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Clinicopathologic Implications of ALK Gene Copy Number

Gain in Non-small Cell Lung Cancer

Purpose: The anaplastic lymphoma kinase (ALK) gene is a potential molecular
target in non-small cell lung carcinoma (NSCLC). The clinicopathologic
implication of a change in the ALK gene copy number (GCN) is unclear. Materials
and Methods: A total of 434 primary NSCLC samples were analyzed by
fluorescence in situ hybridization (FISH) for ALK GCN. Results: Ninety-six cases
(22.1%) showed ALK GCN gain with amplification in 16 (3.7%) cases. The cases
with ALK GCN gain consisted of 47 adenocarcinomas (49.0%), 41 squamous
cell carcinomas (42.7%), 5 adenosquamous carcinomas (5.2%) and 3 other
NSCLCs (3.1%). ALK gene amplification was identified in 7 adenocarcinomas
(43.7%) and 9 squamous cell carcinomas (56.3%). There was no significant
difference between ALK GCN gain/amplification and histologic subtypes. Uni-
variate survival analysis revealed that patients with ALK GCN gain/amplification
showed shorter progression-free survival durations and decreased overall
survival rates (p <0.001). However, multivariate analysis proved that ALK GCN
gain/amplification is not an independent prognostic factor for progression-free
survival or overall survival. Conclusion: ALK GCN gain is frequently identified
in NSCLCs and the incidence is similar among histologic subtypes. Although
ALK GCN gain/amplification is not an independent prognostic marker, it is
associated with tumor progression in NSCLC. (J Lung Cancer 2011;10(2):87
—93)
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2] o|7} anaplastic lymphoma kinase (ALK) F3ALS] A&
ZHe AGEA, H < AEA Ero] 241 QA a4 oA
A9 shubel Z2)2E] Y (PF-02341066) 2.2 %] 531312 o
Zoe A7t EolEa WA A 5uHE Ko T F5
< B3 Joh(5,6). ALKE TEA| Elo|ZA QA AR
, 984 AIEZ 7 ZFollA] 5 Aol 9143 nucleo-
phosmin FAZFLIAZ A9 E sFod [1(2;5)(p23;935)] nucleo-
phosmin-ALK §3chl A5 Ao ws whelol] Hois)
T Aol AgoZ s zicty). AAA (ZF o] £lof Al
AERAESY, AFA TAFTEAEE, v]LA ol A
ALK 77 A91, & Wo] ol ¥l hork78), ALK
AR ANA = F7Ee] vl A, Wedhd B4 &

X

ow 7|E AtEe] 3 kA2 ¢ X EGFR
oL} KRAS §AA Mol EukelA ek Zlo|

(9-11). EGFR $771¢] 74 Wo] o] glol = §AAZE, &
AR A F Z7} So] EAX Al HSET} <lTbo] Qo
v, EGFR §742p0l7t ge Fkell A 4 s
Ve &3 Fubgrel ¥¥HA o), ALK A4 A 5
71 A WA oo AT Ao dHA U
A o2 AR olct wekA B Aol e

ol A ALK F4A WAl 7 F7F B S HIEE =4
5—].31’ v;_z_;_qa‘l—ﬂ (I3 Uk] Agﬁé o

ol

b i B I < s - ’g—_‘\_ T
47, el Qlabske] 4BAAE ol w

Oy R
1 A7 o

200311 64 FE] 20081 5U7HA] EFA Sl oA &
E- o2 AAR vLAEALGZE 43465 dFoz 3
Aot 22 G AYE 2360, AP EULE
1669, 4135k 120], 7€} B &AM ELE 2049t H
A 64A(H 9, 21~84AN o, Al 2997, oA} 135
ool YA 7= Tth TNM 5ol ule} A& st}

2) 3A=e] 533 A AH(fluorescence in situ hybridiza-
tion, FISH)

