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Platinum-based Combination Chemotherapy in Ovarian Cancers
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Background: The HER-2/neu proto-oncogene (also known as c-ErbB-2) encodes a 185 kD
transmembrane glycoprotein with intrinsic tyrosine kinase activity. Many studies revealed the
correlation between the aberrant overexpression of HER-2/neu oncogene and poor prognosis of the
malignant tumors such as breast, stomach, colon, lung cancers. But the significance of HER-2/neu
oncogene overexpression as a prognostic factor in ovarian cancer remains controversial.

Objective: The aims of this study were to assess the prevalence of HER-2/neu oncogene
amplification by polymerase chain reaction(PCR) and to evaluate the prognostic significance of
HER-2/neu oncogene overexpression in terms of chemo-responsiveness and survival rate.

Materials and methods: This study included 32 patients with advanced ovarian cancers(24
epithelial ovarian cancers, 2 Brenner tumors, 2 malignant mixed miillerian tumors, 2 granulosa cell
tumors, 1 struma ovarii, 1 Krukenberg tumor). All patients had underwent staging laparotomy, and
postoperative adjuvant chemotherapy with platinum-based combination chemotherapy. PCR was
performed using tissues preserved in liquid nitrogen at the time of debulking operation.
Overexpression of HER-2/neu oncogene was defined as being equal to or greater than 1.5 au. We
analyzed whether the HER-2/neu overexpression correlated with chemoresponsiveness and 5-year
survival rate(5-YSR).

Result: HER-2/neu oncogene amplification was present in all of the ovarian cancers(32/32).
Significant overexpression[gene copy number(GCN) >1.5 au] was present in 13 of 32 ovarian
cancers(41%) and 12 of 24 epithelial ovarian cancers (50%). The clinical response rate to
chemotherapy in high copy group(GCN > 1.5 au) was 67%(8/12) and that of low copy
group(GCN  <1.5 au) was 92%(11/12)(p>0.05). Pathologic response rate to chemotherapy was
0%(0/5) and 50%(3/6), respectively(p>0.05). 5-YSR was 8% in high copy group and 25% in low
copy group, but this difference was not statistically significant(p=0.17).
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Conclusion: HER-2/neu overexpression might be a poor prognostic factor, but this difference

was not definitely elucidated by statistical analysis in this study.

Larger scaled prospective

randomized study is needed to define the prognostic significance of the HER-2/nex overexpression

in ovarian cancer.
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oA F4e BAAFANA ¢fH ZHoncogene) St
%9 Al 4 A (tumor suppressor gene)7} ¢ LAY H7
o oI 713 A M 48 & Ao 47hH
It HZ EAQESe] 34 ddd Yo
ol oA FU4 FEY FHA Ao nu3}
slo] ot FFoAMe FHAY o] Y AT
7b W gdE o]RolX 3 glov, ol I
g Y3z Yeprt fAz 59 754 E A
A F Qe M 52 d72 dAHHR Yot

AR GHAAE o 6094 7HA 7 G A o
o}, o] 3 HER-2/neut s, $1<h, 13, A%
oh, M 5ol FEdHo| FYH o, 53 {1
otoll A &= HER-2/neu A 2ke] & o] A X
53, Aol 2 HEE 59 dF AR UHE @
A4ol Qe Ao 4HA At H2 @ 2
3} & uleto 2 HER-2/neu Trof th& 3} A (Herce-
ptin™)7} Aso] 9FA8E A HER-2nen T
woj AP E fabede diste Z37 Qoke
A3 E don, FDAY FUE& Ao} AH4HZ gl
ot o3& Ao FF FAR UM KA A
89 7teAd S oS wAst ok

2y dagd dadE dXE AL AAE
2 2331 gled, 489 AA4ES HER-2/neu Y
AR sdo] o F ot dAA ol AL F43
= g AAE L HER 2neu A2t 3
Wdo] BT AFE UYehiE AR FH5HL
Ark? oj2l @ Fole B BEo| Zy] T 4y
s &7 e 238 A A 1Y
e Aoz 2381 Agt”

olo] AAEL FF A A A 4-&(polymerase cha-
in reaction)g & FHA FF 9 HFH FHo| 7}
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S8 o] we}, DNA $20) 4 HER-2neu 4%
o FERSE AT, YA B4 L AEE
e aawAd daid EAsnA s

