Available online at www.sciencedirect.com
c’pﬁ
< 00 . .
°,? ScienceDirect

Cancer Letters 251 (2007) 164-167

CER

www.elsevier.com/locate/canlet

Hypoxia inducible factor 1-a expression as a factor predictive
of efficacy of taxane/platinum chemotherapy
in advanced primary epithelial ovarian cancer

Hidekatsu Nakai, Yoh Watanabe *, Haruhiko Ueda, Hiroshi Hoshiai

Department of Obstetrics and Gynecology, Kinki University School of Medicine, 377-2 Ohno-Higashi Osakasayama, Osaka 5898511, Japan
Received 12 September 2006; received in revised form 18 October 2006; accepted 16 November 2006

Abstract

To investigate the impact on survival of HIF 1-a expression on primary advanced epithelial ovarian cancer (EOC), we
examined the correlations between prognosis and HIF 1-a expression by Western blot analysis in 52 cases of stage III/IV
EOC. HIF I-a expression was confirmed in 36 cases (69.2%) of EOC, and HIF 1-a-expressing tumors had a significantly
higher rate of response (p <0.01) to postoperative paclitaxel/carboplatin combination chemotherapy (TC) than tumors
without HIF1-a expression. Moreover, patients with HIF 1-a-expressing tumors with suboptimal resection of stage 111/

IV tumors indicated for postoperative TC exhibited significantly better survival (p < 0.01).

© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Hypoxia inducible factor 1-a (HIF 1-o) has been
reported to be an important predictor of tumor pro-
gression for several types of solid cancers [1-5].
However, although several in vitro studies have
reported correlations between HIF 1-a expression
and cell biological features in ovarian cancer, study
of the clinical significance of HIF 1-a still has been
limited [6]. To determine the clinical usefulness of
HIF 1-a expression in treatment of primary epithe-
lial ovarian cancer (EOC), we examined whether

* Corresponding author. Tel.: +81 72366 0221; fax: +81 72368
3745.
E-mail address: watanabe@med.kindai.ac.jp (Y. Watanabe).

HIF 1-o expression can predict effects of postopera-
tive induction chemotherapy and long-term progno-
sis in patients with stage III/IV advanced EOC.

2. Materials and methods

The study included 52 cases of stage III/IV EOC.
Fourteen patients underwent optimal resection (residual
tumor <1 cm), while 38 patients underwent suboptimal
resection at primary surgery. Furthermore, all patients
with suboptimal resection had measurable disease usable
for determining direct effects of TC. The clinicopatholog-
ical characteristics of patients did not differ significantly
between optimal resection and suboptimal resection as
summarized in Table 1. All of the patients were indicated
for postoperative TC (175-180 mg/m? paclitaxel and a
dose of carboplatin an area under the concentration curve
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Table 1
Correlations between HIF-1 a expression and clinicopathologic
factors

Factors HIF-1 o positive ~ HIF-1 a negative
Total number of 36 16
cases
Mean ages (range) 57.9 & 8.2 years 57.2+ 7.3 years
(34-84) (39-73)
FIGO stage (%)°
Stage III 31 (68.9) 14 (31.1)
Stage IV 5(71.4) 2(28.6)
Histologic subtype (%)
Serous 19 (65.5) 10 (34.5)
Endometrioid 7(77.8) 2(22.2)
Mucinous 3 (60.0) 2 (40.0)
Clear-cell 7 (77.8) 2(22.2)
Histologic grade (%)°
Grade 1 13 (68.4) 6 (31.6)
Grade 2 10 (71.4) 4 (28.6)
Grade 3 6 (60.0) 4 (40.0)
Surgical status (%)
Optimal surgery 9 (64.3) 5(35.7)
Sub optimal 27(77.1) 11 (28.9)
surgery
Overall response rate of postoperative chemotherapy (%)
18 (66.7) 5(45.5)"

Complete response rate of postoperative chemotherapy (%)
13 (48.1) 2(18.2)7

# HIF, hypoxia inducible factor.

b FIGO, Federation of International Gynecology and
Obstetrics.