FISHE 2%e w4 ste}g] ZofzZol] ALK break-apart
probe kit (Vysis LSI ALK dual-color, break-apart rearrangement
probe; Abbott Molecular, Abott Park, IL, USA)E o] -&3}o] A
yateick. 24 AAGAIE HEFsiAl Belshd o5t 2
= 3uM A9 2AARA seb S AAS = g, 3
FHAE AR E 2AAHAE 001 M citrate bufferoll T+
ANE AR QA A 587 7 skar 80°Cell A 3047 A
8] A 2F(Abbott Molecular)ol] HH&-A17] 2 37°Col| 4] 40%-
ZF ProteaseX| 2|l 3itt. 1 ¥ ALK -+ A}F kel Adsle
ALK break-apart probe kit (Abbott Molecular) & AL A7 5
AW Ed S L 75°CellA] 557 HAAZ] b5 37°CellA]
16417 $Aeko] Bahilee Ak w AnseS A
sk AlE g & kgl o) 4 6-diamidino-2-phenylindole (DAPI)
2 el g 3k oy A= ui7kA Sebel=es ot
20°CellA] Habsgivh. el A3 53 9l FHEdn
73 11,0004 AlokollA] DAPI/Spectrum Green/Orangeol] th3gk
o Aot A D E ol &3l 7 el #HIHAIE 50~ 100
MellA HFAEE AAH12,13). ALK FAAF A = W
3l= NA 4 Z7Hcopy number gain)2} Z(amplification)
o FRag0v], Salido S(14)0] Hish 71FE whshek
MA 7 F7he SHAEL] 10% o) dollA 3~5712] g4
adg Hole 75 Al 7 SR A, 10% o1
o] FA LA 67 ol Fe] g AT o] WEEE ¢
SHo 2 Agkslqict.

3) Az 35

AR =L vE AAEHAE B
el el oAt ZH2 H5eglict. o|wll FISHE %o % 50
Mo A EE AL, T4 BT A4 (tumor heter-
ogeneity)o] Qlrtar ekl 10071744 B2kl

-+ WeloAe] FISH 35 A7t A2 ohg Felell izl
Ae F Aol thebdn] 7 (multi-head microscope)S 3l
A wEsl A el & o] otk

4) TAEA

olg]dt RE A8 £42 SPSS version 18 (SPSS Inc.,
Chicago, IL, USA) $A] Z2 23S o] &3}9l o, 4|
Zre] 58t o3t ALK Z 3 1|3 Fgks-o|ut 7]Er ¢
Ay A x5 Aol 4FAl= Pearson chi-square

testZ 788, F9 FFL 005 ostE sk wgt
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Kaplan-Meiers-4] 2} Cox regression modelS ©]-&3}o] o] &
AAEol FHAY Al FJARZA 7HA7} YA 5 EA 8

et

E at

L 243 Aoloh ALK 27 AA 4 371 ©

B oolfol E3hu F 4347 9] 3AE2] 54 Table 19|
Q.oF 3hato] A7 REE 214004 84417 A 2
T a4l o, v ZH7 299, 135709l o vl FedArt
1599, ¥ 712 gAr} 2759 0] gl wmgk A A kAt
ZFollA T1, T27} 3119, T3, T47} 1223 0] %l o1, NOE 238
o N1-3E 19290|9ich. ¥7|H 2 1 17]7} 274, 100, IV
717F 1557 o] Aek. Foke] 22 [ ol whel Eehd
AFE 2360]], AP A ZLE 16691, AH 126, 7€} v
ZA|EFE o] 204 tH(Table 1).