. o5 Cha 3 e

.97 iy

Axe e Aguftayd ARAdedA
1989 19 5E 19939 RYAA $£€& Ay w2
YAictoz Ag vk FIGO W7 3, 47] A3 A @
2% 82 F AW EZA0] BEEo gld 329
Z Yk RAEL JFH R dage] A
o oj&H AL, GEAA HAL SR I FAL
AF-AZE 2GAA, FEAFR 29H4, B
SBZYEAVP), AFH @2 EYCD L AT
FHGMRD HALE A Pagen, 4ad 359
a1 2GHA, BR 289 FAL SFA A
(Bone Scan)& A 33t} ¢tHo] R E AT
FAEL ANEA AEeE AP AATHEE,
FZE AFEEY AAw, JAYE dFAAE 4
FHAAEE Asto FIGOY e we} F=
A W& AR 4 F platinume T
Bagsista g 3F 122 63 AP,
28asigtey 8 F ol#H FA, 2o,
CA-125, 34t CT 22 MRI 59 Ad4ZAlA 2
E ¥art ggol 48 A4l 94A fAds
(clinical complete remission)Z BA 8¢ ov, 39
Bu7} 50%01d 24HR F4 THo] AU,
CA-1257} 0%} 24 Z 48 FEH Az A
o &gt Ao g e READN % &
ABHA A$E 2F gohAlo] @ go] e
Aoz BAHG ZE WY FAN dx, 43
H S4ARHE B FA ddgE o|Z FA|AN
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B5g A3t yeldty A o5 g AHA
t}. °IZ]- FANEEA O AHEES NG
W AHAZA AA GAEF SAEHA g%d
73 %o "izglstd ¢4 33 (pathologic complete remi-
ssion)2 A ojatH, J4H SHAHE Bo|A FA
U B4 dalel A AE FA ¢4 Ee EH}
7129 Ho|7} #RlE Aeol ol FAMEE
A8 8}R] ¢k taxol, ifosfamide, hcxamethylmelamine
5% ol &% FASEGAHE A Psgrt

2,47 g

N EZ A3

A 2o B ZHAAM HYLAL AEQ
8l2 2322 1.5ml eppendorf tubed] ¥ 1 DNAE 3
Z3dt A9 2 9 23 & HFHF F Hema-
toxylin-Eosin |4 3} W]z 83 47 & His-
tological Typing of Ovarian Tumors (WHO)d| w2}
ARESGL? YxFoz: FFYRzAL A
&3kt

2) DNA =&

Z2 05ml =& el ¥ 4L E o] &
e 223t A7 ¥ 1.5ml §7]¢] &7 TEN buf-
fer-& < (50mM Tris, iImM EDTA, 0.1mM NaCl) 500n
I, 10% SDS&<} 25, pro-K 10ul (20mg/ml)s &3
3te} 37TCol A A WA 3Act o] &Y FF
PClI(phenol, chloroform, isoamylalcohol) €948 W1
527 Wy F 12,000pmejA 1023 A £ 3t
et Sl A2BE Hsld 100% cold ethanol&
26} 8%, 3M Na-acetateE 1/108F & EJE ¥,
80T A 3083 $X st YHEE YAHAI|2
o] & 12,000rpmel| 4 2083 YAEE T F HAo
H48 AL Ut 4E A& 2A2HA AAF
A} o] &Ho 70% cold ethanol 1mlE A XY 7
EZ/E F 12,000pmol| A SET A E A A
F54E AAGD AZAD ¥ FF5 2000E ¥
o] &€ 3 F YFRAFAT EFu|4A
(spectrophotometer) & o] 8§38 OD2600) A 2] &3
& 2339 $5¥ DNAY 5= & dAs ey
E(260nm/280nm) 1.7~2.02.2 DNAY &£ & &<l
st
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3) Oligonucleotide?| &4