¢ Not including clear-cell carcinomas.
" p<0.01,

by Calvert’s formula of 5-6). Direct effects of chemother-
apy were assessed using the World Health Organization
criteria. HIF 1-o expression was determined by Western
blot analysis using anti-HIF 1-a (Novus Biologicals, Lit-
tleton, CO) for stocked fresh-frozen tissues, and if an

Lane | Lane 2 Lane 3

Marker

independent positive band in the region of 120 kDa was
confirmed on quantification using NIH image analysis,
it was taken to indicate HIF 1-a expression (Fig. 1). We
obtained fully informed written consent from all patients
prior to obtaining the specimens. We used the chi-square
test and log-rank test for statistical analysis, with p-values
less than 0.05 considered significant.

3. Results

HIF 1-o expression was confirmed in 36 (69.2%) of the
patients with FIGO stage III/IV tumors, and no signifi-
cant correlation was observed between frequency of HIF
1-a expression and patient age, histologic subtype, histo-
logic grade, FIGO stage (IIl or IV), or surgical status
(optimal or suboptimal resection). However, HIF 1-a-ex-
pressing tumors exhibited significantly higher overall
response rate (p <0.01) and complete response rate
(p <0.01) to TC than tumors without HIF 1-a expression
(Table 1). Moreover, HIF 1-a predicted prognosis for nei-
ther the group of all stage III/IV patients nor that with
optimal resection. Although no significant differences
were noted in clinicopathologic characteristics between
patients with optimal and those with suboptimal resection
(Table 2), but among patients in stage III/IV who under-
went suboptimal resection at primary surgery and were
indicated for postoperative TC, those with HIF 1-a-ex-
pressing tumors had a significantly better prognosis than
those with tumors without HIF 1-a expression (Fig. 2).

4. Discussion

HIF 1-a expression in malignant tumors has been
reported as a predictive factor for tumor progres-
sion and a prognostic factor correlated with angio-
genesis. However, HIF 1-a expression in solid
cancers exhibits marked variation among primary
organs in the English literature [1-5]. Generally,
HIF 1-a predicts tumor progression, and HIF 1-a-

Lane 4 Lane 5

+— HIF I-alpha ( 120kDa)

Fig. 1. The expression of HIF 1-a proteins detected by Western blotting. Lane 1: positive control; HCT-116 cell were grown in a chamber
containing 1% oxygen, 5% carbon dioxide, and 94% nitrogen at 37 degree for 3 days. Lane 2: negative control; without primary antibody.

Lane 3 and 4: HIF 1-a positive cases. Lane 5: HIF 1-a negative case.
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Table 2 expressing cancers tend to have a poor prognosis.
Clinicopathologic characteristics of all patients However, Nakayama et al. [6] reported finding no
Factors Optimal Suboptimal relationship between HIF 1-a expression and intra-
Total number of 14 38 tumoral microvessel density, and that vascular

cases

endothelial cell growth factor (VEGF) up-regulated

Mean ages 39.6 + 8.3 years 57.1 £ 7.6 years HIF 1-a gene, though levels of expression of neither

(range) (46-84)

(34-74) gene affected the survival of patients with EOC.

FIGO stage (%)* Furthermore, Birner et al. [7] examined HIF 1-a
Stage 11T 13(92.8) 32 (84.2) expression in 102 cases of FIGO stage I-IV EOC
Stage IV 1(7.2) 6 (15.8) . . R ..

by immunohistochemical staining, reported that

Histologic subtype (%) 68.6% of cases of EOC expressed HIF 1-a, and con-
}S;r;:;emoi " g Eﬁg §0(1(§,24)6) cluded that HIF 1-a protein overexpression also has
Mucinous 1(7.1) 4 (10.6) no impact on prognosis and that response to TC is
Clear-cell 2 (14.3) 7(18.4) independent of HIF l-o expression. However,

Histologic grade (%)° : Escfuin et al. [8] recently found that microtubul.e-ta.r-
Grade 1 6 (50.0) 13 (41.9) geting drugs, such as taxanes, could be effective in
Grade 2 4(33.3) 10 (32.3) down-regulating HIF 1-a protein via effects on
Grade 3 2(16.7) 8(25.8) microtubule cytoskeleton that are correlated with

