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ABSTRACT

Background

To investigate whether biomarkers consisting of baseline characteristics of advanced 
stage ovarian cancer patients can help in identifying subgroups of patients who would 
benefit more from primary surgery or neoadjuvant chemotherapy.

Methods

We used data of the European Organisation for Research and Treatment of Cancer 
(EORTC) 55971 trial in which 670 patients were randomly assigned to primary surgery 
or neoadjuvant chemotherapy. The primary outcome was overall survival. Ten baseline 
clinical and pathological characteristics were selected as potential biomarkers. Using 
Subpopulation Treatment Effect Pattern Plots (STEPP), biomarkers with a statistically 
significant qualitative additive interaction with treatment were considered as potentially 
informative for treatment selection. We also combined selected biomarkers to form a 
multimarker treatment selection rule.

Findings

The size of the largest metastatic tumour and clinical stage were significantly associated 
with the magnitude of the benefit from treatment, in terms of five-year survival (p for 
interaction: 0.008 and 0.016, respectively). Stage IIIC patients with metastatic tumours 
≤45 mm benefited more from primary surgery while stage IV patients with metastatic 
tumours >45 mm benefited more from neoadjuvant chemotherapy. In stage IIIC patients 
with larger metastatic tumours and in stage IV patients with less extensive metastatic 
tumours both treatments were equally effective. We estimated that by selecting 
treatments for patients based on largest metastatic tumour and clinical stage, the 
potential five-year survival rate in the population of treated patients would be 27.3% 
(95% confidence interval (CI) 21.9-33.0), 7.8% higher than if all were treated with 
primary surgery, and 5.6% higher if all were treated with neoadjuvant chemotherapy.  

Interpretation

Although survival was comparable after primary surgery and neoadjuvant chemotherapy 
in the overall group of patients with ovarian cancer in the EORTC 55971 trial, we found 
in this exploratory analysis that patients with stage IIIC and less extensive metastatic 
tumours had higher survival with primary surgery, while patients with stage IV disease 
and large metastatic tumours had higher survival with neoadjuvant chemotherapy. For 
patients who did not meet these criteria, both treatment options led to comparable 
survival rates.
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INTRODUCTION

Around two-thirds of ovarian cancer patients show advanced stage disease at the time of 
diagnosis, which is associated with an overall five-year survival rate of less than 40%.1 For 
a long time, the standard treatment for patients with advanced ovarian cancer has been 
primary debulking surgery followed by chemotherapy.2 However, since the publication 
of the European Organisation for Research and Treatment of Cancer (EORTC) 55971 
trial by Vergote et al. in 2010 an alternative approach to primary surgery in patients 
with bulky stage IIIC or IV ovarian cancer is also adopted, which consists of neoadjuvant 
chemotherapy and interval debulking surgery followed by postsurgical chemotherapy.3 

The EORTC 55971 trial was a large international study comparing three cycles of 
neoadjuvant chemotherapy followed by interval debulking surgery and three cycles 
of postsurgical chemotherapy with primary debulking surgery followed by six cycles 
of postsurgical chemotherapy. Overall survival and progression free survival was in the 
analysis similar in both groups (30 and 29 months respectively). In addition, there was 
no significant advantage of neoadjuvant chemotherapy or primary surgery with respect 
to adverse effects, quality of life, postoperative morbidity or mortality.3 Controversy 
emerged after publication of this trial on the role of neoadjuvant chemotherapy 
in ovarian cancer.4, 5 The question is whether this conclusion and subsequent clinical 
recommendation that neoadjuvant chemotherapy is not inferior to primary surgery 
applies to all subgroups of patients presenting with stage IIIC or IV ovarian cancer and if 
selection of the best treatment can be made before the start of therapy. 

In general, prognostic markers have the potential to be used as treatment selection 
markers. For patients with a favourable prognosis, one treatment option could be 
preferable, while for those with a less favourable prognosis, other treatment options 
may be associated with a benefit. In previous studies, age, World Health Organization 
(WHO) performance status, tumour grade, histology, clinical stage, and serum CA-125 
have all been described as prognostic markers.6-14 

The aim of this study was to investigate whether the baseline characteristics of patients 
in the EORTC 55971 trial can help with distinguishing subgroups of patients who would 
benefit more from one of the studied treatment strategies than from the other. If so, 
such markers could be used in developing a strategy for treatment selection.   
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METHODS

Study design and patients

The background, design and conduct of the EORTC 55971 trial (ClinicalTrials.gov, number 
NCT00003636) have previously been reported in detail.3 Briefly, the trial included women 
with cytology or biopsy-proven stage IIIC or IV epithelial ovarian, fallopian-tube, or 
primary peritoneal cancer. Additional inclusion requirements were a WHO performance 
status of 0 to 2 and the absence of serious disabling diseases that would contraindicate 
primary cytoreductive surgery or platinum-based chemotherapy. A sample size of 
670 had been calculated for showing non-inferiority of neoadjuvant chemotherapy to 
primary surgery, with a one-sided type I error rate of 0.05 and a power of 80%. Median 
survival of patients who underwent neoadjuvant chemotherapy was expected to be 26 
months and a hazard ratio of less than 1.25 was considered to indicate non-inferiority.