EAFARZE vlehZ 2 (P-globin)g AH&3H%
o} HEl229 9 HFAE-E 260 basepair(o] 3 bp
2 48holth*'® HER-2/neud] A1'%E 2 (primen2
T 2122~22199] A ESERAY B2 HFAELS
ogbpol™ olE EF 9% ojFste AZaigch
(Korea Biotec. Inc.)

primer sequences
PCO3 5°-GAAGAGCCAAGGACAGGTAC-3’
GH20 5’-CAACTTCATCCACGTTCACC-3’

HER2a 5’-CCTCTGACGTCCATCATCTC-3'

HER-2/nen HER2b 5'-ATCTTCTGCTGCCGTCGCTT-3'

B-globin

4) PCR

ZA DNA 1ul (200ng/uhell WwHEEIE 49l
(50mM KCl, 1.5mM MgCl;, 10mM Tris-HCI, pH 8.3;
100uM dNTP; 0.5pM primers; D.-W. 18)1l; mineral oil
28} 2units Taq polymerase)S &3+ ¥+ DNA
thermal cycler(Perkin Elmer Cetus, CA)& Al-£314
AH PCR 353718 Agdded z Frvg
denaturing 94C 1%, annealing 55°C 1%, elongation
72C 188 A&tz 1537)dM 94C 589 dena-
turing@} final extension® 2 72T 108& A 834
t}. PCRo| ¢ DNAR Y F 5plo) A& 3o
EANEADL #74 H& vt 8% polyacrylamide
gel(PAG)ol A 100volts, 6022 A7) 95 & A 3l
onj, A719%F°| ¢ PAGE ethidium bromide &
Ao A 1583 FAE F AYMH FZ7|(UV transi-
lluminator) 3tel4 FZ ¢ DNA o f5& #&3
I, ASA ZHE 3,0008] &9 Fet2o|= sljez &
Jated FA BEIAAL

5 REUX EE4 5
£ %% % 7| (imaging densitometer; Model GS-700,
Bio-Rad Laboratories, CA)E o|&3}d A w g} o
g2y u gz Huge v&g Adstn 7§
A glutz 2 o] § A3 % (gene copy number) &
§-3"°1 AA Y FAAFETE AT %%‘ix}
E49 Bt 7€YY dFAEC] HAF v o
A 2F %4 1.5 a.u(arbitrary unit) v 7He A F



T(low copy number), FARAFES 1.5 au 0|4
1% Z F(high copy number) 2.2 A ¢|3le] u]
);.} -]_ﬂl:}_'IS,IS)

M o

3. 84 &4

HER-2/neu ¢H722te] @i wg &z
9 A", £4 A CA-1259 $EE Pearson’s x2
testg o] g3 Pon], 1FEZH AFZFR A
¥ 2 d24 288, IRy dude 5
2 Fisher’s exact testS o] -&3le] BAa o, F
T3e] AELY] HEEAL Logrank HH & A&
3ttt o, HER-2/neu 3 A2He] Hd @ o9} o
Fote] Bl BT BN AP oM E
ZAGH AEFY & o F o o] g HA 33
7] et u AT A dASS AYstn A PEg
(=24). B & FA A2 SPSS version 7.52& A}&
sttt

mZ

HER-2/neu FFFAAE 3269 dAFYA
BEF FZo| U AUhFig 1). FAe] Hvhol&=
56(39-72) A 0] 31, 329 9} $2}F 239 L(71.9%) G4
ot 3719eH, 99-2(29.1%) Y42 471t e
3t R5ol w2y 2470](75%) 398 dagel
Ao, 890l(25%) H4HAH dadgelAeH, o|F
FAY iAol 17THL2(53.1%) M BT
(Table 1)

R4 GAFY FAA FAAFTEZF 15au o

Fig 1. Eight samples of 32 HER-2/ineu PCR product
on a polyacrylamide gel.

