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Predictability of the Survival using Prognostic Index (PI) of
Patients with Epithelial Ovarian Cancer

Chang Young Chung, M.D., Kyung Tai Kim, M.D., Joong Sik Shin, M.D.,
Seung Ryong Kim, M.D., Young Jin Moon, M.D., Sam Hyun Cho, M.D.,
Hyung Moon, M.D., Jai Auk Lee, M.D., Youn Yeung Hwang, M.D.
Department of Obstetrics and Gynecology, College of Medicine, Hanyang University, Seoul, Korea

Objectives: To predict of the survival of patients with epithelial ovarian cancer, multivariable
analysis was done to identify variables with independent prognostic factors. Based on materials
from 191 clinical trials performed by Department of Obstetrics and Gynecology, Hanyang University
Hospital, we constructed a prognostic index (PI) with considerable predictive power for long-term
survival of patients with epithelial ovarian cancer treated with cis-platin based combination
chemotherapy.

Methods: On identifying variables with independent prognostic value, statistical analysis were
performed with clinicopathologic variables including age, FIGO stage, histologic subtype, histologic
grade, residual tumor, presence of ascites, pretreatment levels of hemoglobin, platelet, and tumor
markers(CA 125, CA 19-9). We also analyzed biological variables using immunohistochemical
staining for GST-pie (glutathione-s-transferase-pie), p-glycoprotein, and MT (metallothinein) as a
drug resistance and uPA (urokinase type plasminogen activator), PAI-1 (plasminogen activator
inhibitor-1), nm23 (nonmetastatic gene 23) as a tumor invasion and metastasis. In addition,
univariable analysis was performed followed by multivariable analysis using Cox’s proportional
hazards model to identify variables predictive of poor prognosis. Prognostic index (PI) was
calculated based on sum of individual beta-coefficient of the most important independent prognostic
value.

Results: With univariable analysis, age, FIGO stage, histologic grade, histologic subtype,
presence of ascites, residual tumor, initial value of CA 125, MT, uPA, and PAI-1 were found to
predict of patient’s survival. In the multivariable analysis and proportional hazard model, the
pretreatment characteristics needed for the calculation of the PI are the age, the site of metastases
expressed as stage, the histologic subtype, the size of residual tumor, the histological grade, and the
presence of ascites. In the subgroup comprising the 10% of the patients with the best prognosis,
5-year survival rate was 78.9%, whereas in the subgroup comprising the 10% with the poorest
prognosis, 5-year survival rate was 7.1%, which illustrates the large variability of the prognosis
among patients.
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Conclusions;: The PI was found to retain its value after response was achieved. The
information provided by the PI can be expected to be useful in treatment planning and the proper

stratification of patients in clinical trials.

Key words: Ovarian cancer, Prognostic factors, Survival, Prognostic index (PI)
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Fo| AF e BRAGe R AT ALY
B2 HEE Ha AIREY ¥ 5%E
A2 N7 & EAdYolh 2E I
o2E BAZY X237y 839 st
HAE R UE o3 dAagde MeE A
Z7t 348 Eolx Ut 2y dage] 444
A7t FEEHA g1 dw AFAA 271G Sy
ol glo] AR 7HF HEF aywe] &
o HELE Fole Wolt EY3E FA 30d
7hdA o] WA BEY v RAH | 9o
stout @xte] &gl Wt 9ok

Gagte] dFRol A F8E AMge JAAT
24" g2 A9 BFegAc] e HEEE w)
wate 477 FFE olF 1 Jlon E JHoR
=) gxe AEEo YHE AAV AL AL
AR =Y oFUxE 2AsEe Rolnp?

HA7x g2 dAagY dFAAzE 1) gAY
#12] 83 o 3212} (clinico-pathologic prognostic fac-
tors) 2) FYEAED 3) EHAHY JFAAER
dgc?