Between September 1998 and December 2006, eligible and consenting women were 
randomly allocated to either primary debulking surgery followed by platinum-based 
chemotherapy or to neoadjuvant platinum-based chemotherapy followed by debulking 
surgery (called interval debulking surgery) (Fig. 1). Randomisation was done centrally at 
the EORTC headquarters. Patients had to start the assigned treatment within three weeks 
after the initial biopsy or fine-needle aspiration. Women assigned to primary debulking 
surgery were followed by at least six courses of platinum-based chemotherapy. In the 
neoadjuvant chemotherapy group women received first three courses of neoadjuvant 
platinum-based chemotherapy followed by interval debulking surgery in all patients with 
a response or stable disease, followed in turn by at least three courses of platinum-based 
chemotherapy. In patients randomly assigned to primary debulking whose surgery was 
completed without optimal cytoreduction, interval debulking surgery was permitted 
if stable disease or a response to chemotherapy was documented, and these patients 
were included in the primary surgery group for analyses. Patients were followed every 
three months for two years, then every six months for three years, and yearly thereafter. 
The primary outcome was overall survival measured from the date of randomisation to 
the date of death, whatever the cause. 

For each participating woman, 13 clinical and pathologic characteristics were measured 
and recorded at baseline before randomisation. More details about these characteristics 
and the final selection can be found in Appendix 1. Based on the review of literature, we 
selected variables with the potential to be helpful for selecting treatment for patients. 
When this was unclear, or when no literature was available, the final decision on 
whether to include the variable in the analysis was based on expert opinion. Eventually, 
we selected 10 variables, hereafter referred to as biological markers or, in short, 
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biomarkers.15 These selected potential biomarkers were age, WHO performance status 
(0, 1 or 2), largest metastatic tumour size (in mm), tumour grade (well differentiated, 
moderately differentiated, poorly differentiated), histology (especially high grade serous 
histology), clinical stage (IIIC, IV), reason for stage IV (pleural effusion, liver involvement, 
supraclavicular lymph nodes, pelvic lymph nodes, skin involvement, combination, 
other), serum CA125 at study entry, presence of pelvic mass, and presence of omental 
cake. Largest metastatic tumour size, presence of pelvic mass, and omental cake were 
measured by CT, laparotomy, or laparoscopy at baseline. Largest metastatic tumour 
size was measured excluding the ovaries. Tumour grade and histology were evaluated 
pathologically by biopsy at baseline. Stage of the tumour was applied clinically based on 
imaging. 

Data analysis

The primary aim of our analyses was to evaluate whether and to what extent the 
selected biomarkers were associated with a differential benefit – or lack thereof - from 
neoadjuvant therapy. We started the analysis by setting the horizon of our analysis at a 
five-year time point. This decision was based on the reasoning that if a biomarker was 
helpful for treatment selection it would show a significant effect on the five-year survival 
rate in this group of patients. 

Patients enrolled in study
n = 718

Patients 
excluded due 

to 
authorization 
irregularities

n = 48
Patients randomized

n = 670

Patients assigned to primary 
surgery and included in 

intention-to-treat analysis
n = 336

Patients assigned to 
neoadjuvant chemotherapy 
and included in intention-to-

treat analysis
n = 334

Patients included in per-
protocol analysis

n = 310

Patients included in per-
protocol analysis

n = 322

Figure 1. Trial profile. 
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We also made two assumptions. First, the biomarkers that we are investigating are most 
likely not very strongly associated with a differential benefit, otherwise it should have 
been detected before, so we did not expect significant effects within a short time period 
(one or two years). Second, the direction of the association between treatment effects 
and biomarker values does not change over time. We considered biomarkers that show 
a statistically significant qualitative additive interaction with treatment as biomarkers 
associated with a differential benefit, ie markers that could potentially be informative 
for treatment selection.

To test the presence of interaction between biomarker and treatment we used 
Subpopulation Treatment Effect Pattern Plots (STEPP).16 STEPP analysis is a nonparametric 
approach allowing for investigation of linear and nonlinear patterns of treatment effect 
heterogeneity in biomarker-defined subgroups. For each biomarker we performed a 
separate STEPP analysis and we report on the p for interaction from a supremum test of 
cumulative incidence estimates.16-18

To evaluate if the observed interactions are qualitative and whether the difference 
of treatment effects in the subgroups is large enough to justify a biomarker-based 
treatment selection strategy, we calculated the Kaplan-Meier estimate of five-year 
survival of each biomarker subgroup separately if treated by primary surgery and, 
consecutively, the five-year survival in the same subgroup if treated with additional 
neoadjuvant chemotherapy. For continuous variables such as age, largest metastatic 
tumour size, and CA125, the subgroups were made using quartiles, by dividing the whole 
group of study participants into four equally sized groups. For the continuous biomarkers 
with a significant qualitative additive interaction, we performed an additional analysis to 
determine an optimal cut-off value for treatment selection. The best cut-off value was 
determined by plotting the selection impact curve.19, 20 Technical details of the plots are 
presented in Appendix 2. 

We then combined the selected biomarkers to form a multimarker treatment selection 
rule. For calculating the expected amount of population-level gain from substituting the 
current non-marker-based strategy with the multimarker-based treatment selection 
strategy, we estimated the five-year survival of patients in each multimarker subgroup 
separately for primary surgery treatment and for neoadjuvant chemotherapy using 
Kaplan-Meier analysis. We then multiplied the proportion of patients in each subgroup 
by the observed five-year survival of that subgroup on the recommended treatment 
in our data and summed them up for all subgroups. To estimate the 95% confidence 
interval (CI) of the estimated five-year survival, we used non-parametric bootstrapping 
(n=1000).  
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All analyses of this paper were exploratory and performed based on the intention-to-
treat principle. We used R for Windows (Version 2.15.0; R Foundation for Statistical 
Computing, Vienna, Austria). STEPP analyses were performed using the ‘STEPP’ package 
in R. Sample size calculations were done by nQuery Advisor (Version 7.0; Statistical 
Solutions Ltd, Cork, Ireland). 

