1-7.

Wang XY, Liu YR, Niu Y], et al. Advanced detecting techniques of EGFR
mutation for non-small cell lung cancer. Guo Ji Hu Xi Za Zhi, 2012, 32(10):
793-797. [ [l 3L, XIUACAN, A3, 5. AR /INR i iE EGFRIE PR 548
Rl HoARRE . [ Rl 247, 2012, 32(10): 793-797.]

Zhou C, Ni J, Zhao Y, et al. Rapid detection of epidermal growth factor
receptor mutations in non-small cell lung cancer using real-time polymerase
chain reaction with TagMan-MGB probes. Cancer ], 2006, 12(1): 33-39.
Ellison G, Donald E, McWalter G, et al. A comparison of ARMS and DNA
sequencing for mutation analysis in clinical biopsy samples. J Exp Clin
Cancer Res, 2010, 29: 132.

Yu J, Kane S, Wu J, et al. Mutation-specific antibodies for the detection
of EGFR mutations in non-small-cell lung cancer. Clin Cancer Res, 2009,
15(9): 3023-3028.

Hofman P, Ilie M, Hofman V, et al. Inmunohistochemistry to identify EGFR
mutations or ALK rearrangements in patients with lung adenocarcinoma.
Ann Oncol, 2012, 23(7): 1738-1743.

Ambrosini-Spaltro A, Campanini N, Bortesi B, et al. EGFR mutation-specific
antibodies in pulmonary adenocarcinoma: a comparison with DNA direct
sequencing. Appl Immunohistochem Mol Morphol, 2012, 20(4): 356-362.
Wu SG, Chang YL, Lin JW, et al. Including total EGFR staining in scoring
improves EGFR mutations detection by mutation-specific antibodies and
EGFR TKIs response prediction. PLoS One, 2011, 6(8): €23303.

Jiang GY, Fan CF, Zhang XP, et al. Ascertaining an appropriate diagnostic
algorithm using EGFR mutation-specific antibodies to detect EGFR status in
non-small-cell lung cancer. PLoS One, 2013, 8(3): eS9183.

Brevet M, Arcilla M, Ladanyi M. Assessment of EGFR mutation status in

lung adenocarcinoma by immunohistochemistry using antibodies specific to

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

the two major forms of mutatnt EGFR. ] Mol Diagn, 2010, 12(2): 169-176.
Kato Y, Peled N, Wynes MW, et al. Novel epidermal growth factor
receptor mutation-specific antibodies for non-small cell lung cancer:
immunohisochemistry as a possible screening method for epidermal growth
factor mutations. J Thorac Oncol, 2010, 5(10): 1551-1558.

Simonetti S, Molina MA, Queralt C, ¢t al. Detection of EGFR mutations with
mutation-specific antibodies in stage IV non-small-cell lung cancer. J Transl
Med, 2010, 8: 135.

Kitamura A, Hosoda W, Sasaki E, et al. Inmunohistochemical detection
of EGFR mutation using mutation-specific antibodies in lung cancer. Clin
Cancer Res, 2010, 16(13): 3349-3355.

Kozu Y, Tsuta K, Kohno T, et al. The usefulness of mutation-specific
antibodies in detecting epidermal growth factor receptor mutations
and in predicting response to tyrosine kinase inhibitor therapy in lung
adenocarcinoma. Lung Cancer, 2011, 73(1): 45-50.

Xiong Y, Bai Y, Leong N, et al. Inmunohistochemical detection of mutations
in the epidermal growth factor receptor gene in lung adenocarcinomas using
mutation-specific antibodies. Diagn Pathol, 2013, 8: 27.

Li Y, Li YW, Yang T, et al. Clinical significance of EML4-ALK fusion gene
and association with EGFR and KRAS gene mutations in 208 Chinese
patients with non-small cell lung cancer. PLoS One, 2013, 8(1): e52093.
Rosell R, Moran T, Queralt C, et al. Screening for epidermal growth factor
receptor mutations in lung cancer. N Engl ] Med, 2009, 361(10): 958-967.
Sequist LV, Bell DW, Lynch T7J, et al. Molecular predictors of response to
epidermal growth factor receptor antagonists in non-small-cell lung cancer. J
Clin Oncol, 2007,25(5): 587-595.

Sueoka N, Sato A, Eguchi H, et al. Mutation profile of EGFR gene detected
by denaturing high-performance liquid chromatography in Japanese lung
cancer patients. ] Cancer Res Clin Oncol, 2007, 133(2): 93-102.

Li Q, Zhao YL, Hao HJ, et al. EGFR gene mutation status among lung cancer
patients in China. Zhonghua Zhong Liu Za Zhi, 2007, 29(4): 270-273. [ %%
54, A A7, AT, 5. o EL M £ EGRRIEA (0 5 A6 92, o S
JRi 247k 2007, 29(4): 270-273.]

Yang Q, Qiu T, Wu W, et al. Simple and sensitive method for detecting point
mutations of epidermal growth factor receptor using cationic conjugated
polymers. ACS Appl Mater Interfaces, 2011, 3(11): 4539-4545.

Tkeda S, Takabe K, Inagaki M, et al. Detection of gene point mutation in
paraffin sections using in situ loop-mediated isothermal amplification. Pathol
Int, 2007, 57(9): 594-599.

Nakamura H, Mochizuki A, Shinmyo T, et al. Inmunohistochemical
detection of mutated epidermal growth factor receptors in pulmonary
adenocarcinoma. Anticancer Res, 2010, 30(12): 5233-5238.

Shigematsu H, Lin L, Takahashi T, et al. Clinical and biological features
associated with epidermal growth factor receptor gene mutations in lung
cancers. ] Natl Cancer Inst, 2005, 97(5): 339-346.

Paez ]G, Janne PA, Lee JC, et al. EGFR mutations in lung cancer: Correlation
with clinical response to gefitinib therapy. Science, 2004, 304(5675):
1497-1500.

Pao W, Miller V, Zakowski M, et al. EGF receptor gene mutations are

HRERERERERE
www.lungca.org



*+ 218 o i 22 2015454 7 A 18 A5 40l Chin J Lung Cancer, April 2015, Vol.18, No.4

common in lung cancers from “never smokers” and are associated with
sensitivity of tumors to gefitinib and erlotinib. Proc Natl Acad Sci USA,
2004, 101(36): 13306-13311.

29 Kawahara A, Yamamoto C, Nakashima K, et al. Molecular diagnosis of
activating EGFR mutations in non-small cell lung cancer using mutation-
specific antibodies for immunohistochemical analysis. Clin Cancer Res,

2010, 16(12): 3163-3170.

30

Ilie MI, Hofman V, Bonnetaud C, et al. Usefulness of tissue microarrays for
assessment of protein expression, gene copy number and mutational status

of EGFR in lung adenocarcinoma. Virchows Arch, 2010, 457(4): 483-495.

QA 2015-03-10 f&[n]: 2015-04-13)
(@ L)

Cite this article as: Wang J, Liu C, Zhong DS, et al. Inmunohistochemical detections of EGFR status in NSCLC. Zhongguo Fei Ai Za
Zhi, 2015, 18(4): 212-218. [, X5, BhIEIE, 55, G4l ALRnMINSCLC I # EGFRIEAS A TS i [ ilidis 2%, 2015,

18(4): 212-218.] doi: 10.3779/j.issn.1009-3419.2015.04.01

HRERERERERE
www.lungca.org