2 ¥ A& (molecular biology)®] #& &
A gEo 42 e dF BopPe B fA%
(molecular genetics), 2} A L£4] 7](flow-cytometric
analysis)& o] &% g ¥4 H S-phase frac-
tion," © M| X 3} F(monoclonal antibody) ¥ H
o =3 318 7 AL (immunohistochemistry) & o] &
& o} 42l zK(ol. Her-2/neu, EGF, EGFR 5),” &
ot $AeAze WA, P53, b2 5),°7 z=2
4=4 #|(hormone receptor: ER, PR), 344 5o ¥
CA 125919 27| & o F 24" gota) )
Aol FAsE BA(d. GST-pie, Metallothinein, p-
glycoprotein 5),” A o] Mol L Hgol BA

o]
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A7 e 1983 19 25-H 19989 69
74 G eGE A ARATFe] Jdst] W A
3£, 2944¢ € gggtegos A8 ¥}
on| FHo] 7hE Y 20699 44 day #
e ez sk B HdoAe gotsista
& 198319 o} ¥ cisplatin-based chemotherapy 2 3|
g3geon 2714 Ao FH&Fol e EAl
AE 63, 794 ALl 61289 gd3sta
¥ PAC(cisplatin, adriamycin, cytoxan) E=< 199013
o] 3o =PC(cisplatin, cytoxan)& dA3l= AL
Hog sgch Aoz gd #3E Y ¥
ToAME oJAFAMNEEE HAASA. oJAFA]
NEEAA 238H oz g4Ad AHE B Fatd
AE BUAE NP 6128 472 Sdsd. o
AFANEEA D EAAAE o)A LT}
S9E HAEA. 2069 9] 94 da2 Y E2F
Z18H Yl FEY =8 4 FHAEY, 7
23} AXY, oA EFMlerF Y (malignant mixed
Milerian tumor: MMMT) 5 15¢)&= A} 93ttt o}
A AT EAE 19140l it
2 drdME 43R AFHe ) 93
A A%, 471, 24 g, 23] £I&, F
o EXfF, TEF AE FHY I, &4 3
229 FE, 4859 2) FEEANELA 7
H CA 12589 PR CA1999 F& 534 3) AE
g dFAzE A WAHe ML E GST-
pie(glutathione-s-transferase-pie), p-glycoprotein %
metallothioneinMT) 53 UAE HF T[AFHE
uPA(urokinase type plasminogen activator), PAI-1
(plasminogen activator inhibitor-1), nm23 (nonmetas-

tatic gene 23)5 9] HHUEE SH3A

2 A uY

Gagte AYe £ 23HUL 24 BEO
2 Ao AT #Ye ZAYeS A B 3
Qe WAz sy e getdol Tojy 27 A

[Eas e
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GST-pie, p-glycoprotein, MT, uPA, PAI-1, nm23 %
o FRuEL WY 23 3% guaYHoR A
HE e J)estd b B xEgges
2R =0} et ¥ujd 2HHHE 0.5 mmzHF
o2 ZFet gugtust Al F 3% HiO.2 583 A
2§ 3% PH 7.4¢ Buffer Saline© 2 527+ A ¥ §c}.
Antisera®] nonspecific finding-& Hx|3}7] Y& 108
HAQFAZ Al F URAFAZ AL M 37
29 Ragic). thA] buffer saline 0 2 SE7F AH
Link Antibody 2 20837} X 2]t} Buffer salineo. &
58 AE & 47 ddg 98 Streptavidin bio-
tin(LSAB kit; DAKO, Santa Barbara, CA)Z 2057}
Aot o] £eol=g buffer saline 02 T}hA]
A} 3 3+F Mayer's hematoxylin© 2 <34 o g4
S$9. 1 ¥ 2 galol=g § 9o 2y
9% S BSe AT 22 4w 94
= wet - (F4), + (FSA), ++ (FFA), +++
(¥ BF stden 84 € F34E 24
o7 YA H YL dHoE dEstdq FE3
Aot o2l g G Z=g FUA R NF I3
Ag st v HJE At

