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[ Abstract ] Background and objective The fusion (rearrangement) of anaplastic lymphoma kinase (ALK) gene has
been identified as an import factor to the tumorigenesis and development of lung cancer. ALK tyrosine kinase inhibitors (ALK-
TKIs) have been proved to have good effects to ALK positive lung cancers. The increasement of the relevance ratio of ALK
will be very important to patients. The aim of this study is to investigate the clinical pathological features of ALK positive lung
cancer, and the roles of immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) in screening and confirm-
ing the ALK positive cases in the testing flow of ALK. Methods IHC analysis of ALK in tumor specimens was performed on
525 lung cancer patients. 34 cases among them were confirmed by FISH. Results The positive incidence of ALK by IHC was
5.14% (27/525). The ALK positive patients were significantly younger than ALK negative patients (P<0.05), and femal was
predominant (P<0.05). The proportion of solid predominant adenocarcinoma was significantly higher in ALK positive patients
(P<0.05). While acinar and lepidic predominant adenocarcinoma were significantly lower in ALK positive patients (P<0.0S).
FISH was applied in 34 cases. The coincidence rate was increased with the increasement of positive intensity of IHC staining.
All the THC positive cases with or without EGFR mutation must be confirmed by FISH. Conclusion IHC is a reliable detec-
tion method to screening the ALK in lung cancer, and then enhance the relevance ration. To make a definite diagnosis of ALK
positive lung cancer, FISH is a significant detection method.

[ Key words ] Lung neoplasms; Anaplastic lymphoma kinase gene (ALK); Epidermal growth factor receptor
(EGFR); Immunohistochemistry (IHC); Fluorescence in situ hybridization (FISH)
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Tab 1 Correlation between ALK protein expression and clinicopathological factors in 525 lung cancer patients with non-small cell lung cancer

Features All ALK protein expression (IHC by using D5F3)
(n=525) Positive Negative P
(n=27) (n=498)
Age (years) 0.002*
=50 476 (90.67%) 19 (70.37%) 457 (91.77%)
<50 49 (9.33%) 8(29.36%) 41 (8.23%)
Sex 0.002*
Male 284 (54.10%) 7 (25.93%) 277 (55.62%)
Female 241 (45.90%) 20 (74.07%) 221 (44.38%)
Histology
Adenocarcinoma 400 (76.20%) 24 (88.89%) 376 (75.50%)
Solid predominant 73 (13.90%) 10 (37.04%) 63 (12.65%) 0.002*
Acinar predominant 232 (44.19%) 7 (25.93%) 225 (45.18%) 0.037*
Papillary predominant 57 (10.86%) 6(22.22%) 51 (10.24%) 0.061
Micropapillary pre 9 (1.71%) 1(3.70%) 8 (1.61%) 0.381
Lepidic predominant 29 (5.52%) 0 29 (5.82%) <0.001*
Squamous cell carcinoma 94 (17.90%) 2 (7.41%) 92 (18.47%) 0.108
Adenosquamous carcinoma 13 (2.48%) 1(3.70%) 12 (2.41%) 0.501
LCNEC 12 (2.29%) 0 12 (2.41%)
Mixed small cell/large cell 2(0.38%) 0 2 (0.40%)
Carcinoid tumor 2(0.38%) 0 2 (0.40%)
Sarcomatoid Ca. 1(0.19%) 0 1(0.20%)
Adenoid cystic Ca. 1(0.19%) 0 1(0.20%)
Other specific histologic features
Ad. with Signet cells >10% 7 (1.33%) 1(3.70%) 6 (1.20%) 0.310
Ad. with mucinous Ad. Diff. 19 (3.62%) 3(11.11%) 16 (3.21%) 0.068

Ca.: carcinoma; LCNEC: large cell neuroendocrine carcinoma; Ad.: adenocarcinoma; Diff.: differentiation. Statistical analyses were performed
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Fig 1 Expression of ALK in 4 EGFR mutated lung adenocarcinomas with different histologic subtypes and the confirmation by FISH. A: High

expression of ALK in cytoplasm of papillary predominant adenocarcinoma (X200); B: High expression of ALK in cytoplasm of solid predominant

adenocarcinoma (X200); C: High expression of ALK in cytoplasm of acinar (cribriform) predominant adenocarcinoma (X200); D: In ALK IHC

positive acinar predominant adenocarcinoma, the results of a break-apart FISH assay of tumor cells with separation of red and green probe signals

or extra red probe signals (arrows) indicates a break of ALK or maybe chromosomal rearrangement involving ALK. The FISH result is positive.

(P>0.05) o i S A9 1) LU B ZE ALK FH A4 5 ALK
PR Z R Gt 25 5% (P>0.05) .
2.4 S2519fiida B b 34451 8 [R] I AT 1 ALK FISHAG
MEGFREGIN A5 34451 /5 h 149]ALK ( DSF3) S FH
P, ZFISHEEE, HA10fIFISHIR A Y. HAPALK
THC X FISHI FH: (55 1 22 4y B i, HE I AU W] Sh SEEAAR
RORRA R LA (EL) . 34%%%?’ HE EGFRIT) 5
PRLR SR 4 M EGFREF A= T4 JR EGFREE AR, 430l HL 3%
IHCPAME SFISHFATEMFAF &3 (F£2) . EGFRET’EIE@?H
IHC 3+ MIHC 1+ 5FISHFHME BV G53525100%, THC 2+
ERISHH M) A% 466.67%. EGFRERZASITHC 3+ 5FISH
FAPEWM) &% R 50%, THC 1+ 5 FISHAYERIW) & 3% M0,
PR E G TS, THC 3+ SFISHFEY) & 5488.71%,
THC 2+ 5 FISHFAYEW) A28 466.67%, THC 1+5FISHFHME
W) 53K A 50% . JoIE EGERIVFEE LR ZSM e B4 431,
IHCE 1 S FISHRAYERI W) & 825 100% . FIRZERTR
B A R A SCRRAE AT