RESULTS

Of the 670 included patients, 336 patients had been allocated to the primary surgery arm 
and 334 to neoadjuvant chemotherapy. The five-year survival rate in the neoadjuvant 
chemotherapy group was 22% (95% CI 17-28), slightly higher than the primary surgery 
group (20%; 95% CI 15-21), but the difference was not statistically significant. On the 
study group level outcomes of both treatment strategies were comparable.  

Table 1 presents the distribution of the ten investigated biomarkers in the study group 
and the proportion of missing biomarker values. Generally, the distribution of the 
studied biomarkers was similar in both trial arms and the missing proportions were also 
comparable between these groups.

Univariate biomarker analyses

The results of the biomarker analyses are presented in Table 2. For eight* out of ten 
studied biomarkers (age, WHO performance status, tumour grade, tumour histology, 
pleural effusion*1, serum CA125 at study entry, pelvic mass, omental cake), we observed 
no statistically significant difference in five-year survival in patients of different biomarker 
categories undergoing primary surgery or adjuvant chemotherapy.

Size of the largest metastatic tumour was significantly associated with the outcome of 
primary surgery; patients whose largest metastatic tumour was smaller than 40 mm had 
an estimated five-year survival rate after primary surgery of 40% (95% CI 30-54) versus 
14% in women with larger metastatic tumour sizes (95% CI 9-20). In patients receiving 
neoadjuvant chemotherapy, the five-year survival rate ranged from 18% to 27%; here 
we observed no clear association between largest metastatic tumour size and five-year 
survival. The STEPP plot in Fig. 2 shows the association between largest metastatic 
tumour size and five-year overall survival following primary surgery and neoadjuvant 
chemotherapy. The plot shows that patients with a less extensive metastatic tumour size 
had a higher survival with primary surgery, while survival was higher with neoadjuvant 
chemotherapy in patients with larger metastatic tumours. This difference in benefit was 
statistically significant (p for interaction = 0.008).

1Error: In the published article pleural effusion is not mentioned in the text.
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The initial cut-points for largest metastatic tumour size in Table 2 were based on 
quartiles: 40 mm, 80 mm and 140 mm. Using the selection impact curve (Fig. 3), we 
estimated that the optimal cut-point would be 45 mm. This cut-point would result in the 
maximum estimated five-year survival in the study group if the treatment strategy was 
to do primary surgery on patients whose metastatic tumours are smaller than the cut-off 
value and to give neoadjuvant chemotherapy to patients in whom the largest metastatic 
tumour is larger than the cut-off value.  

Table 1. Baseline characteristics of the trial participants.

Baseline characteristics Primary surgery 
(n=336)

Missing Neoadjuvant chemotherapy 
(n=334)

Missing

Age (years) * 62 (54-69) - 63 (54-70) -
World Health Organisation (WHO)  

performance status (%)
<1% -

0 153 (45.5) 147 (44.0)

1 141 (42.0) 143 (42.8)

2 40 (11.2) 44 (13.2)

Largest metastatic tumour size (mm) * 80 (44-145) 1% 80 (40-131) 1%

Tumour grade (%) 36% 46%

Poorly differentiated 145 (43.1) 130 (39.0)

Moderately differentiated 57 (9.7) 41 (12.5)

Well differentiated 14 (7.9) 10 (5.55)

Histology (%) 5% 7%

Serous 220 (65.5) 194 (58.1)

Mucinous 8 (2.4) 11 (3.3)

Clear cell 6 (1.8) 4 (1.2)

Endometroid 11 (3.3) 5 (1.7)

Undifferentiated 69 (20.5) 90 (26.9)

Mixed 3 (<1.0) 0 (0.0)

Other 2 (<1.0) 6 (1.8)

High-grade serous histology (%) 103 (30.7) 35% 95 (28.4) 46%

Pleural effusion (%) 44 (13.1) - 56 (16.8) -

Clinical stage (%) - -

IIIC 258 (77.0) 253 (75.7)

IV 77 (23.0) 81 (24.2)

Serum CA125 at study entry (U/ml)* 1130 (479-2832) 1% 1180 (498-2631) 1%

Pelvic mass (%) 229 (68.2) 28% 217 (65.0%) 33%

Omental cake (%) 226 (67.3) 30% 211 (63.2) 33%

* Median (interquartile range).
Primary surgery = Primary debulking surgery followed by chemotherapy. 
Neoadjuvant chemotherapy = Neoadjuvant chemotherapy and interval debulking surgery followed 
by postsurgical chemotherapy.
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Table 2. Association of the baseline biomarkers with the extent of benefit (5-year survival) from 
primary surgery versus neoadjuvant chemotherapy. The size of each biomarker-defined subgroup 
is presented under column n.