Mean treatment courses (range) HIF 1-a translation activity. For patients with sub-

5.9 £0.3 course (46) 5.8 £ 0.9 courses optimally resected advanced EOC, survival impact
. (3-6) is closely related to effects of postoperative chemo-
. Mean follow up pe";;‘.i 4(;&2%‘2 months 483 4 26.3 months therapy. Therefore, because paclitaxel may exhibit
(13-135) (8-110) anti-angiogenetic effects through down-regulation

2 FIGO, Federation of
Obstetrics.

of HIF 1-a protein expression, the survival impact
of HIF 1-a expression on EOC may be noted only

International Gynecology and

b Not including clear-cell carcinomas. in patients who are stage III/IV, have undergone
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Fig. 2. Correlation between survival and HIF 1-a expression in stage ITI/IV epithelial ovarian cancer. (A) Progression-free survival in the
group of ali stage ITII/IV patients. (B) Progression-free survival of stage III/IV patients who underwent optimal resection at primary
surgery and were indicated for postoperative paclitaxel/carboplatin chemotherapy. (C) Progression-free survival of stage III/1IV patients
who underwent suboptimal resection at primary surgery and were indicated for postoperative paclitaxel/carboplatin chemotherapy. p-
values were calculated with the log-rank test.
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suboptimal resection at primary surgery, and are
indicated for postoperative TC. Although TC has
been widely used as an effective standard regimen
of chemotherapy for primary or recurrent EOC,
and TC has achieved a 65-75% overall response rate
in several phase 3 clinical trials [9,10], no factors
predictive of TC have been found. The present find-
ings suggest that although expression of HIF 1-o is
not a factor predictive of survival of patients with
early-stage or optimally resected advanced EOC, it
does predict the efficacy of chemotherapy using
TC. Furthermore, determination of HIF 1-a expres-
sion should be useful for devising individualized
treatment regimens for advanced EOC. Clinical tri-
als targeting HIF 1-a treatment using taxanes are
needed to improve the long-term prognosis of
patients with suboptimally resected advanced EOC.
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PIEPOC: A New Prognostic Index for Advanced
Epithelial Ovarian Cancer—Japan Multinational
Trial Organization OC01-01

Satoshi Teramukai, Kazunori Ochiai, Harue Tada, and Masanori Fukushima

A B S T R A C T

Purpose
The purpose of this study was to construct a simple and powerful prognostic index (Pl} of epithelial
ovarian cancer, the PIEPOC.

Patients and Methods
In a retrospective review, data from 768 women with stage | or 1V epithelial ovarian cancer from

24 institutions in Japan were evaluated for clinical features predictive of overall survival. A Pl and
risk groups to predict overall survival after initial surgery were developed using the proportional
hazards regression model.

Results

Of six factors, the four prognostic factors that remained independently significant in the analysis
of a training sample {538 randomly selected patients) were age, performance status (PS),
histologic cell type, and residual tumor size. From the regression function, we derived a Pl = 1 (if
age 70 and above) + 1 (if PS 1 or 2) + 2 {if PS 3 or 4) + 1 {if mucinous or clear-cell) + 2 (it residual
size 0.1 cm and above). Patients were classified into three risk groups (PIEPOC): low risk (Pl 0-2},
intermediate risk (P! 3), and high risk (Pl 4-6). The PIEPOC was equally predictive in a validation
sampie {n = 230), identifying three groups (5-year survival: 0.67 in low, 0.43 in intermediate, 0.17

in high risk}.

Conclusion

Our proposed Pl, the PIEPOC, was predictive in our patient population and may have utility in
clinical practice. Prospective studies would be needed to confirm the prognostic predictive ability
of the PIEPQC for patients with advanced epithelial ovarian cancer.

J Clin Oncol 25:3302-3306. © 2007 by American Society of Clinical Oncology

- . e
Ovarian cancer is the leading cause of death
among female cancer patients worldwide." Al-
though mortality from ovarian cancer in Japan
is relatively low compared with other developed
countries, the mortality and incidence of ovar-
ian cancer in the Japanese population have been
increasing since the 1970s.”