Pl., placenta; lane 1,2,34,7, high copy products; lane
56,8, low copy products: SM, size marker
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Ao HAEE B F4E A9 dad 84 24
o FellA 120)(50%), w34 FA YA 84 F
oA 14j(12%)el At A FAUEA 244 F
NN FAHAZES 15 au o|4e] THHZEH 15
au "ghe] AMEFEZR o], W), 23TgH F
I, A ¥F CA-125 5% 52 B4 ol &
Bo|A gekrh.(Table 2)

29 dagel A A i JA ukg

HE ¥y HER-2nes ¢{AA ndF 129
F 89(67%)M wgE Rgm, ALHTHE
129 % 11HO2%)9A 9 Yetdo], Addd
of A getAle g Bgest ¥ 4F%E RIS
U, BAHLE FAstAE ¥rthp=0.59). o]z}F
NAEEE HEETE 60, TEHT SoolA A3
o, ol F3 d& sy Ao &A
FHE B & 1LATANA 0% (05 ALd
ToAA 50%3/6)°1 Ao BEF7F Ho| F £3HY
FAHCE 9% Aol YT (p=0.18)(Table 3)

A9 AN HER-2/neu $HAAe] @
o W& 5d AESEL, ILATNA 8%B(HTFA
E71=27709), ALHEFANAN 25%FHIFHE7T
=35 ¥)E 2, AAAFM T 5 &£ L
Boy, o] 4A T EAH 4L AN
t}.(p=0.17)(Fig. 2)

Table 1. Patients Characteristics

Characteristics Patients Number
Entered 32
Age(range) 56 (39-72)
FIGO stage (%)
m 23 (711.9%)
v 9 (29.1%)
Histologic type
epithelial 24 (75.0%)
Serous 17 (53.1%)
mucinous 2 (6.3%)
endometrioid 5 (15.6%)
non-epithelial 8 (25.0%)
MMMT™ 2 (63%)
Brenner tumor 2 (6.3%)
Granulosa cell tumor 2 (6.3%)
Struma ovarii 1 (3.1%)
Krukenberg tumor 1 (3.1%)

FIGO™ : International Federation of Gynecology and Obstetrics,
MMMT " :malignant mixed miillerian tumor
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Table 2. Correlation between HER-2/nev oncogene amplification and clinico-pathological parameters

HER-2/neu expression (%)

Parameters Patients N i < 1.5 copies a.u 21.5 copies a.u. P value
Histology (n=32)
Epithelial 24 12 12 0.10
Nonepithelial 8 7 1
Age (n=32) 53(19.64) 59(+6.18) 0.08
Stage (FIGO) (n=24))
stage HI 17 8 9 1.00
stage IV 7 4 3
CA-125 (n=24") (mlUmL) 1,987(£2,513) 1,744( £ 1,968) 081

au. : ambitrary unit, ~ : number of epithelial ovarian cancers

v.1 2

c-ebB-22t 1 4 Sl HER-2/neu gt e
Ao 28D FAG F2E 7R3 QL
on, o] AA4FEY 4FHAd FA}E Ao
2 g2iA e MELF3}Y(transmembrane) 24 T
thlo] o tyrosine kinase®] Z&& 7tAm o™
HER-2/neu 4&AAE 178 G849 Fgo] 94X
3}, ethylnitrosouread] =& ® A9 ANAoAXE
FoA Loz dAHeH, £ Ay Ry
A2l 2 44 A (epidermal growth factor receptor)$}
FA G F2& 7HA 1 glo] HER28 1k & 44
sof, ¥o Ao A ZL o7 2ol
921h” HER-2/neu LA 2@ 7l@ez
T AEdde], 3d, o] §9 o8 /A AHAHE
o] =1 lov, M fEstA HdHEe 714
& FddolH, old o3 =T} g FeHAA
T tyrosine kinase?] ¥ & 3+ Aoz AzEHu
Atk At 437t dolud ol& HES 4F
B3l JEgE nAe ez geiA doH, o
= HER-2/nex %A Ao tid 342 NIH 3T3 A
EF Fo3QE W AEY FHo] JAHE A
02% & & UAth™ HER2new FHAA S 4
& ke A AFY, ARG, MY 5 BE AY
A BRI glew, 53 Fge st HER-Y
neu AFAAY] HgdHo| GHE 3, HolA
E Y AESHAE YHE dF40l dUttn By
Il %lq_.Z,S,ZI)

FAG 99 Qo= AFURHe, AT BF

Table 3. Correlation between HER-2/neu overexpression
and dinical response rate to chemotherapy in
epithelial ovarian cancers (n=24).