Primary surgery Neoadjuvant  
chemotherapy

p for 
interaction*

Biomarkers n 5-year Survival (%) (95% 
confidence interval (CI))

n 5-year Survival 
(%) (95% CI)

Age (years) 0.53
≤ 54 87 19 (11-31) 84 25 (15-41)
55-62 92 14 (8-25) 81 23 (14-36)
63-69 76 31 (20-46) 84 22 (14-34)
> 69 81 20 (12-33) 85 18 (10-33)

World Health Organisation (WHO)  
performance status 0.76

0 153 21 (15-31) 147 24 (17-34)
1 141 18 (12-28) 143 17 (10-27)
2 40 18 (9-36) 44 27 (16-46)

Largest metastatic tumour size (mm) 0.008
≤ 40 82 40 (30-54) 83 18 (9-33)
41-80 88 13 (6-28) 86 27 (17-42)
81-140 77 17 (10-29) 86 18 (10-33)
> 140 84 12 (6-24) 75 23 (14-36)

Tumour grade 0.34
Poorly differentiated 145 21 (14-31) 130 32 (24-43)
Moderately differentiated 57 22 (13-38) 41 13 (5-33)
Well differentiated  14 0 (-) 10 23 (5-100)
Unknown 120 20 (13-30) 153 15 (9-25)

Tumour histology 0.75
High-grade serous 103 23 (15-36) 95 35 (25-47)
Other 112 17 (10-27) 86 20 (25-47)
Unknown 120 20 (13-31) 153 15 (9-25)

 Pleural effusion  0.46
Absent 292 22 (17-29) 278 22 (17-29)
Present 44 0 (-) 56 24 (14-46)

Clinical stage 0.016
IIIC 258 24 (18-31) 253 22 (16-29)
IV 77 5 (1-18) 81 22 (13-39)

Serum CA125 at study entry (U/ml) 0.37
≤ 480 85 18 (11-30) 83 17 (10-31)
481-1160 86 14 (7-26) 81 24 (15-39)
1161-2730 76 21 (12-35) 91 24 (15-39)
> 2730 87 23 (15-37) 87 21 (13-35)

Pelvic mass
Absent 12 40 (18-91) 8 0 (-) 0.16
Present 229 20 (15-27) 217 23 (17-31)

Omental cake
Absent 9 44 (19-100) 12 19 (4-91) 0.17
Present 226 19 (14-27) 211 23 (17-31)

*Interaction p-value from supremum test of Subpopulation Treatment Effect Pattern Plots (STEPP) 
analysis based on cumulative incidence estimates.
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Figure 2. The association between the largest metastatic tumour size and the five-year overall 
survival of the study participants separately in patients who underwent primary surgery and those 
who received neoadjuvant chemotherapy.

Figure 3. The selection impact curve to choose the optimal cut-point of the largest 
metastatic tumour size to define patients who would benefit more from primary surgery 
and those who would benefit more from neoadjuvant chemotherapy. The maximum 
impact is gained at a 45 mm cut-point.
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Clinical stage of the tumour was found to be significantly associated with the benefit 
from neoadjuvant chemotherapy (p for interaction = 0.016). Although there was no 
significant difference in response to neoadjuvant chemotherapy versus primary surgery 
in patients with stage IIIC tumours, patients with stage IV tumours had significantly 
higher five-year survival rate on neoadjuvant chemotherapy (22%; 95% CI 13-19) 
compared to primary surgery (5%; 95% CI 1-19). This implies that clinical stage before 
initiation of treatment could be informative for selecting patients for primary debulking 
or neoadjuvant chemotherapy.

Multimarker treatment selection rule

Our univariate analyses showed that two biomarkers, the largest metastatic tumour size 
and the stage of tumour, have the potential to inform the decision to choose between 
primary surgery and neoadjuvant chemotherapy. The tumour size and clinical stage 
can be estimated using physical examination and imaging techniques like computer 
tomography. Therefore, we aimed at developing a two-marker treatment decision rule. 
Table 3 presents the four possible subgroups made by combinations of these two binary 
biomarkers. Twenty percent of the study participants had clinical stage IIIC tumour with 
the largest metastatic tumour ≤ 45 mm, 56% had clinical stage IIIC tumour with the 
largest metastatic tumour > 45 mm, 8% had clinical stage IV with the largest metastatic 
tumour ≤ 45 mm and 16% had both clinical stage IV and the largest metastatic tumour 
> 45 mm. 

Table 3 shows a statistically significant heterogeneity in treatment effects of the 
subgroups defined by the two marker combination  (p for interaction = 0.024); in the 
subgroup of patients with clinical stage IIIC and less extensive metastatic tumour, 
primary surgery resulted in a substantially higher survival rate (five-year survival 45% 
versus 17%). This is also the subgroup with the best prognosis after primary surgery. On 
the other hand, in the subgroup of patients with stage IV and a large metastatic tumour 
–  the subgroup with the least favourable prognosis in this subdivision –  treatment 
with neoadjuvant chemotherapy was associated with a higher survival rate (five-year 
survival 23% versus 2%). In the two other subgroups (stage IV tumour with less extensive 
metastatic tumours or stage IIIC tumour with large metastatic tumours) the outcome 
of neoadjuvant chemotherapy was moderately better than primary surgery but the 
differences were not substantial. Table 4 shows the distribution of the remaining eight 
baseline characteristics per subgroup of patients.
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Table 4. The distribution of the remaining baseline characteristics per subgroup of patients.