3 EAEY 24

AR o2 HENTE FEANRE AL
7R 8] 71t0.2 7 QA wE wgHTE
AEATLE H3Hor SAS FAlprograme o] &
gt FASH EAME AL sk BAEFAE D)
ZHTEY E¥XAE,2) ASAN A 7 A%
AR5 ¥y FA{(Univarate analysis), & YA
o] QAE At ¥FE AT dFJAAES F
23t gith 3) AEA T N o FAAEY HF
£ (Multivariate analysis)© 2 Cox’'s proportional
hazard regression model’> & o] §3ta] f-o] 3 F4
& 231 o 4dy 7Y stepwise g wskch
A M5 E WFE o] Rdd XFHAAAM dA5H
o2 7ted FA% EHRFIL old AL w4l
a2 AELY KT 4L Fe UAEL
Frohylo] §3tATh 4) vtA Y Bd2 o FX H(P)
o] F24& 74 a4t o] F o g PIe] RXE
A7F BXE HolA ¢o} sqrt Pl(root PDE LA T
A3} AFEEE A "eA 5) sqrt PIFS £
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A M EPIFO R 3l HELEF O R }yo] Ka-
plan-Meier ¢+ 4-& 23t Proportional haza-
rd model& Z @A 9] Pigte] 2AE 5o &4 &2
o) JEZAE dAstE o o] 83Ut
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1. MOy chagh gxle] &Y

B PF dYL 4554M 01U, ZHYed
EfE WHOS ER/7|E4 oA gslen ¥rie
FIGOH 7)ol o8t 44 sict.”

g2 g $ale o FAAe BEFL 27|l 994
2 51.8%, B7|¢to] 926] 2 482% It 235}
gele dAAol 894(466%), FAAol 769
(39.8%), A3 TFo] 2694(13.6%)] FEXEE B
o 2484 EREE 237} 5042 26.1%0]%
th. 3 g B4t EAT B4 942 51.8%0]
AL F&¥F FE T AND A€ TdE
374%0]2th &4 CA 125¢ CA 19-9%0°] %A
oldd A% 4Z 0%, 41%9 44ES B
g8 FARAe AE GST-pie, MT, ¥ p-glyd
Hd FcE 242 30%, 85%, % 46% 59 £XE
13 GAEe Ho] E A& FASE uPA,
PAI-19] SN EL 77 36%, 35%°] Q1 T nm239} &
HEL 57%°] Y ch.(Table 1, 2)

o] a}3 A| 7} 2% (second look operation)2 529 o]
A Ngstgen oAFANEEA ZHEH
2 FAHL7AE 8 BAEE 1594(28%)01U 1, &4
278 B A$E 74NNt S4LHE
B3 3748 AF A 7942 APLES 18%
oltt B 33 7|7HE 5227890

2. EAZiof| oyt Zt o FAXEL CHAR B

A(Univariate analysis)

gdF £443 dH(p=0.0001, relative risk(R
R)=1.058), ZA%H gg F FIHA B¢
(p=0.0123, RR=2.089), H 7](p=0.0001, RR=11.46), 5=
& ¥ B& 399 §5(p=0.0001, RR=9.275), =3
235 (p=00029, RR=61395), B+ & #F
(p=0.0001, RR=3.388), #<#d 3#EI12W FE
(p=0.0188, RR=0.829), +& A CA 125% =(p=0.0418,

RR=4.578), MT(p=0.0024, RR=3.841), uPA(p=0.0032,
RR=5.045), PAI-1(p=0.0592, RR=4.035)%-°] B A&

Table 1. Patients characteristics-1 (n=191)

Age:continous(Mean * SD) 4551148 yrs
Stage
Tand I 99(51.8%)
Il and IV 92(48.2%)
Histologic type
Mucinous 89(46.6%)
Serous 76(39.8%)
Endometriod 26(13.6%)
Grade
Borderline 27(14.1%)
I 60(31.4%)
I 54(28.3%)
1 and IV 50(26.1%)
Ascites
No 92(48.2%)
Yes 99(51.8%)
Residual tumor
No 119(62.6%)
Yes 71(37.4%)

Mean follow-up: 52.2 months

Table 2. Patients characteristics-2 (n=191)

CA 125(n=114)

< 35 U/ml 34(30%)

> 35 U/ml 80(708%)
CA 19-9(n=113)

< 37 Ufml 67(59%)

> 37 U/ml 46(41%)
GST-pie(n=74)

Negative 52(70%)

Positive 22(30%)
MT(n=74)

Negative 11(15%)

Positive 63(85%)
p-glycoprotein(n=74)

Negative 40(54%)

Positive 34(46%)
UPA(n=80)

Negative 51(64%)

Positive 29(36%)
PAI-1(n=80)

Negative 52(65%)

Positive 28(35%)
nm23(n=80)

Negative 119(62.6%)

Positive 71(374%)

11.646 £ 1.669
316.758 + 107.815

Hgb: continous(Mean * SD)
Platelet: continous(Mean * SD)