Patients Number
low copy group high copy group P value
(<1.5 au) (=15 au)
Clinical response to
chemc‘otherapy 0.59
responsive 11 9
resistant 1 3
Pathologic response to
chemotherapy 6 5
(second look operation) 0.i8
negative 3 0
positive 3 5
Survival
median survival 35 months 27 months 017
(range) (15-55) (19-35) g
5-YSR 25% 8%
a. : arbitraty unit, 5-YSR ° : S-year survival rate
10
R -+ oW COpY Qroup
— high copy group
E
“ 0=0.17
T | S
-g 2
g 00
o 20 » 20 L) 100 120

Fig 2. Association between survival rate and
HER-~2/neu gene copy number by log rank test.



&, dad, EF ZA FY MMMI) FelA
HER-2/neu -2 2e] W@ o] Fldul oy, of
2 d3H F8Ad dEMe dAE AHE Bol
A g3 Yok ER G 4FAAT e dag
9| 74 ¢ HER-2/neu &+ #e 3pgdo] §8¢ o
FARZA 2d £ Q)& Ao J|gIgey, &
< A7dE E7e L, AAuc g ARE AA
3L ok A9 Azl A& HER-2/nen 42
o B FYAEAA hd M, o]AFA
NE2A] SAE, AEEY A8 Fo| YuAA &
@50} olol, HER-2fneu & AHe] Hd¥ o] Ui
Aol EFY dFE AABIE AAZA 9 o] & Tt
48 Fgad oy g A2E & HER-2/neu
Y A SRR Ak
A7 Yeotn HEH v Yop P
E’_El EJ—P«] o+ 24 &, HER-2/neu %
w%u ¥ FRY Bl Q) HE
6“‘51@ TE dRAoU, d7Avin o] &% A
i, AHgE 9249 4, aen gAY FF
o uteh FHE zol7t AL Tt S 1
of ¥}
AA g d7AEe] GHAY FEdE FA5
AYRoes GEEHAE ol &3t YR
&4y (immunohistochemical staining), Nothern
blot analysis, Southern blot analysis, flow cytometry 5
o o8 7hA| Wyo] glow, Ztzte] wE e FuH
& AY L o, AHgste Wl o Aaje] g
Aol7k v Ao g 4 A it} A /d HER-2/neu
Gz BHE i AFAME Gy ufe}
ot E A3E Ho|n e, Fetd Eujx3FE o
B8 HAZAGAA NP2 E 16-33% FE c-
B2 gl g o] B 159} om0 gouthemn blot-
tingg o] &% Wyog: o 8-70% Fro wHE
ol magu 9oy

2822 B AFAEL V&Y 0421 ATAE
A% AFAIH7} AR @ ol & HER-2/neu
w88 ZAslE A Aol di4to] DNA, mRNA, £

Wy Fog tggagon, AAY Fid ozt

A 7AH & PCR, RT-PCR, B Y % 2 318 44, So-
uthern blotting, Nothern blotting $o.& T} ¢3lg 1,
Z39 Fo YoM T dH Aho] YEEBH =
A stk ¥ojz F MR 08 23 0§
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A S5 83, A% o 4AY Y o2
& F59 298 QA 4. olol AAE

A B4 DNA TUREE 719 1A
A2+ Ut FYLLARNLE o/ §3e] DNA

GHEATE A F3N3t AN EY v Rsax &
Ach EF M & FARY 4L HAas)
Aste] AAFALe AAYE REHJY 25 & o]
439