In patients with advanced epithelial ovar-
ian cancer, several studies have identified age,
performance status (PS), histologic cell type,
stage, histologic grade, residual tumor size, and
presence of ascites as independent prognostic
factors.>® A Dutch study group identified PS,
residual tumor size, stage, histologic grade, and
ascites as prognostic factors using data from
two clinical trials.” On the basis of these prog-
nostic factors, Lund et al compared the prog-

nostic index (PI) of Dutch study and a Danish
PI including PS, residual tumor size, age, and
weight or body surface area from a clinical trial
and proposed a final P! including information
on PS and residual tumor size.” Those Pls for
survival were developed for planning of treat-
ment for individual patients and stratifying pa-
tients in further clinical trials.™” Although they
proposed a simple two-covariate Pl after vali-
dating statistical models in two well-defined
independent patient populations, the classifica-
tion method of risk groups according to the PI
was not well specified.” The identification of
different risk groups should have important
therapeutic implications. The purpose of this
study was to develop a better prognostic-factor
model and to construct a simple and powerful
Pl of epithelial ovarian cancer by using data
from a long-term follow-up study.

Information downloaded from jco.ascopubs.org and provided by TOKYO JIKEIKAI IKA DAIGAKU on March 10, 2008 from

202.223.144.130.
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Participants

The study participants were patients with FIGO (International Federa-
tion of Gynecology and Obstetrics) stage Il or IV epithelial ovarian cancer
who were treated with adjuvant chemotherapy after maximal surgical debulk-
ing between 1994 and 2000 at 24 institutions in Japan (Japan Multinational
Trial Organization OC01-01 }.3 In the consecutive series of 880 women, infor-
mation regarding important patient characteristics was not available for 112
patients (68 for PS, 16 for histologic cell type, and 30 for residual tumor size).
Thus, data from 768 women were included in the present study and evaluated
for clinical features predictive of overall survival. The patient characteristics
evaluated for potential prognostic importance were age, Eastern Cooperative
Oncology Group PS, FIGO stage, histologic cell type, histologic grade, and
residual tumor size. The presence of ascites was not assessed because the study
subjects were patients with surgically confirmed stage Il or IV ovarian cancer
and we gave greater importance to the surgical findings than to the ascites itself.
Overall survival was defined as time from the initial surgery until death result-
ing from any cause.

Statistical Analysis

A data set was randomly split into training sample for model develop-
ment and validation sample for model validation for evaluating reproducibil-
ity of prognostic-factor model. The survival curves were estimated with the
Kaplan-Meier method. The univariate association between potential prognos-
tic factors and overall survival were analyzed with the log-rank test. A Pl to
predict overall survival was developed using proportional hazards regression
model with backward elimination methods. Additivity assumption of the
model was verified by the pooled interaction test. We selected the best risk
classification in an attempt to separate the prognosis of patients based on the
Akaike’s information criterion (AIC).?

The model performance was assessed with respect to calibration and
discrimination. Calibration was examined with graphical expressions (calibra-
tion curves) of the relationship between the observed 5-year Kaplan-Meier
estimates of overall survival and the predicted probabilities for each group. We
used bootstrapping with 200 repetitions to obtain relatively unbiased esti-
mates. Discrimination was evaluated with the concordance index (c index),
which is the proportion of all pairs of patients whose survival time can be
ordered such that the patient with the lower risk is the one who survived
longer. '® Statistical analyses were done by using SAS version 9.1 (SAS Institute,
Cary, NC) and S-Plus version 6] (Mathematical Systems Inc, Tokyo, Japan}
with the Design and Hmisc libraries added.

Of 768 patients, 408 patients had died, and the median follow-up
times for all patients or 360 surviving patients were 4.1 year or 4.2
years, respectively. The patient characteristics and the 5-year survival
probability according to the factors are shown in Table 1. All charac-
teristics except for histologic grade were significantly related to overall
survival by the univariate analysis.