7143k F 4340 F 11290(25.8%)0N A ALK 5-A A A
T S7ho64, 22.1%) 2 FF16l, 3.7%)0] FHEE AL,
32200|(74.2% )= 54l o1 9 th(Fig. 1, Table 1). ALK §-A A} 7

Table 1. Clinicopathologic Characteristics in ALK Gene Status

A g 7Y S5 e ARE AuEgs o,
1% 9] 3236.8% vs. 21.4%; p=0.001), %2 A7|7} &
7 9-(43.3% vs. 13.4%; p<0.001), AZA Ho|7} & 7S
(56.8% vs. 1.3%; p<0.001), =2 W] 1 7](69.0% vs.
1.8%; p<0.00D)oll A MA| = 57} 18l FFo| 23 A=
o A, 228 47, 94 SollA = Aeol7t gldet

(Table 2).

b}

2) AZEAT ALK §274 AN 5 374 % 3Fel A

=

AA 25 T4 BEZITL 4ME 0=,
A2 AZE-& (Progression free survival, PFS)& 2413l E%<
ul, ALK A = 574 2 SF5 Hole 3hAte] Fek A
717ko] A F F7HE HolA| ¢k gAtel vl kL,
FATH oz ulrt 913719, 95% confidence inter-
val [CI], 9~ 17; p<0.001) (Fig. 2A). L Yrol] ko] =7]|7}
22 735-(p=0.043), 717} ¥ Z-+(p<0.001) TR A
TEZ w%ou, §99((p=0492), A% (p=0.322), FH(p=
0.354)0ll 4] F-X12f L5 2 xpol= HolA] ¢koket. vt A
A AE7] 7Hoverall survival, 0S)& EA S o, +A= A

A & Z7h W FES Holk el T ATTITel B9

o -d

N

ALK gene
Number (%)
Wild type Copy number gain  Amplification p-value*
Total 434 (100) 322 (74.2) 96 (22.1) 16 (3.7)
Sex Male 299 (68.9) 221 (73.9) 66 (22.1) 12 (4.0) 0.865
Female 135 (31.1) 101 (74.8) 30 (22.2) 4 (3.0)
Age, yr <64 309 (71.2) 243 (78.6) 61 (19.7) 5 (1.6) <0.001
>64 125 (28.8) (63.2) 35 (28.0) 11 (8.8)
Tumor size, mm <34 254 (58.5) 220 (86.6) 32 (12.6) 2 (0.8) <0.001
>34 180 (41.5) 102 (56.7) 64 (35.6) 14 (7.8)
Histology ADC 236 (54.4) 182 (77.1) 47 (19.9) 7 (3.0) 0.251
SCC 166 (38.2) 116 (69.9) 41 (24.7) 9 (5.4)
ASC 12 (2.8) (58.3) 5 (41.7) 0 (0.0)
Others 20 (4.6) (85.0) 3 (15.0) 0 (0.0)
Smoking status Non-smoker 159 (36.6) 124 (78.0) 32 (20.1) 3 (1.9 0.208
Smoker 275 (63.4) 198 (72.0) 64 (23.3) 13 (4.7)
T stage T, T2 311 (71.7) 230 (74.0) 80 (25.7) 1 (0.3) <0.001
T3, T4 122 (28.1) 2 (75.4) 16 (13.1) 14 (11.5)
NA 1(0.2) 0 (0.0) 0 (0.0) 1 (100.0)
N stage NO 238 (54.8) 235 (98.7) 1 (0.4) 2 (0.8) <0.001
N1-3 192 (44.2) (43.2) 95 (49.5) 14 (7.3)
NA 4 (1.0) (100.0) 0 (0.0) 0 (0.0)
pStage [, 1l 274 (63.1) 269 (98.2) 3 (1.1) 2 (0.7) <0.001
I, v 155 (35.7) (31.0) 93 (60.0) 14 (9.0)
NA 5(1.2) (100.0) 0 (0.0) 0 (0.0)

*Pearson Chi-Square values.

