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Purpose: A meta-analysis of randomized trials in ad-
vanced ovarian cancer showed a longer survival with cyclo-
phosphamide, doxorubicin, and cisplatin (CAP) than with
cyclophosphamide and cisplatin (CP; P = .009). In contrast,
the results of the large International Collaborative Ovarian
Neoplasm Study (ICON2) showed no survival difference
between CAP and carboplatin (P = .98). In this article, we
show how these discrepant results can be reconciled
through the estimation of expected survival curves.

Materials and Methods: A proportional hazards model,
fitted to the meta-analysis data, was used to construct
the expected survival curve for each treatment arm of the
ICON2 trial. Expected survival curves were compared with
observed survival curves in the ICON2 trial at all time points
using a nonparametric test.

Results: The prognostic model for survival obtained in
the meta-analysis included extent of residual disease, age,

FTEN, THE results of different studies addressing similar
therapeutic questions yield conflicting results, which
makes it difficult to draw any definite conclusion about the
therapies under investigation. For instance, one experiment may
show survival benefit from a certain therapy, whereas another
similar experiment may fail to do so. Meta-analysis has been
advocated as a way to combine evidence from several experi-
ments addressing the same therapeutic question.® Critics of
meta-analysis have pointed out that results of trials were some-
times contradicted by those of subsequent large confirmatory
trials.>® Although this observation invalidates neither the meta-
analysis nor the randomized trial, contradictory results are
unsettling and deserve to be investigated further.*® Inthis article,
we consider such a situation in advanced ovarian cancer.
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histologic grade, and International Federation of Gynecol-
ogy and Obstetrics stage. When this model was applied to
the ICON2 data, there was no difference between the ex-
pected and observed curves in the CAP arm. In contrast, the
observed survival curve for carboplatin was far superior to
the expected survival curve for CP (P < .01).

Conclusion: These analyses provide indirect evidence
that better results are achieved with carboplatin alone at an
optimally tolerated dose, compared with the CP combina-
tion at a cisplatin dose of 50 to 60 mg/m?2. The expected
survival may provide valuable insight when direct compar-
isons between randomized groups yield discrepant results
across different studies.

J Clin Oncol 21:1682-1687. © 2003 by American
Society of Clinical Oncology.

A meta-analysis was undertaken in 1989 to evaluate the role
of anthracyclines in the treatment of women with advanced
ovarian tumors. Six randomized trials compared a standard
regimen consisting of cyclophosphamide and cisplatin (CP) with
cyclophosphamide and cisplatin plus the anthracycline doxoru-
bicin (CAP). The meta-analysis of these trials, which is based on
individual patient data supplied by the principal investigators,
showed that CAP yielded a higher rate of tumor response and a
longer survival than CP.® These results, which seemed to warrant
the use of anthracyclines in the treatment of advanced ovarian
cancer, led to amultinational randomized trial that was started in
1991 to compare CAP (the better regimen in the meta-analysis)
with carboplatin aone. In this trial, known as the Second
International Collaborative Ovarian Neoplasm Study (ICON2),
carboplatin was chosen instead of CP because it was believed
that an optimally tolerated dose of a single-agent platinum would
give results similar to those of platinum-based combinations.” In
addition, carboplatin (the most widely used platinum salt in the
United Kingdom) was likely to have an efficacy similar to that of
cisplatin, with far less toxicity.?

An update of the meta-analysis, performed after a median
follow-up of more than 10 years in the four larger trials,
confirmed the survival benefit of CAP over CP (hazard ratio
[HR] = 0.84; P = .009).° In contrast, the results of the ICON2
trial, after a median follow-up of approximately 2.5 years,
showed no survival difference between CAP and carboplatin
(HR = 1.0; P = .98).° An obvious explanation for these
apparently conflicting results is that single-agent carboplatin, at
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Table 1. Main Characteristics of the Trials in the Meta-Analysis® and of the ICON2 Trial'®

Characteristic Meta-Analysis ICON2
No. of frials 4 1
No. of countries 3 9
No. of patients 1,197 1,526
Accrual period April 1980-November 1986 January 1991-July 1996
Median follow-up of alive patients, months 126 30

Treatment doses in CAP arm, mg/m?

Treatment doses in CP or carboplatin arm

Cyclophosphamide, 500-650
Doxorubicin, 40-50

Cisplatin, 50-60

Cyclophosphamide, 500-1,000 mg/m?

Cyclophosphamide, 500
Doxorubicin, 50

Cisplatin, 50

Carboplatin, 5 (GFR + 25) mg*

Cisplatin, 50-60 mg/m?