HZo| Mgso] de 2ol1 e FTHELEY
B2 FHA ol AHEEHAY W xA g
¥, Southern blotting Fol ¥ldle] DNA FF oA
HER-2/neu H-AAe] WE AT E vz 483
AFHoz BN 4 9o, HL ¢ xHoE
E AAE FHesta, 239 FAAA A IF
& WA ghon, A|7to] HA Hem, £4€ DNA
o ol et G WA ghol Y3 HER-2/neu
A HE AZE AN 5 dge YL
7R3 gtk &y vl & PCRYY o] & o
H3to] DNAS] &4 AT 48& HA gerae
3tA| 2k ol = == DNAS| Ao ue} FEH |
4L mA & gvhe FE 71gsor @k Az
PCRE o] &3] HER-2/neu 44 2y A&
ATE ERAME dAY FHE oA g1 9
£, Huza 592 g2ld Eojz2 ¢ 0|48 PCR
A3 oA HER-2/neu -2 7e erddo] o 40%
Axo|n o Fot: #HA o] glof dFArE A
$44e gz pasgon, 19959 2EY
Medl 579 dFolAE 2 HEE ¢ u Uk
a2y ojstE Y E Wong 5 =192 HER-2/neu o4
Ao Furds o Fohe @Yo FRIAE &
At FRHQ AFAZAZAY M54 94T Hl
Aok @A7A A gl ¥a W HER-2/neu 4
Azt th3t 2AE A A o 30% ol i
ol A Y EES vehlin, FIGOH |7 AgE 4+
Z Jid o] FrMthE Ao AE Zolan
9;11:]‘-33,3‘)

2 d7dMe AR G2 3294 EFOA
HER-2/neu %A1 H@ & A £ YUtk &
F GEAS A4 dAY 244 F 126)(50%) 00 A
A, g A7 wdtd ¥ AE ey
Ak ol BHA WE A uie} Zo] ¥r|7 F18
5% HER-2nex 5-AzS d@NTs F7tste



- Aot HER-Zneu 874 %3 Platinum-based ¥438 8% 8 Eote] dayol 28 A7

AL 1AY 9, B AFoA 29 A7t ¢ 3
719} 4719 A FAge gz sd A Y
gt 7t5Adol dom, £F E ArolA ALgdE 3
A7t 54 AF AHfPL PF B#ASH LAY
7t G3ay] g B FHES AL F AN
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goin @ 4 dAoU, FAH FA4E EU3A
= £

dFolel BAAM YoME HEdE BAT
A gAle] gE B8 B ol wgg B
A% N%(1112), 53 AEE 25%HTAE7IT
=35/ ¥)2 BLAT] 67%(8/12), 8H(BAAEY
=279yl HlE oA e BAFS Hol7 o
U, EA48E 4948 AAthp>005). w2
Id4A dARHE B FAE o2 AYF
olAEANESANE Bty FHnHHE BY
A7 ALP T M E 69 F 39l A(50%) B
¥ gAasE Yehida, add M E S8 B
=7 Aol A gz ol LR A(0%) HE
oM JAH Bl rivix 2 Hedy 43
B E 5o 4% Yehidod, ot 229
7t Hol EASAY 4L =T £ UG &
AFol A3 2AE HER-2neu ¢H-A Ao} Fprddol
A84 dagte] oM AFEARZ A J4H 9
o g 7hxctn 28 £ Ao, £ 479 i
AA7 A5dS 7o o, dgHes FRHY
22¢ A7E oFsa AsEY, ¥ Fo @
4o AAE Ao e Wi a7t o
ol & Ho|r}.
7= DNA g9 Qe 7HE 388 A
& 5 e Aoz 434 U PCRE
ER-2/neu HAzke AEH Aol 4
B2 B dpdqe di A 7t
o3 ABAVE oYt dHHzE,
o Aot e u g o g3t B A
2 A7E Agdgd A =do]
ol wacte] Aol HER-2fneu HA e} da
oro) ol Fote] gl ths) A3 Hit & F 3
ogle Azteln, &% o| & %3&te] HER-2/neu 3
228 38 H5AHS HY § s Aoz A8d
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