ADC: adenocarcinoma, SCC: squamous cell carcinoma, ASC: adenosquamous carcinoma, NA: not applicable.
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Fig. 1. ALK gene status by fluorescence in situ hybridization (FISH) (x1,000). (A) ALK gene rearrangement (break-apart pattern).
(B) ALK gene copy number gain. (C) ALK gene amplification. (D) ALK wild type.

t}43704; 95% CI, 33~53; p<0.001) (Fig. 2B). £°] =
717} 22 73-5-(p=0.018), W77} W2 7-5-(p<0.001)2] A
A AEELE ol F99(p=0402), A% (p=0.326), A
H (p=0.441)0l|A] AA|BEES] Aol HolA gkt

R Aol A ou] Qe AAES FSZE Cox re-
gression model®] A4& AAISH Az, el dhA = 7| (PFS,
p=0.018; OS, p<0.001)¢} Z3| HW7|(PFS, p=0.005; OS, p=
0.005)7} g7e] AL} ov] e AHIAE HYou F
oko] = 7](PFS, p=0.791; OS, p=0.781)$} ALK A&} 7|
T Z7} 9 ZZ(PFS, p=0.067; 0S, p=0.379) -2]s}#] ¢k
9kth(Tables 3, 4).

her o zE

rlo

HAboll A ALK §AAF Wk 22 F2)ze) ) 2& B

o] 241 Q3L A A&AA7} vl A} FE 22k (The United
States Food and Drug Administration, FDA)2] 218 wHlo} 4+
S3tEm A F F5S w9k A of#] vehll A ALK
T FAH o R v e zEY YA ZPE 3 gl
™, FISH AAE Alefsto] 15% o] 4e] FFAl oA Fe
" Aad e oA gk A A ads Hole &
ez skar ok HAkzA oA ALK 42 A9 ]9
A= ALK FRAA} MA = 57 58 5F 59 &7 #&
I Qe Bslar, o3t &7de] H|he Fokxle
AN A o gt AT A, ALK A Aol i3t vk
A o5 ol ekl AL g YA et whEhA], H|gt
of| Al ALK 3 A}8] chekst vis) 8l 1 o] oo thsfe] Hrt
S 7Nkl 7L dewteh B AFAT ALK AR
MA = F7F 58 FEo] widhe 258% % Vel ALK 4
AL 9ol vlste] (4%) vlaF E3] vlaA|ZHqloll A 2
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Table 2. Clinicopathologic Characteristics in ALK Gene Status

ALK gene

Number (%)
Wild type  Copy number gain/amplification  p-value*

Total 434 (100) 322 (74.2) 112 (25.8)

Sex Male 299 (68.9) 221 (73.9) 78 (26.1) 0.842
Female 135 (31.1) 101 (74.8) 34 (25.2)

Age, yr <64 309 (71.2) 243 (78.6) 66 (21.4) 0.001
>64 125 (28.8) 79 (63.2) 46 (36.8)

Tumor size, mm <34 254 (58.5) 220 (86.6) 34 (13.4) <0.001
>34 180 (41.5) 102 (56.7) 78 (43.3)

Histology ADC 236 (54.4) 182 (77.1) 54 (22.9) 0.141
SCC 166 (38.2) 116 (69.9) 50 (30.1)
ASC 12 (2.8) 7 (58.3) 5 (41.7)
Others 20 (4.6) 17 (85.0) 3 (15.0)

Smoking status Non-smoker 159 (36.6) 124 (78.0) 35 (22.0) 0.17
Smoker 275 (63.4) 198 (72.0) 77 (28.0)

T stage T1, T2 311 (71.7) 230 (74.0) 81 (26.0) 0.226
T3, T4 122 (28.1) 92 (75.4) 30 (24.6)
NA 1(0.2) 0 (0.0) 1 (100.0)

N stage NO 238 (54.8) 235 (98.7) 3 (1.3) <0.001
N1-3 192 (44.2) 83 (43.2) 109 (56.8)
NA 4 (1.0) 4 (100.0) 0 (0.0)

pStage [, 1l 274 (63.1) 269 (98.2) 5 (1.8) <0.001
I, v 155 (35.7) 48 (31.0) 107 (69.0)
NA 5 (1.2 5 (100.0) 0 (0.0)

*Pearson Chi-Square values.
ADC: adenocarcinoma, SCC: squamous cell carcinoma, ASC: adenosquamous carcinoma, NA: not applicable.
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Fig. 2. ALK gene copy number gain/amplification showed significantly shorter progression-free survival (A) and overall-survival (B).