Abbreviations: CAP, cyclophosphamide, doxorubicin, cisplatin; CP, cyclophosphamide, cisplatin; GFR, glomerular filtration rate; ICON2, Second International

Collaborative Ovarian Neoplasm Study.
*Formula from Calvert et al.™

an optimally tolerated dose, is better in terms of overall survival
than cyclophosphamide combined with cisplatin at the dose of
50 mg/m?. However, there are alternative possible explanations
for the discrepancy, including differences in prognostic mix
between the two patient series, imbalances with respect to
important prognostic factors in either series, shorter follow-up
time in the ICON2 trial, better treatments after disease progres-
sion in the more recent ICONZ2 trial, unreliability of the results of
either the meta-analysis or the ICON2 trial, or simply the play of
chance. Therefore, without additional analyses, there may be
doubts about the proper interpretation of the discrepancy. In this
article, we show how the discrepancy can be explored through
the estimation of the expected survival that takes into account
patient prognostic features in both the meta-analysis and the
randomized trial.

MATERIALS AND METHODS

Patient Data

We used individual patient data from the meta-analysis and from the
ICON2 trial, both of which are described in detail in previous publica-
tions.®21° All patients were considered in the present article, whether
eligible or not and whether properly treated or not. Items requested for every
patient included baseline clinical characteristics (patient identification, insti-
tution, date of random assignment to treatment, age, performance status [not
available in ICONZ2], extent of residual disease after debulking surgery,
histologic cell type, histologic grade (cell differentiation), and International
Federation of Gynecology and Obstetrics [FIGO] stage), treatment assigned
by randomization, and the outcome of interest (date of death or last visit and
survival status). Survival time was considered from the day of random
treatment assignment to the day of death regardless of the cause of death.
Table 1 compares some characteristics of the meta-analysis® with the ICON2
trial.X° The dose of carboplatin in the ICON2 study was determined using the
area under the curve method of Calvert et al* to find the optimally tolerated
dose for each patient.

Statistical Analysis

All analyses were based on individual patient data using an intent-to-treat
approach. Observed survival curves were estimated using the product-limit
method and compared using the log-rank test, as in the original publications
on the meta-analysis and the ICON2 tria.®° For the meta-analysis, the
log-rank test was stratified by trial. A proportiona hazards regression model
was fitted on the data of the meta-analysis, starting from the full model with
all baseline characteristics and treatment, and eliminating covariates from the
model using a step-down procedure.*? Patients with missing values for the

retained covariates were excluded from the estimation of the model param-
eters. The model was then used to construct the expected survival curve for
each treatment arm of the ICON2 tria; that is, the curve one would have
observed if the estimated model were correct and the mortality rate of the
corresponding treatment arm of the meta-analysis were operating.*>** The
expected survival curve was calculated by integrating the expected hazard
rate over time, with the expected hazard rate at time t defined as the average
of the hazards of al individuals who were still under observation at that
time.**® The expected survival curve was compared with the observed
survival curve at each time point through a nonparametric test.’® A
Kolmogorov-Smirnov type test was used to assess the overall significance of
any difference between the observed and expected curve.” The level of
statistical significance was set at P = .01.

RESULTS

Observed Survival Curves

Figure 1 shows the survival curves for CP and CAP in the
meta-analysis. The difference between the curves was statis-
tically significant (HR = 0.84; P = .009). Figure 2 shows the
survival curves for carboplatin and CAP in the ICON2
trial. There was no apparent difference between the curves
(HR = 1.00; P = .98).

Prognostic Model for Survival

Table 2 shows the distribution of prognostic factors in the
meta-analysis and the ICON2 trial. The prognostic mix differed
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Fig 1. Observed survival in the cyclophosphamide, doxorubicin, and cisplatin

(CAP) and the cyclophosphamide and cisplatin (CP) arms of the meta-analysis (P =
.009; thick line, CAP; thin line, CP).
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Fig 2. Observed survival in the cyclophosphamide, doxorubicin, and cisplatin

(CAP) and carboplatfin arms of the Second International Collaborative Ovarian
Neoplasm Study (P = .98; thick line, CAP; thin line, carboplatin).

somewhat between the meta-analysis and the ICON2 trial, but
treatment arms seemed to be well balanced with respect to all
prognostic factors in both patient series. When al patients
included in the meta-analysis were used, the prognostic model
for survival included the following factors (P < .01): extent of
residual disease (HR = 1.54; SE = 0.08), age as a continuous
variable (HR = 1.018; SE = 0.003), histologic grade (HR =
1.17; SE = 0.06), FIGO stage (HR = 1.36; SE = 0.12), and
treatment (HR = 0.83; SE = 0.06). Performance status was also
significant (P < .01) but was not retained in the model because
it had not been collected in the ICON2 trial. No interaction term
between any of the factors was statistically significant. Of the

Table 2. Main Patient Characteristics in the Meta-Analysis® and the

ICON2 Trial'®
Meta-Analysis (%) ICON2 (%)
CAP CcpP CAP Carboplatin
(n = 590) (n = 608) (n = 766) (n = 760)