Baseline characteristics Stage IIIC and metastatic 
tumour size

Stage IV and metastatic 
tumour size

≤ 45 mm 
n=131 (20%)

> 45 mm 
n=380 (56%)

≤ 45 mm 
n=51 (8%)

> 45 mm 
n=108 (16%)

Age (years) * 64 (56-74) 62 (55-70) 61 (54-68) 60 (52-67)
World Health Organisation 
(WHO) performance status (%)

0 64 (48.9) 174 (45.8) 23 (45.1) 39 (36.1)
1 52 (39.7) 163 (42.9) 22 (43.1) 47 (43.5)
2 15 (11.5) 43 (11.3) 6 (11.8) 20 (18.5)

Tumour grade (%)
Poorly differentiated 40 (30.5) 165 (43.4) 27 (52.9) 43 (39.8)
Moderately differentiated 18 (13.7) 58 (15.3) 8 (15.7) 14 (13.0)
Well differentiated 3 (2.3) 15 (3.9) 2 (3.9) 4 (3.7)

Histology (%)
Serous 76 (58.0) 234 (61.6) 37 (72.5) 67 (62.0)
Mucinous 4 (3.1) 10 (2.6) 1 (2.0) 4 (3.7)
Clear cell 0 9 (2.4) 0 1 (0.9)
Endometroid 5 (3.8) 10 (2.6) 0 1 (0.9)
Undifferentiated 29 (22.1) 93 (24.5) 12 (23.5) 25 (23.1)
Mixed 1 (0.8) 1 (0.3) 1 (2.0) 0
Other 3 (2.3) 4 (1.1) 0 1 (0.9)

Pleural effusion 2 (1.5) 2 (0.5) 31 (60.8) 65 (60.2)
High-grade serous histology (%) 31 (23.7) 111 (29.2) 21 (41.2) 35 (32.4)
Serum CA125 at study entry  
(U/ml)*

983 (415-2286) 1118 (431-2681) 1147 (581-3516) 1299 (694-2719)

Pelvic mass (%) 92 (70.2) 239 (62.9) 39 (76.5) 76 (70.4)
Omental cake (%) 94 (71.8) 228 (60.0) 38 (74.5) 77 (71.3)

*Median (interquartile range).

Table 3. The size of the subgroups defined by clinical stage and the largest metastatic tumour size 
and the comparative outcome of primary surgery and neoadjuvant chemotherapy in terms of five-
year survival for each specific subgroup.

Biomarkers combined Subgroup 
size (%)

5-year Survival (%)  
(95% confidence interval  (CI))*

Primary surgery Neoadjuvant 
chemotherapy

Stage IIIC & metastatic tumour size ≤ 45 mm 20 45 (33-61) 17 (8-36) 
Stage IIIC & metastatic tumour size > 45 mm 56 17 (12-25) 23 (17-31)
Stage IV & metastatic tumour size ≤ 45 mm 8 13 (3-63) 22 (8-58)
Stage IV & metastatic tumour size > 45 mm 16 2 (0-17) 23 (13-42)

*p for interaction = 0.024.
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The expected benefit from the proposed multimarker-based treatment strategy

Based on the findings of the combined analysis we would propose a two-marker 
treatment selection strategy as follows:

• Treating patients whose disease is stage IIIC and their largest metastatic tumour is  
≤ 45 mm with primary surgery.

• Treating patients with clinical stage IIIC with largest metastatic tumour > 45 mm, or 
patients with stage IV with largest metastatic tumour ≤ 45 mm with either primary 
surgery or neoadjuvant chemotherapy. 

• Treating patients with clinical stage IV and largest metastatic tumour > 45 mm with 
neoadjuvant chemotherapy.

In a population of patients who have a distribution of biomarkers and a response to 
treatment similar to the patients in this trial, we estimated that by applying the proposed 
multimarker-based treatment strategy, potentially the five-year survival rate would be 
27.3% (95% CI 21.9-33.0) which is 7.8% higher than if all were treated with primary 
surgery, and 5.6% higher than if all were treated with neoadjuvant chemotherapy.

DISCUSSION

We propose a new treatment strategy for stage IIIC and IV ovarian cancer patients, one 
that is based on the clinical stage of the tumour and the size of the largest metastatic 
tumour. Based on exploratory post hoc analyses of a completed trial, we estimated that 
this strategy could potentially improve survival, resulting in an improvement in five-year 
survival of more than 6% in the corresponding patient population.

A strength of the proposed treatment selection rule is that it is based on data from 
a randomised trial and therefore, administration of primary surgery or neoadjuvant 
therapy was not affected by the baseline characteristics of participants. Moreover, we 
have applied a systematic approach for developing the rule by first studying biomarkers 
separately and then combining the selected biomarkers into a multimarker rule which 
was based on the observed outcomes and not on expert opinion. When investigating 
biomarkers in our analysis, we did not choose empirical categories, but we studied the 
presence of linear and non-linear associations and then looked for a cut-point which 
could optimise the outcome. We also chose biomarkers which were associated with 
absolute and not just relative risk reduction.21 Furthermore, we have presented the 
proportions of the patients whose survival would improve when treated with primary 
surgery or neoadjuvant chemotherapy instead. The potential impact of applying this 
strategy to a corresponding population was estimated.  
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A limitation, however, is that our proposed decision rule is based on an exploratory 
analysis and there is definitely a need for validating the rule using other independent 
trial datasets or by conducting new trials. To our knowledge, three other randomised 
trials of neoadjuvant chemotherapy versus primary surgery have started in the past 
decade.22-24 An attractive option would be to analyse the Chemotherapy OR Upfront 
Surgery (CHORUS) trial in the same way, to see if our findings can be replicated. 
Otherwise, two new relatively small randomised trials could be planned. First, to validate 
the superiority of primary surgery in the subgroup of patients who have clinical stage 
IIIC disease with less extensive metastatic tumours. Second, to validate superiority of 
neoadjuvant chemotherapy in the subgroup of patients with clinical stage IV disease and 
large metastatic tumours. These validation trials have narrow eligibility criteria, which 
makes recruitment difficult. However, because of the considerable difference between 
the treatment effects, the trials may require small sample sizes. Additionally, alongside 
these possible future trials, it is very important to monitor patients that will follow our 
decision rule in regular practice as well. Their observed five-year survival rates should be 
compared with the potential five-year survival rates calculated in this study.