Mean follow-up: 52.2 months

GST: glutathione-s-transferase, MT: mdtallothionein,

uPA: urokinase type plasminogen activator, PAI-1: plasminogen
activator inhibitor-1

nm23: nonmetastatic gene 23

- 176 -



Ho2 frofdt dFAA ol3Ach(Table 3, 4, 5)

3. YEAZ ohE I Y oiXtEel clak
24(Multivariate  analysis: Cox  proportional
hazard regression model)

o $4 A A%(p=0.0006, RR=1.039),
233 el (P4 Ap=0.0448, RR=0.538, #A}7 W%}
%p=0.0077, RR=0.198), ®7]|(p=0.0076, RR=4.744),
F&3 A& F3)9 27)(p=00557, RR=2.343), %)
#3 £(p=0.0332, RR=3.926), ¥9] #5(p=0.0316,
RR=2.014)F 9] 67} «¥A7} EA%H ez &
o&qict 3H FIREAED L AEGH oFel
A gEd EAsdME 2EAAT F98

339 9

ou g 2423 §9% AAE FUE AN
t}(Table 6, 7)

4. of| x| E(Prognostic Index: Pl)

tidig B4 F stepwise Cox’s proportional hazard
modelg o] &% B4 o] 9§ beta-coefficient t-2
27] 6712 43U YEE H A= Gy 7}
& el #4532 PI= SUM(beta-coefficient x
prognostic factor)e] F4 o2 el 4 gt} o
A B ATFoA 9 PIge T3 2ol YErd 4 9)
t}.(Table 8)

PI=(0.038712 X Age) + (1.556868 if Stage II&IV) +
(-0.619756 if Serous) + (-1.620780 if Endometrioid) +

Table 3. Univariate analysis of proportional hazards model (I)

Variables Categories B ~oefficient Standard error Relative risk p-value
Age continous 0.055981 0.01011 1.058 0.0001
Histology mucinous 0
sefous 0.736659 029413 2.089 00123
endometriod -0.253150 0.55067 0.776 0.6457
Stage Tor I 0
HI or IV 2.438859 041430 11.460 0.0001
Residual tumor O(absent) 0
1(present) 2227311 0.32547 9275 0.0001
Table 4. Univariate analysis of proportional hazards model (II)
Variables Categories B -coefficient Standard error Relative risk p-value
Grade Borderline
I 0741714 0.64626 21 02511
I 1526839 0.62154 4,604 0.0141
II and IV 1.855518 0.62200 6.395 0.0029
Ascites No 0
Yes 1.220244 031275 3.388 0.0001
Hgb Continuous <0.187513 0.07981 0.829 0.0188
Platelet Continuous 0.001022 0.00168 1.001 0.5420
Table 5. Univariate analysis of proportional hazards model (III)
Variables Categories B -coefficient Standard error Relative risk p-value
CA 125 >35 U/ml 1521268 0.74753 4578 0.0418
Ca 199 >37 Ufmli 0.161596 047511 1175 0.7338
GST-pie 4+ 0.193 0475 1213 0.6837
MT [+ 1346 0.443 3841 0.0024
p-glycoprotein Hh[4t -0.431 0421 0.650 0.3058
UPA 4+ 1618 0.548 5.045 0.0032
PAI-1 +H[+H++ 1.395 0.739 4035 0.0592
nm23 1+ 0.622 0474 1.863 0.1897

GST: glutathione-s-transferase, MT: mdtallothionein,

uPA: urokinase type plasminogen activator, PAI-1: plasminogen activator inhibitor-1

nm23: nonmetastatic gene 23

- 177 -



-3 dad 829 AFANEE ol & HEE 42-

(0.645027 if Grade Iy + (0.989866 if Grade II) +
(1367741 if Grade IN&IV) + (0.851450 if RT is
present) + (0.700263 if Ascites is present)

o2 E9 544, serous cancer, ¥ 7|7} 7], 23
E3E grade I, B4:(+), €% &7 gl&
af o] #ztel PIghE A7) F4d 23l 5095564
2 Yehflo] A

7} gate] PIgte] & ¥ & Table 99} Zgtow o
Y £X ¢ A £EJ} oholM Z PIgtol rootE
A %e At £XE B B ApdME 4 Pig
o rootg H& g& Prgto2 3ol 5%k (Table 9)