Age, years

< 55 44 45 34 32

55-65 38 39 35 36

> 65 18 16 31 32
Extent of residual disease

No residual disease 16 15 31 31

=2cm 39 39 25 24

> 2cm 43 45 44 45

Missing 2 1 — —
Histologic grade

Poor 40 37 46 50

Infermediate 32 35 32 30

Good 18 16 13 11

Missing 10 12 9 9
FIGO stage

| — —_ 11 12

Il 2 3 12 11

Il 83 84 63 62

v 14 12 14 15

Missing 1 1 — —

Abbreviations: ICON2, Second International Collaborative Ovarian Neoplasm
Study; CAP, cyclophosphamide, doxorubicin, cisplatin; CP, cyclophosphamide,
cisplatin; FIGO, International Federation of Gynecology and Obstetrics.
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Fig 3. Expected survival for the patients actually entered onto the Second

International Collaborative Ovarian Neoplasm Study (actual), and assuming all
patients had the most favorable (best) or least favorable (worst) combinations of
residual disease, age, International Federation of Gynecology and Obstetrics
stage, and histologic grade.

1,198 patients included in the meta-analysis, 1,054 had complete
data for the factors included in the model.

Expected Survival Curves

With this prognostic model for survival, expected survival
curves could be constructed for any combination of the prog-
nostic factorsretained as significant in the model. Figure 3 shows
the expected survival curves for 1,387 patients entered on the
ICON2 trial, under three different assumptions. (1) who had
complete data for the factors used in the model, using actually
observed values of the prognostic factors (actua); (2) if all the
patients had the best possible values for all prognostic factorsin
the model: no residual disease, age of 18 years, well-differenti-
ated histology, and FIGO stage | (best); and (3) if all the patients
had the worst possible values for all prognostic factors in the
model: bulky residual disease, age of 85 years, poorly differen-
tiated histology, and FIGO stage 1V (worst). In all three cases,
the origina treatment assignment of the patients was used.
Figure 3illustrates that the expected survival curve depends heavily
on the prognostic factors. The actud curve reflects the distribution
of the prognostic factors in the ICON2 study presented in Table 2.
Both the worst and best curves are markedly different from the
actual curve, the 5-year survival probabilities are 30% for the
patients actually entered onto the ICON2 trid (Table 2) versus 85%
for a patient with the best characteristics and close to 0% for a
patient with the worst characteristics.

Comparison of Observed and Expected Survival Curves

Expected survival curves were also constructed separately for
each treatment arm of the ICON2 trial for the combination of the
prognostic factors actually observed in that arm of the trial.
Figure 4 shows the observed and expected survival curve in the
CAP arm of the ICON2 trial. There was relatively little differ-
ence between the expected and observed curves. Figure 5 shows
the observed survival curve in the carboplatin arm of the ICON2
trial and the expected survival curve using the CP arm of the
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Fig4. Observed survival in the cyclophosphamide, doxorubicin, and cisplatin

(CAP) arm of the Second International Collaborative Ovarian Neoplasm Study, and
expected survival on the basis of the data of the CAP arm from the meta-andlysis.
(—) Observed; (- - - -) expected.

meta-analysis. There was a large difference between the ex-
pected and the observed curvesin favor of the carboplatin arm of
the ICON2 trial. Figure 6 shows the test statistic comparing the
observed and the expected survival curves over time. There was
a tendency for the observed and expected survival curves for
CAP to differ between 1 and 3 years, but the separation between
them was not statistically significant. In contrast, the observed
survival curve for carboplatin and the expected survival curve
for CP differed significantly at all times after approximately 1.25
years (P < .01).

DISCUSSION

These analyses provide highly suggestive evidence that the
difference between the survival comparisons in the meta-analy-
sis and in the ICON2 tria is because of the better results
achieved with carboplatin alone at an optimally tolerated dose
compared with the CP combination at a cisplatin dose of 50 to 60
mg/m?. Indeed, after al known covariates were taken into
account, the survival curve of the CAP arm in the ICON2 trial
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Fig 5. Observed survival in the carboplatin arm of the Second International

Collaborative Ovarian Neoplasm Study, and expected survival on the basis of the
cyclophosphamide and cisplatin (CP) arm of the meta-analysis. (——) Observed;
(- - - -) expected.
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Fig 6. Test statistic for the comparison of the observed and expected survival
curves (thick line, observed cyclophosphamide, doxorubicin, and cisplatin [CAP] v
expected CAP; thin line, observed carboplatin v expected cyclophosphamide and
cisplatin [CP]). The test statistic for observed carboplatin versus expected CP was
statistically significant at the 0.01 level after 1.25 years.