The use of neoadjuvant chemotherapy remains controversial in advanced ovarian cancer 
patients.4, 25-27 For women with stage IIIA and IIIB ovarian cancers, primary surgery is 
the standard treatment. However, for stage IIIC and IV patients, the choice between 
primary surgery and neoadjuvant chemotherapy is not clear. Furthermore, stage IV 
based on cancer cells in pleural fluid may be different than stage IV based on for example 
liver metastases or supraclavicular metastases. These data on site of metastases were 
insufficient to perform an analysis based on this potential biomarker. 

The debate about neoadjuvant chemotherapy has been long going. In 1989 chemotherapy 
was already suggested for advanced, incompletely resected ovarian cancer.28 Vergote 
and colleagues compared crude survival of patients treated before the introduction of 
neoadjuvant chemotherapy in 1989 and afterwards. Using this retrospective analysis they 
concluded that treating a specific subgroup of patients with neoadjuvant chemotherapy 
was superior to treating all patients with primary surgery.29 A meta-analysis published by 
Bristow and Chi in 2006 concluded that neoadjuvant chemotherapy was associated with 
a worse prognosis when compared to primary surgery.30 

In contrast, Tangjitgamol reported another meta-analysis in 2010 in which no conclusive 
evidence was found to determine whether neoadjuvant chemotherapy would improve 
or decrease survival rates of women with advanced ovarian cancer, compared to primary 
surgery. Only in patients whose primary surgery was not performed by gynaecologic 
oncologists or if the surgery had been performed less extensive, a treatment with 
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neoadjuvant chemotherapy appeared to yield benefit.31 A reason for this heterogeneity 
in results might be the difference of the severity of disease of patients in different studies. 
A recent Cochrane review concluded that neoadjuvant chemotherapy is a reasonable 
alternative to primary surgery particularly in bulky disease. The authors of this review 
did not specify the size of the main tumour or metastases that defines a bulky disease. 
Finally, they recommended that clinicians should take into account resectability, age, 
histology, stage, and performance status of the patients in deciding who will benefit 
from neoadjuvant chemotherapy.26

In our analysis we found that among the list of prognostic factors mentioned above, age, 
histology, and WHO performance status 0, 1, or 2, may not be informative for treatment 
selection, since there was no association between these factors and the extent of benefit 
patients could gain from neoadjuvant chemotherapy compared to primary surgery. 
The only two factors informative for treatment selection were the size of the largest 
metastatic tumour and the clinical stage of the disease. The first treatment selection rule 
proposed by Vergote and colleagues also included stage and estimated total metastatic 
tumour load. They found that patients with stage IV disease or a total metastatic tumour 
load of more than 1000g prior to debulking surgery had a poor survival despite successful 
cytoreduction. We also found that women with stage IIIC and less extensive metastatic 
tumours benefit more from primary surgery while women with stage IV disease and 
larger metastatic tumours benefit more from neoadjuvant chemotherapy. We selected 
an optimal cut-point for defining less extensive and large metastatic tumours. Vergote 
and colleagues had also reported a marginally better survival in patients with metastases 
smaller than 5 cm randomly assigned to primary surgery.3, 27 In our analysis we evaluated 
all possible cut-points of metastatic tumour size and chose 45 mm as the cut-point which 
could maximise the five-year survival in the population.   

Many investigators agree that there is a place for neoadjuvant chemotherapy in the 
treatment of patients with lesions that cannot be optimally resected.4, 27, 32 Yet, to our 
knowledge there is no objective treatment selection rule in general use. We suggest 
treating patients with clinical stage IIIC and largest metastatic tumour ≤ 45 mm with 
primary surgery and patients with clinical stage IV and largest metastatic tumour > 45 
mm with neoadjuvant chemotherapy. However, for patients who are discordant on 
these factors, neoadjuvant chemotherapy shows only a marginal and non-significant 
superiority and therefore the choice of treatment is debatable. Treatment in these 
patients should be individualised, based on other biomarkers such as resectability of 
the tumour and patient preferences. Laparoscopy and new imaging techniques such as 
positron emission tomography (PET)-computerised tomography (CT) and whole body 
diffusion magnetic resonance imaging (MRI) might be useful tools in selecting patients 



Chapter 8150

with resectable tumours and determining whether primary surgery or neoadjuvant 
chemotherapy is the appropriate therapy.33 

It should also be noted, however, that the population of the EORTC trial was limited to 
patients with a WHO performance status of less than three. Therefore, we could not 
evaluate if a poor WHO performance status could perform as a treatment selection 
marker. This applies to other exclusion criteria of the EORTC trial as well, such as 
serious disabling diseases that would contraindicate primary cytoreductive surgery or 
platinum-based chemotherapy.3 Consequently, our findings might not be applicable to 
subpopulations of patients which had been excluded from the EORTC trial.  

What we have found is in line with previously reported effects of the studied treatments. 
It may sound logical that primary surgery results in a better outcome in stage IIIC patients 
with less extensive metastatic tumours; we can expect that these patients comprise a 
subgroup of patients with resectable tumours, and therefore complete cytoreduction is 
feasible for them by primary surgery. In contrast, in patients with stage IV disease, with 
large metastatic tumours, neoadjuvant chemotherapy may decrease the size and extent 
of the tumour such that complete resection becomes more feasible. We anticipate 
that by selecting subgroups of patients that would most probably benefit from primary 
surgery, this could make planning surgery at the right time easier. 