5 Prafol we M=Eg oA

PIgre] Wi go wE& AEEL Table 103 Fig.
12 2keh Prgko]l 10%9 120740 4 o] Aoha 9
& 1ol2} 319 e o 59 oA B8-S 789%
o] 50%3 PIEL 185572 AdH SP=:=
19120 59 47 AEEL 34.7%0IU E=F

Aol g tgst] AAS FEAAARE g
W A G2t AA o2 stA g2 vepdo
€ Aot} ol & YL 3oz ¥y, o
22283 g, 23 £k, e F IAE 39
o A7 T Y L Wy 470 o] REHO
2 gigaEh oy oj @ 44 HalgAd &
A5 48 € gegy o $ 22K (clinico-pathologic
prognostic factors)E2 A7} glow] x| g oA ¢
AR fi2e oL o Faddn 47 sHe
Hoh o A& 39 dFE oAde AR F
=Y AFUXE w37 A A7/ IYgHT ¢

Table 8. Definition of prognostic index (PI)

PI= X' ( B-coefficient x prognostic factor)n

Ex) (0.038712 X Age) + (1.556868 if Stage II&IV) + (-0.619756 if
Serous) + (-1.620780 if Endometrioid) + (0.645027 if Grade I) +
(0.989866 if Grade II) + (1.367741 if Grade [I&IV) + (0.851450 if RT
is present) + (0.700263 if Ascites is present)

* Example
) [+) 4 ) o 7 z 9o
90% <1 %Z}{T‘L'] PI'gtE 2.4594 ]9‘1"" A -r]'@ Prognostic Index (PI) Outcome  Contribution to PI
A 00
T 3497011 59 A AEEL 7.1%0|t} = (0038712 X Age) 54 2.090448
+ (1556868 if Stage I or IV) Yes 1.556868
+ (0.851459 if Residual tumor positive) No 0
v __L,. § + (1367741 if Grade I or IV) Yes 1367741
. + (0.619756 if Serous) Yes 0.619756
+ (0.700263 if Ascites (+) ) Yes 0.700263
A4 dagte 5439 dus JEGHA 4 Toul I = 5095364
Table 6. Multivariate analysis of proportional hazards model (I)
Variables Categories B -coefficient Standard error Relative risk p-value
Age continous 0.038721 0.01127 1.039 0.0006
Histology mucinous 0
serous -0.619756 0.34797 0.538 0.0448
endometriod -1.620780 0.60859 0.198 0.0077
Stage Torll 0
I or IV 1.556868 0.58300 4.744 0.0076
Residual tumor O(absent) 0
1 (present) 0.851450 0.44496 2.343 0.0557
Table 7. Multivariate analysis of proportional hazards model (II)
Variables Categories B ~coefficient Standard error Relative risk p-value
Grade Borderline
1 0.645027 0.68363 1.906 0.3454
I 0.989866 0.65508 2.691 0.1308
HI and IV 1.367741 0.64233 3926 00332
Ascites No 0
Yes 0.700236 032576 2014 0.0316

CA 125, CA 199, GST-pie, MT, p-gly, uPA, PAI-1, nm23, Hgb

Platelet; non-significant

- 178 -



. g A2 EAAE QNG ALsE
AL ABH o2 B AE AYEE Jd gl
zk R Ao gk dj¢ Fasd

AN Z2E o FA7E S M=o JaHez o
$H8d o33 2 1A 2ol 2T €
1) o] Az FHo] A o] &5t AAA o
dojok 81, 2) o] AR dF A=} 7]&9 o
& o FARE Folof 31, 3) o]HF AR F
o] gyl o] &5 YFATt A ols 3t
A7 7Hs st gxtol A o] Ho] dojok da, 4) 9
A7 FHH ¥ AR AFH dFoM 59
sojof #th O aty] v o BApel N &g
g& F A0E d4HE dA¥HEE, FSEA
2, AETH oS Ui 98 71A 9 49
F AA g 242 go| doig. &3 &
S F ZE FHY A M FAF o4 F AR
2 3ol g, a8y $¢ A 2% 24 &9
HEgto] ¥ & FAHE e oYLk F FF
4 T4 A e AEFHQ d57}
A% & dsed i 32500 4 744 4%
AAE Al 43 Od¥F 24 Multivariate
analysis) 23} A 7149 709 AFB 1] 93
Bzke] A, W), 4%, GAX E3}E, ¢
2% e, 4 FH9Y A7), YA FF AEF
79| A7), dgA FF, 74 AEEXI Y 9%
A £4 Fol 7HF del g o F AAE 9

339 9

t}. Meta-analysisZ o] ] 5}9 cis-platin] Z 3ot
o] Rt W Mg ST EH AF AR &
g4 glh?