was close to the curve that would have been expected had the
mortality rates seen in the CAP arm of the meta-analysis been
operating (Fig 4). Thetwo curves were only slightly separated by
the play of chance between 1 and 3 years. In contrast, the
survival curve of the carboplatin arm in the ICON2 trial was
much better than the curve that would have been expected had
the mortality rates seen in the CP arm of the meta-analysis been
operating (Fig 5). The separation between the two curves was
highly significant at all times after 1.25 years (P < .01; Fig 6).
Although the comparison between carboplatin and CP is indirect
and, therefore, far less reliable than a direct comparison between
randomized arms, it is calibrated by the presence of a common
CAP arm that exhibited similar surviva in both the meta-
analysis and the ICON2 trial.

Taken together, the results of the meta-analysis and of the |CON2
trial indicate that the dose of platinum may be important. Direct
evidence from randomized trials comparing doses of platinum,
however, is inconclusive because of mgjor differences between the
trials, insufficient numbers of observations, and the play of
chance.®® Our results also indicate that the addition of an anthracy-
cline to CP might compensate for the insufficient dose of platinum
in the CP arm. Other trids that are ongoing will provide further
evidence on any added benefits of anthracyclines.'®

The comparison of survival curves across different experi-
ments requires knowledge of prognostic factors for individual
patients in both experiments.®® Indeed, as shown in Fig 3, the
expected survival curve depends heavily on the prognostic
factors found to be significant in the survival model for advanced
ovarian cancer (extent of residual disease, age, FIGO stage, and
histologic grade). Had performance status been added to the
model, the separation of the survival curves presented in Fig 3
would have been even more pronounced. In other diseases for
which prognostic factors are less well known or less predictive
of the outcome of interest, it may be more difficult to find
agreement between independent series of identically treated
patients. In any case, our results show remarkable agreement
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Table 3. Randomized Evidence on the Treatment of Advanced Ovarian Cancer
and Possible Uses of the Expected Survival

Source Survival Results

Meta-analysis® CAP > CP
ICON2'® CAP ~ Carbo
Expected survival using data from the Carbo > CP
meta-analysis and ICON2
GOG-1112! PT > CP
ov1022 PT > CP
ICON323 Carbo + paclitaxel ~ Carbo or CAP

Carbo or CAP > CP2

Expected survival using data from

GOG-111, OV10, and ICON32

Abbreviations: CAP, cyclophosphamide, doxorubicin, cisplatin; CP, cyclophosph-
amide, cisp|c11in; Carbo, ccrbop|qiin; PT, cisp|atin, pac|itaxe|; >, stqiisficq”y supe-
rior; =, not statistically different; ICON, International Collaborative Ovarian Neo-
plasm; GOG, Gynecologic Oncology Group.

between the survival experience of identically treated patientsin
a meta-analysis of several small trials and in a large-scae
confirmatory trial. The results also demonstrate the importance
of performing meta-analysis on the basis of individual patient
data, which implies awillingness to share data on the part of the
principal investigators of al relevant trials.

The data available in this study included survival as well as
important prognostic information in both the meta-analysis and
the ICON2 trial. Without such data, there would have been no
reliable way of comparing the surviva results of the meta-
analysis with the results of the ICON2 trial because these series
had different distributions of prognostic factors known to have a
major impact on survival (Table 2). Even after taking all known

BUYSE ET AL

prognostic factors into account, however, we could still have
observed a difference between identically treated patients (with
CAP) in the meta-anadlysis and in the ICON2 tria, if only
because the ICON2 trial was performed 10 years after the trials
included in the meta-analysis. Had that been the case, the reason
the other treatment arms differed would have been left unan-
swered or would be speculative, at best.

Although the results presented here may be particularly
clear-cut because the two CAP groups exhibited almost identical
results, the expected survival approach may provide a generally
useful approach to reconcile the results of independent random-
ized tridls of similar therapies. This approach may provide
valuable insight when direct comparisons between randomized
groups yield ambiguous or discrepant results. A case in point
concerns the role of taxanesin the treatment of advanced ovarian
cancer. Two trias, one conducted by the Gynecologic Oncology
Group in the United States®* and the other conducted by a
European Canadian Intergroup,? showed that the combination
of cisplatin and paclitaxel was superior to CP. The recently
published ICON3 trial?® found no benefit of the combination of
carboplatin and paclitaxel over either carboplatin alone or CAP
(Table 3). The results discussed above indicate that CP may be
inferior to both carboplatin done and CAP. Consequently, the lack
of benefit in ICON3 may be because the control group in this trial
was superior to the control group used in the two previous trials.*
This hypothesis could be tested formally using the expected survival
approach, as demonstrated in the situation of the meta-analysis and
the ICON2 tria anayzed above (Fig 6 and Table 3).
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