We randomly selected 538 patients (709 of all patients) as a
training sample in which to identify independent prognostic factors
for building a model. Prognostic factors that remained independently
significant in the multivariate analysis of the training sample were age,
PS, cell type, and size of residual disease. After combining levels of
factors that appeared to have a similar effect on survival and checking
additivity of eftects by pooled interaction tests (P = .667), the charac-
teristics and categories that remained independently significant were
age (= 69 v = 70 years), PS (0 or v 1 or 2 or v 3 or 4), cell type
(mucinous or clear-cell v others), and residual tumor size (0 v = 0.1
cmy; Table 2). A linear function based on estimated regression coeffi-

www.jco.org

Table 1. Characteristics of 768 Patients and Outcome According to
Patient Characteristics
Owverall Survival
5-Year
Characteristic No. % Survival (%} P
Age, years . .007
=39 50 7 54
4048 181 24 a7
50-59 257 33 45
60-69 191 25 49
=70 89 12 31
Performance status < 001
0 308 40 61
1 293 38 39
2 102 13 24
3 43 6 21
4 22 3 17
FIGO stage < .001
HIA 22 3 79
litB 68 9 59
nc 524 68 48
v 154 20 31
Histologic cell type .022
Serous 505 66 45
Mucinous 56 7 43
Endometrioid 101 13 51
Clear celi 51 7 36
Mixed epithelial 14 2 50
Others 41 5 36
Histologic grade 144
1 121 24 51
2 . 146 29 35
3 235 47 44
Unknown 266
Residual tumor size, cm <2.001
0 {microscopic) 119 16 70
0.1-0.9 129 17 54
1.0-1.8 7 9 51
=20 449 58 35

cients was as follows: 0.448 (if age 70 years and older) + 0.539 (if PS |
or 2) + 0.980 (if PS 3 or 4) + 0.488 (if mucinous or clear-cell) + 0.943
(if residual size 0.1 cm and above). From the weight of variables in the

Table 2. Final Prognostic-Factor Model in the Training Sample in = 538)
Factors Hazard Ratio 95% ClI P

Age, years

=69 1.00 — —

=70 157 1.11102.20 010
Performance status

0 1.00 - —

Tor2 1.71 1.31102.24 < .00

Jord 267 1.79103.96 < .001
Histologic cell type

Others 1.00 — -

Mucinous or clear cell 1.63 1.14102.33 .007
Residual tumor size, cm

0 {microscopic) 1.00 — -

=0.1 2.57 1.67103.95 < ,001

3303

Information downloaded from jco.ascopubs.org and provided by TOKYQO JIKEIKAI [KA DAIGAKU on March 10, 2008 from
202.223.144.130.
Copyright © 2007 by the American Society of Clinical Oncology. Al rights reserved.
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function, we derived a simplified P as follows: P1 = 1 (if age 70 and
above) + 1 (if PS 1 or 2) + 2 (if PS 3 or 4) + 1 (if mucinous or
clear-cell) + 2 (if residual size 0.1 cm and above).

The PI of patients in the training sample was distributed between
O0and3(0,n =46;1,n =31;2,n = 143;3,n = 223;4,n = 88;5,n = 7).
We selected best classification among all possible classification in an
attempt to separate the prognosis of patients with respect to the AIC.
The total number of examined classification was 15, including five for
two categories and 10 for three categories. As a result, patients were
classified into three risk groups, named PIEPOC (PI of Epithelial
Ovarian Cancer): low-risk group (PI 0 to 2), intermediate-risk group
(PI 3), and high-risk group (PI 4 to 6). The PIEPOC was equally
predictive in a randomly selected validation sample (n = 230), iden-
tifying three groups (5-year survival probability: 0.67 in low-risk
group, 0.43 in intermediate-risk group, 0.17 in high-risk group; Fig 1).
If a reference category was the low-risk group, the hazard ratio was 2.29
(95% CI, 1.44 to 3.65) in the intermediate-risk group and 4.87 (95% ClI,
2.97107.98) in the high-risk group. This predictability was reproducible in
all patients (Fig 2A) and stage 1Ilc or IV patients (Fig 2B).