FYRAEAZE CA-1258 98 o] &3t uhy
o2E ¢ A CA15% Y9 55, o8] H FUA
€ FA% F9 vx w3, ugr] Fol #2449 49
o 2y AV Avke Bl Yoy 9z
7t %e o] ot

T B4 AETY &5 HHoR ATy
of = ol A F F4ol nxH
of @AY FAE oleF HEEA oF Ao O
& A77 @23 AgHT Y oz e 44
X9 FXo #A =¥ Flowcytometry(FCM) & o] &
%t DNA ploidy, S-phase fraction, QM| X 2] A& o]
BAste ¢ FAAA B AN 2 2 F44
% Epidermal growth factor receptor(EGFR), HER-
2/neu, Estrogen receptor(ER), Progesterone recep-
torPR) 573 o A §4 A4 ps3, Bek2 5
03 MERE F79 BASE d9d p,
pl5, p16, cyclin D S0l %] A& 2L Holo T
ASHE AAT F Cathepsin D, urokinase activated
plasminogen activator(uPA), plasminogen  activator
inhibitor(PAL) 57o|t}t. Eg HIol: B A%

nl
3
g
g
Table 9. Percentile values of PI and SQRT PI ‘g
Percent(%) PI value S g
0 0115772 0340253 3
10 1457615 1207393 -
25 2.085633 1.445838 ~
50 3.443762(+1.7555)  1.855738(10.4733) i '1 2 3 g
75 5027171 2232645 Log(Years)
90 6.098779 2459418
100 7156696 26752 Fig 1. Survival rate for percentile values of prognostic
Median 3443762 1.8557376 index (PI)
Table 10. Survival rates for percentile values of PI
% Sqrt Pl range RR 1 2 3 4 5
0-10 Up to 1.2074 1 89.5 84.2 842 789 78.9
10-25 1.2074-1.4458 1.269 893 82.1 78.6 714 714
25-50 1.4458-1.8557 1912 796 63.3 59.2 388 347
50-75 1.8557-2.2326 2.788 63.8 55.3 532 4.7 340
7590 2.2326-2.4594 3497 143 143 71 7.1 7.1
90-100 24595 and up 4.340 10.5 0 0 0 0
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A&}t & cytokines Fo] EAdE di ¢4 B
Yol A o] A% e JAUAE Wiles =¥
o] AF=H1 g}

dage] gy F 7MY F28 FES gAX
o] Mol 9 Af, el A NG E A=
gotale] dig WA ol

2 A7 Agg BE4E F 9T BYA
F3AD BEGA HFAAE Glutathione-S-tra-
nsferase(GST), Metallotionein(MT) Fo]2 ¢A ¥ A
old #AZE EH F ¥ AL uPA PALL F
AT, e HEAH FAAXE F PUA
WAel BASE &4, Aol 2 =& JAHEA, A
2z}, W 24 Fo| Ao g,
a3y o] AFUAEN g AT AYd
AR 2 F& oz F A7V ol
o2 ol JFARE #e HEEE P
dZFan x5 /MYUSE Hstde YR AL
oAMe] AgH A7 € thiF E4%e] 4532
2 ugetof 284 WY 4 A& e Atgdr

getA ol g 7tA] ¢ SYUFE o] &3t
o) ¥ A] ¥ (prognostic index)& WEo] #xto HEH
S A3 vl otk ol HE Wyol &
o] A g AAE S A7lE d o 788
& = g

2 A7y AnE FEAE 494 ¢4
Ao HEEL A FAH A s
oJAL A FAF| HEZ T S &R oY
2} proportional hazard model2 2 AZ ¥ o7 I
dME o]y A3t}

£ d7A9 Plo] o B4 ey @4
2 adx= g 9 #(91d)E EAI}AUR
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