In conclusion, although in the overall group of patients with ovarian cancer in the EORTC 
55971 trial, survival was similar after primary surgery and neoadjuvant chemotherapy, 
we found that patients with stage IIIC and less extensive metastatic tumours had a better 
survival after primary surgery while patients with stage IV disease and large metastatic 
tumours had a better survival after neoadjuvant chemotherapy.  For patients who do not 
meet these criteria, and have an intermediate risk, treatment is debatable. Possibly other 
tests, for example a diagnostic laparoscopy, could help to distinguish which patients in 
this group would benefit most from different treatments. We suggest that systematic 
investigations of heterogeneity of treatment effects in randomised trials leading to 
treatment selection rules, could pave the way towards more individualised patient care. 



Exploratory analysis of the EORTC 55971 trial 151

8

REFERENCES
1. Holschneider CH, Berek JS. Ovarian cancer: epidemiology, biology, and prognostic 

factors. Semin Surg Oncol. 2000;19:3-10.

2. du Bois A, Quinn M, Thigpen T, et al. 2004 consensus statements on the 
management of ovarian cancer: final document of the 3rd International 
Gynecologic Cancer Intergroup Ovarian Cancer Consensus Conference (GCIG 
OCCC 2004). Ann Oncol. 2005;16 Suppl 8:viii7-viii12.

3. Vergote I, Trope CG, Amant F, et al. Neoadjuvant chemotherapy or primary 
surgery in stage IIIC or IV ovarian cancer. N Engl J Med. 2010;363:943-53.

4. Chi DS, Bristow RE, Armstrong DK, et al. Is the easier way ever the better way? J 
Clin Oncol. 2011;29:4073-5.

5. Vergote I, du Bois A, Amant F, et al. Neoadjuvant chemotherapy in advanced 
ovarian cancer: On what do we agree and disagree? Gynecol Oncol. 2013;128:6-11.

6. Omura GA, Brady MF, Homesley HD, et al. Long-term follow-up and prognostic 
factor analysis in advanced ovarian carcinoma: the Gynecologic Oncology Group 
experience. J Clin Oncol. 1991;9:1138-50.

7. Thigpen T, Brady MF, Omura GA, et al. Age as a prognostic factor in ovarian 
carcinoma. The Gynecologic Oncology Group experience. Cancer. 1993;71:606-14.

8. Chi DS, Liao JB, Leon LF, et al. Identification of prognostic factors in advanced 
epithelial ovarian carcinoma. Gynecol Oncol. 2001;82:532-7.

9. Warwick J, Kehoe S, Earl H, et al. Long-term follow-up of patients with advanced 
ovarian cancer treated in randomised clinical trials. Br J Cancer. 1995;72:1513-7.

10. Marsoni S, Torri V, Valsecchi MG, et al. Prognostic factors in advanced epithelial 
ovarian cancer. (Gruppo Interregionale Cooperativo di Oncologia Ginecologica 
(GICOG)). Br J Cancer. 1990;62:444-50.

11. Hoskins WJ, Bundy BN, Thigpen JT, et al. The influence of cytoreductive surgery on 
recurrence-free interval and survival in small-volume stage III epithelial ovarian 
cancer: a Gynecologic Oncology Group study. Gynecol Oncol. 1992;47:159-66.

12. Makar AP, Baekelandt M, Trope CG, et al. The prognostic significance of residual 
disease, FIGO substage, tumor histology, and grade in patients with FIGO stage III 
ovarian cancer. Gynecol Oncol. 1995;56:175-80.

13. Cooper BC, Sood AK, Davis CS, et al. Preoperative CA 125 levels: an independent 
prognostic factor for epithelial ovarian cancer. Obstet Gynecol. 2002;100:59-64.

14. Parker D, Bradley C, Bogle SM, et al. Serum albumin and CA125 are powerful 
predictors of survival in epithelial ovarian cancer. Br J Obstet Gynaecol. 
1994;101:888-93.



Chapter 8152

15. Biomarkers and surrogate endpoints: preferred definitions and conceptual 
framework. Clin Pharmacol Ther. 2001;69:89-95.

16. Bonetti M, Gelber RD. A graphical method to assess treatment-covariate 
interactions using the Cox model on subsets of the data. Stat Med. 2000;19:2595-
609.

17. Bonetti M, Gelber RD. Patterns of treatment effects in subsets of patients in 
clinical trials. Biostatistics. 2004;5:465-81.

18. Lazar AA, Cole BF, Bonetti M, et al. Evaluation of treatment-effect heterogeneity 
using biomarkers measured on a continuous scale: subpopulation treatment 
effect pattern plot. J Clin Oncol. 2010;28:4539-44.

19. Song X, Pepe MS. Evaluating markers for selecting a patient’s treatment. 
Biometrics. 2004;60:874-83.

20. Song X, Zhou XH. Evaluating markers for treatment selection based on survival 
time. Stat Med. 2011;30:2251-64.

21. Rothwell PM. Treating individuals 2. Subgroup analysis in randomised controlled 
trials: importance, indications, and interpretation. Lancet. 2005;365:176-86.

22. ClinicalTrials.gov A service of the U.S. National Institutes of Health. Available at: 
http://clinicaltrials.gov/ct2/show/NCT00075712. Accessed 2 November, 2012.

23. ClinicalTrials.gov A service of the U.S. National Institutes of Health. Available at: 
http://clinicaltrials.gov/ct2/show/NCT00715286. Accessed 2 November, 2012.