The PIEPOC was well calibrated to predict 5-year survival in the
all patients, although overestimation (3.0% in the low-risk group) and
underestimation (0.8% in the intermediate-risk group and 1.3% in
the high-risk group) were abserved (Fig 3). The calibration curve was
similar to that both in the training sample and the validation sample.
The estimated ¢ index in the training sample, the validation sample,
and all patients were 0.63, 0.67, and 0.64, respectively. The c index
for the Pl (0 to 6; seven groups) was 0.65 in all patient; thus, the
difference of ¢ index between the Pl and the PIEPOC (three groups)
was only 0.01.

We developed a PI to differentiate risk groups among advanced epi-
thelial ovarian cancer on the basis of demographic, clinical and patho-

— Low
- Intermediate
e High

Survival Distribution Function

T T T T T T

0 1 2 3 4 5 6 7 8

Time Since Operation {years)

No. at Risk

Low 90 83 70 55 39 24 17 8 4
Intermediate 91 75 60 a7 35 20 10 4 2
High 49 29 17 13 8 6 3 2 1

Fig 1. Survival curves according 1o risk group based on PIEPOC, a new
prognostic index of epithelial ovarian cancer, in the validation sample. Bars
indicate 95% Cls.
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- High
0 1 2 3 4 5 6 7 8

Time Since Operation {years}

No. at Risk

Low 306 282 240 186 126 83 50 3 14

intermediate 306 249 206 149, 94 58 30 12 4

High 156 97 58 40 - 22 15 9 ) 1
1.0 A
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0.6

0.4
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o Low
- Intermediate
e High

Survival Distribution Function

T T T T T T T T

0 1 2 3 4 5 6 7 8
Time Since Operation {years)

No. at Risk

Low 262 232 195 150 929 62 33 21 "
Intermediate 286 234 192 139 86 51 27 n

High 140 85 49 33 18 12 6 3 1

Fig 2. Survival curves according to risk group in {A) all patients and (B} stage |1IC
or IV patients. Bars indicate 95% Cls.

logic characteristics of patients. Accuracy of the simple risk group
model was statistically evaluated with respect to discrimination and
calibration and reproducibility of the model was accessed by data-
splitting method.'® Analyses for prognostic factors in advanced epi-
thelial ovarian cancer have been carried out since the late 1980s. The
Gynecologic Oncology Group in the United States performed a prog-
nostic factor analysis using data from six clinical trials (n = 2,123) and
identified age, PS, and residual tumor size as independent significant
factors for predicting survival.> A Dutch study group identified PS,
residual tumor size, FIGO stage, histologic grade by Broders’ classifi-
cation, and ascites as prognostic factors using data from two clinical
trials (n = 268).” On the basis of the analysis by the Dutch study group,
Lund et al compared the PI of Dutch study and a Danish P including
PS, residual tumor size, age, and weight or body-surface area from a
clinical trial (n = 301) and proposed a final simple PI including

JOLRNAL OF CLINIZAL ONCOLOGY
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Fig 3. Calibration curve for Syear survival in all patients. x, bias-corrected calibration,