A= Ach(12,13). ALK A2 MA = S7F 2 S5 TF S7He HolA ¢k Aol vlal Fga SAIMH R 9
°l AP 2 s £48 Hon, 2284 u|7F A9 ek 13709; 95% CI, 9~ 17; p<0.001) (Fig. 2A),

4, A4, 599 3= ARIATE sl A =H|gst chH R A oA BAA 297t gldct wst Xﬁﬂ RE
Z}%El TR AEES BA EE ul, ALK WA 717+ BANE o, 42 WA = S B SEE Kol

27h 9 2ES Holk @AY Fob ALl A £ GRS Fob AL o] FEoh@NY,; 95% CI, 33~53;
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Table 3. Multivariate Analysis of Progression-free Survival

p-value HR 95% Cl
T stage 1~2 vs. 3~4 0.005 2.242 1.283~3.916
pstage [~Il vs. I~V 0.018 0.528 0.311~0.898
Tumor size, mm <34 vs. =34 0.791 0.954 0.672~1.353
ALK gene Wild type vs. copy number gain/amplification 0.067 0.598 0.345~1.037
HR: hazard ratio, Cl: confidence interval.
Table 4. Multivariate Analysis of Overall Survival

p-value HR 95% Cl
T stage 1~2 vs. 3~4 0.005 3.624 1.470~8.936
pstage [~ vs. I~V <0.001 0.275 0.134~0.563
Tumor size (mm) <34 vs. =34 0.781 0.94 0.605~1.459
ALK gene Wild type vs. copy number gain/amplification 0.379 0.726 0.355~1.482

HR: hazard ratio, Cl: confidence interval.

p<0.001), ©1A] T AGA A oo sigieh v]
2 $AA Al 4 27} 9 ZE) 7o) i EA6A
olu] Qi oA ohiglont, ALK $AA A 4
b A Wle sgrel Al o A% et AL
ofe] A} B o] §47e] FA o] Yol AL
Adteh, AAAA sigkel A ALK A7 AR 4 s 2
229 2% AT 79 glod, 10799 £ seksh
2 oz 3 7 ATIE $Ushek14). Salido S(14)&
1079 9) | AHES thbo2 3 ATFellA ALK $77 A
Al 5 27 d ZZo| wlwd e BRHE LAY
(60%), EGFR 44 714l 4 27} 8 ZZ3} A94e 747
g Bweksieh webAl, ALK 94 ZES Holk 84
o] 7% ALK ) A|A|%5F ofu2} EGFR o AlAlel) tish uh-<
He 2A = Aot Qoka Aekskglont, EGFR B4
Ho|shi 4ol glglong Aseo] £4) oo} Mol
o} 059 ATAT}E B AT AT58%)9F HEH o
2 ARt Ao ALK $374 A 5 Z77h - =
& £AL Hol AT B} Aokelolet HolA 2%
709] Hol Mol QYA S| H-g 2/ Sk R, ALK $AA
A 4 27 9 ZFo| EGFR A4 714 5 27} 1 =
3} olwl ARIAE YA Selvet s =2
ol g-sto] L, B8 % et drkx AzEc A

2> off ¢

|

:

X,
2 o 4

o7, B olFolA] el &AM EA| kAL 24
ALK TR A = 574 2 S5 v a3 &3] 3
©01(258%), 1% 2] 321(36.8% vs. 21.4%; p=0.001),
o] F7|7} & 735 43.3% vs. 13.4%; p<0.001), H=ZA
7} A= 735-(56.8% vs. 1.3%; p< 0.001), == ¥ 2|3}
71(69.0% vs. 1.8%; p<0.001)el| 4] #F 2=},

A

o)

o oofN 2l
0% 2

ox 12
tE g o

2ol BAGA oo glaleh. ol ALK FAA
F Z7h o FEo] Fope] A3} v o] fAA B
Aol o8 Wtz 240
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