24. Onda T, Matsumoto K, Shibata T, et al. Phase III trial of upfront debulking surgery 
versus neoadjuvant chemotherapy for stage III/IV ovarian, tubal and peritoneal 
cancers: Japan Clinical Oncology Group Study JCOG0602. Jpn J Clin Oncol. 
2008;38:74-7.

25. du Bois A, Reuss A, Pujade-Lauraine E, et al. Role of surgical outcome as prognostic 
factor in advanced epithelial ovarian cancer: a combined exploratory analysis of 3 
prospectively randomized phase 3 multicenter trials: by the Arbeitsgemeinschaft 
Gynaekologische Onkologie Studiengruppe Ovarialkarzinom (AGO-OVAR) and 
the Groupe d’Investigateurs Nationaux Pour les Etudes des Cancers de l’Ovaire 
(GINECO). Cancer. 2009;115:1234-44.

26. Morrison J, Haldar K, Kehoe S, et al. Chemotherapy versus surgery for initial 
treatment in advanced ovarian epithelial cancer. Cochrane Database Syst Rev. 
2012;8:CD005343.

27. Vergote I, Trope CG, Amant F, et al. Neoadjuvant chemotherapy is the better 
treatment option in some patients with stage IIIc to IV ovarian cancer. J Clin 
Oncol. 2011;29:4076-8.

28. Lawton FG, Redman CW, Luesley DM, et al. Neoadjuvant (cytoreductive) 
chemotherapy combined with intervention debulking surgery in advanced, 
unresected epithelial ovarian cancer. Obstet Gynecol. 1989;73:61-5.



Exploratory analysis of the EORTC 55971 trial 153

8

29. Vergote I, De W, I, Tjalma W, et al. Neoadjuvant chemotherapy or primary 
debulking surgery in advanced ovarian carcinoma: a retrospective analysis of 285 
patients. Gynecol Oncol. 1998;71:431-6.

30. Bristow RE, Chi DS. Platinum-based neoadjuvant chemotherapy and interval 
surgical cytoreduction for advanced ovarian cancer: a meta-analysis. Gynecol 
Oncol. 2006;103:1070-6.

31. Tangjitgamol S, Manusirivithaya S, Laopaiboon M, et al. Interval debulking 
surgery for advanced epithelial ovarian cancer. Cochrane Database Syst Rev. 
2010;CD006014.

32. Bristow RE, Eisenhauer EL, Santillan A, et al. Delaying the primary surgical effort 
for advanced ovarian cancer: a systematic review of neoadjuvant chemotherapy 
and interval cytoreduction. Gynecol Oncol. 2007;104:480-90.

33. Rutten MJ, Gaarenstroom KN, Van Gorp T, et al. Laparoscopy to predict the result 
of primary cytoreductive surgery in advanced ovarian cancer patients (LapOvCa-
trial): a multicentre randomized controlled study. BMC Cancer. 2012;12:31.



Chapter 8154

APPENDIX 1

List of the 13 clinical and pathological characteristics in the dataset that were measured 
and recorded at baseline before the randomisation: 

1. Age

2. WHO performance status

3. Largest tumour size

4. Tumour grade

5. Histology

6. Biopsy proven epithelial*

7. Clinical stage

8. If stage IV, specify (Pleural effusion, liver involvement**, supraclavicular lymph 
nodes**, pelvic lymph nodes**, skin involvement**, combination**, other**) 

9. CA125 at study entry

10. CEA at study entry*

11. Serum CA125/CEA ratio > 25*

12. Pelvic mass

13. Omental cake 

*Excluded in final list of potential characteristics for treatment selection because we could 
not find any evidence or leads for prognostic value of the characteristic in literature, or 
based on expert opinion.  

**Excluded in final list of potential characteristics for treatment selection because of very 
small number of occurrences per trial arm (<10 patients).
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APPENDIX 2

The following procedure was performed to estimate the selection impact (SI) curve to 
determine the optimal cut-off point for treatment selection of the largest metastatic 
tumour size (LMTS). In our data, we have a treatment variable W, where W = 0 if a patient 
received primary surgery and W = 1 if a patient received neoadjuvant chemotherapy. 
The outcome in our data is time to event Tw (in years) if a patient receives treatment W = 
w. However, instead of Tw, we could only observe T = WT1 + (1 −W)T0, because we cannot 
give two treatments to a patient simultaneously. However, if we assume independence 
between the potential responses (T1, T0) and the treatment allocation W, we could 
estimate both outcomes Tw for each patient.20 

We were interested in the SI curve of largest metastatic tumour size at 5 years of follow-
up. We assigned patients to primary surgery (W = 0) if the largest metastatic tumour 
size was smaller or equal to a, and to neoadjuvant chemotherapy (W = 1) if the largest 
metastatic tumour size was larger than a. The marginal probability of surviving longer 
than five years was calculated with 

SI(a) = P(T≥5|W = 0, LMTS ≤ a)P(LMTS ≤ a) + P(T ≥ 5|W = 1, LMTS> a)P(LMTS> a)19

By varying a over all possible values of the LMTS biomarker, the SI curve was constructed. 
All terms of the equation were estimated non-parametrically. Note that because 
patients dropped out of the study, T was subject to right censoring. Therefore the first 
and third terms of the equation were estimated with Kaplan-Meier estimators. With 
a bootstrap procedure the 95% confidence interval was estimated, where we used 
quantile regression to smooth the 2.5% and 97.5% percentiles.

 