bR 34 B A A 44 il R s 4K ALK
(DSF3) JPEM (E2) , 26083+, 726 0h1+, ¥Hk
BRI R . TR B AFTEEGFREEAE , AU 45351940

FEedegeAs, 112150 B FL8SSRZEAS (%3 ) . it
ALK IHCH# I TALK FISHEIE, {3 1BIRAYE, h34%
BYE, ALK IHCIEE 13803+, FISHKMREL . 4405
SOBEMAMEBGE T15%, %K41% (K2) , [RFELE
EGFR 194MNE I8 . ZEE CIRFHALKTKI, T #I%L
BREE . FA3BIICUSALK THCHIZE A K K3 +a1+, H:
ALK FISH B uF#4 B (E2) .

3 e

FISHE M 78 i ALKl G 358 DA i Pl 2 fe S A
P06l Sl AT PG B T RS, BT LU A LI 2 241 i
BiNALKIE R IR, AR RALKIE R ] W5 5 1L
LR (Gndew WIIEML4, LA/ ULEYTFG . KIFSB)
B, SO T U A T R, AN R 0 A LR

JEU, i T T FISHAR I B PRET BN 53 5t . 26 AR
ARFIR DL A T oK LA 9352 A LU S FISHES R 3%

A e 1S FISHAS B 75 Fe B PR 3] )72 3% K, Bl 0T
FEIRE, MMTAMIDSE3 . SA4S: Gyt 4 Ak LA AE Miis 1
ALKEE 13235 B i HLA 5 B A Uk e S D), iy

00000
www.lungca.org



* 230 - o il e 2014453 1 B 17855 3 0 Chin J Lung Cancer, March 2014, Vol.17, No.3

2 ABIEGFRRZEIFHEREFALKE BIRIEER RFISHIEMESR . A #15IRRBEARRE (EGFR 215N B FARELB58R) , MYEMAMRNALKERRIEA
3+ (X400) ;B: Z25IARAEERRE (EGFR 195M B FERARE) , MBAAAMRNALKERRIEZ A1+ (X400) ; C: E36IAREEBRE (EGFR 195h B FER LR
), AR RNALKERRIEAT+ (X400) ; D: FISHE N RE—BIAREMBAZA SRR WHR5 KL, FESHEESME (FiLR) , #7
ALKEFEREZEWZ, AALKEFER, BIFAE E: SF46IREE (F1K) AR, (EGFR 195hEFHRART) , MEMMMRANALKERRIE A3+ (X400) ;F:

FISHI 7R EAGIBRERM B A BIZ L. RIESHE BikR) , IRTALKERBT RS EA, AIfEH.

Fig 2 Expression of ALK protein and FISH detection in 4 EGFR mutated lung adenocarcinoma cases. A: High expression (3+) in the first case of
acinar predominant lung adenocarcinoma with EGFR exon 21 I1858R (X400); B: Low expression (1+) in the second case of acinar predominant lung
adenocarcinoma with EGFR exon 19 deletion (X400); C: Low expression (1+4) in the third acinar predominant lung adenocarcinoma with EGFR exon
19 deletion (X400); D: The results of a break-apart FISH assay of tumor cells from the first patient with close apposition or confusion of red and
green probe signals (arrows) which hybridizes to the 3 region and 5 region of ALK gene seperately. It indicates and intact wild-type ALK without
broken. The FISH result is negative; E: High expression (3+) in the fourth acinar (cribriform) predominant lung adenocarcinoma with EGFR exon 19
deletion (X400); F: The results of a break-apart FISH assay of tumor cells from the fourth patient with separation of red and green probe signals

(arrows) indicates a break of ALK or maybe chromosomal rearrangement involving ALK. The FISH result is positive.

% 2 FREGFRIKZHI345I /R 5 FALK % AL SFISHE RETEL R
Tab 2 Comparison between ALK IHC and FISH results in 34 patients with lung cancer and different EGFR status

Cases FISH IHC 3+ IHC 2+ IHC 1+ IHCO
EGFR wild-type 22 Positive 5 2 2 0
Negative 0 1 0 12

Coincidence rate 100% 66.67% 100% 100%
EGFR mutated 12 Positive 1 0 0 0
Negative 1 0 2 8

Coincidence rate 50% / 0% 100%
Total 34 Positive 6 2 2 0
Negative 1 1 2 20

Coincidence rate 85.71% 66.67% 50% 100%

T SR EREAIF R EHET . BARFISH K . S FR &A1l % 58 2 [ml kil s 0 o 1 ) 2 e bk 0 98
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% 3 ABIEGFRIRZE R B E IR KRR EHFE R ALK IHC R FISHIR 25 R

Tab 3 IHC and FISH detection of ALK in 4 lung adenocarcinoma patients with EGFR mutations

Case Age Sex Tissue type Histology diagnosis ALKIHC  ALKFISH (rate of positive cells) EGFR status*
1 57 F Needle biopsy Ad. Acinar predomiant 3+ Neg. (0%) Exon 21 L858R
2 63 F Needle biopsy Ad. Acinar predomiant 1+ Neg. (0%) Exon 19 deletion
3 57 F Needle biopsy Ad. Acinar predomiant 1+ Neg. (0%) Exon 19 deletion
4 34 M Surgical biopsy  Ad. Acinar (cribriform) predomiant 3+ Pos. (41%) Exon 19 deletion

F: Female; M: Male; Neg.: Negative; Pos.: Positive. *: The detection of EGFR of case 1, case 2 and case 3 by ARMS, case 4 by sequencing.
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