information on PS and residual tumor size.” However, they have not
proposed the classification method of risk groups according to the P1.
Our proposed Pl includes the major prognostic factors (age, PS, and
size of residual disease) and histologic cell type, and we could develop
the PIEPOC based on the three risk groups from the Pl without loss of
discrimination ability (difference in ¢ index, 0.01). Because many
unknown values might aftect the statistical power for detecting the
prognostic significance of histologic grade, that was not a significant
prognostic factor in the univariate analysis (Table 1). FIGO stage was
not asignificant independent factor in the multivariate analysis (Table
2) because the factor was highly correlated with PSand residual tumor
size. As a result, those two factors were not included in the PIEPOC
model. It seems that PS is the strongest prognostic factor and has
similar discrimination ability to that of the PIEPOC itself. The ¢ index for
PS(0,10r2,30r4) was0.61 in all patients, and thus the difference on the
¢ index was 0.03 between the PIEPOC and the PI including only PS.
The standard treatment of primary ovarian cancer is internation-
ally considered maximum surgical cytoreduction followed by
platinum-based chemotherapy.'' In our cohort, the patients were
treated with paclitaxel + cisplatin/carboplatin (3096), cyclophospha-
mide + doxorubicin + cisplatin (26%), cyclophosphamide + cispla-
tin/carboplatin (119%), cisplatin + carboplatin (4%), cisplatin +
irinotecan (2%), docetaxel + carboplatin (2%), or other regimens
including single agent or other combinations (25%). Although a vari-
ety of treatment regimens have been used in the study period and the
heterogeneity of treatments is a limitation of this type of study, most
regimens may be considered standard chemotherapy in advanced
ovarian cancer during the study period. Additionally, the 5-year sur-
vival probabilities in patients with the platinum-based regimens
(n = 332) were 0.60 in the low-risk group, 0.41 in the intermediate-
risk group, 0.22 in the high-risk group. If a reference was the low-risk
group, the hazard ratios were 1.83 (95% CI, 1.32 to 2.54) in the
intermediate-risk group-and 4.38 (95% ClI, 2.92 to 6.57) in the high-
risk group. The 5-year survival probabilities in patients with the
paclitaxel-platinum combination regimens (n = 229) were 0.79 in the
low-risk group, 0.37 in the intermediate-risk group, 0.08 in the high-
risk group. Ifa reference was the low-risk group, the hazard ratios were
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3.27 (95% ClI, 1.82 to 5.88) in the intermediate-risk group and 9.32
(95% CI, 5.04 to 17.2) in the high-risk group. As a result, the PIEPOC
would also have predictive ability in the both treatment groups.

A meta-analysis reported that the median survival time ranged
from 12 months to 62 months and that the mean weighted median
survival time was 29 months among patients with stage 11l or IV
ovarian carcinoma.'? On the other hand, the survival time in our
Japanese cohort was relatively longer than that in the Western popu-
lation (median, 49 months; 95% CI, 40 to 55 months). One of the
reasons there was a difference in survival time is that the vear of the
study period was relatively old in the meta-analysis (publication year
1989 to 1998) in comparison with the present study (operation year:
1994 to 2000). Thus, we may say that the Japanese population in our
study is comparable to the Western population in terms of the simi-
larity of administered treatments and long-term prognosis as well as
identified prognostic factors.

The definitions of accuracy and generalizability with regard to
assessment of a prognostic system have been discussed."* Accuracy
(calibration and discrimination) is the degree to which predictions
match observed outcomes. [n the present study, although the errors in
calibration were relatively small (0.8% to 3.0%; Fig 3) for 5-year
survival probabilities, the discrimination based on ¢ index was not
very gratitying (0.64 in all patients). Although discrimination ability
tends to be improved on more complex risk group models, we selected
the simple risk group model because of making much account of
generalizability. Generalizability (reproducibility and transportabil-
ity) is the ability of a prognostic system to provide accurate predictions
in a new sample of patients. Reproducibility requires the system to
replicate its accuracy in patients who were not included in develop-
ment of the system but who are from the same underlying popula-
tion.”” We evaluated the reproducibility by using data-splitting
method because we had relatively large data sets. It might be reason-
able to suppose that our classification is simple and reproducible
without loss of discrimination ability because the best ¢ index for a P1
based on a six-covariate full model was 0.68 in all patients and the gain
of discrimination ability was relatively small. Transportability requires
the system to produce accurate predictions in a sample drawn from a
different but plausibly related population or in data collected by using
slightly different methods from those used in the development sam-
ple."* The PIEPOC needs to be prospectively studied for transportabil-
ity in other study populations.

In conclusion, by using data from a long-term follow-up study,
we developed a prognostic-factor model which was a simple and
powerful PI of epithelial ovarian cancer , the PIEPOC. In two separate
samples, the PIEPOC was effective in discriminating the risk of recur-
rence by categorizing patients into three risk groups: high, low, and
intermediate risk. The PIEPOC may be a useful tool for the selection of
appropriate treatment options for patients at risk of recurrent disease.
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