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AbstrAct

objective

Predicting survival of patients with epithelial ovarian cancer (EOC) is based on prognosis 

of the population. Combining prognostic factors could facilitate survival prediction on 

the level of the individual patient. The aim of this study was to develop a prognostic 

model to predict five-year disease specific survival in patients with EOC, and to evaluate 

whether this would add to prediction based on prognosis of the population.

methods

A retrospective cohort study was performed of all EOC patients treated with primary 

debulking and adjuvant chemotherapy or neo-adjuvant chemotherapy and interval de-

bulking surgery in three gynaecological-oncologic centres between 1998 and 2010. 

Primary outcome was 5-year disease-specific survival. We developed a Cox proportional 

hazard model using the LASSO-method to select the best combination of character-

istics from 12 potential predictors and to correct for overfitting. Performance of the 

model was expressed as calibration and discrimination (c-statistic). A nomogram was 

developed to increase the clinical applicability of the model.

results

Of 840 patients with EOC 462 (55%) died within 5 years due to the disease. A combin-

ation of FIGO stage, residual tumour after surgery, primary or interval surgery, histology, 

performance status, age, amount of ascites and a family history suggestive of breast/

ovarian cancer best predicted 5-year survival. The final model showed accurate calibra-

tion and the c-statistic was 0.71 (95% CI 0.69-0.74). 

conclusions

Five-year survival in all stage EOC patients can be predicted accurately using available 

characteristics. After external validation the model can be used for counselling of pa-

tients. 
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introDuction

Ovarian cancer has a poor prognosis. Advanced disease is present in 80% of patients at 

time of diagnosis. Although the response of most patients on initial treatment is good, dis-

ease recurs in 75% of patients resulting in a 5 year overall survival of only 35%.[1] Ovarian 

cancer is a very heterogeneous disease and patients’ response to therapy differs widely. 

Prognosis is influenced not only by the stage of disease but also by the result of surgical 

treatment.[2-5] Furthermore histology, performance status, BRCA mutation status, age, 

type of surgery and several other factors are known to influence prognosis.[4;6-8] 

Use of general survival statistics could be valuable when predicting the expected course 

of disease in a population, yet these are too general to make an accurate prognosis for a 

single patient because prognosis is hardly ever univariable.[9] Currently clinicians merely 

use the FIGO stage and residual tumour to estimate prognosis for the individual patient. 

This however does not give an accurate prediction for a particular patient because it is an 

oversimplification of reality and various predictors are not taken into account.[10] When 

selecting patients for treatment or assigning them to specific study protocols all prognostic 

factors should be weighed in the decisions. To explicitly assess the clinical prediction capa-

city of combined prognostic factors it is worthwhile to use a prognostic model. Currently, 

only prognostic models are available for subgroups of patients with advanced stage epi-

thelial ovarian cancer and/or treated with primary surgery.[10-13] 

The purpose of our study was to develop one prognostic model that accurately predicts 

5-year disease specific survival for all patients with epithelial ovarian cancer after primary 

treatment. Including survival after primary debulking surgery as well as interval debulking 

surgery after neo-adjuvant chemotherapy. To improve clinical application, a nomogram 

was developed to easily calculate the probability of survival. 

methoDs

study population

We used data from a prospectively recorded clinical cancer registry of three oncologic 

centres in the North Western part of the Netherlands (Academic Medical Centre, Free 

University Medical Centre and Antoni van Leeuwenhoek Hospital). From this database, 

we identified consecutive patients who underwent cytoreductive surgery for primary epi-

thelial ovarian cancer (EOC) FIGO stage I to IV between 1998 and July 2010. Patients 

were excluded if they had advanced stage disease (FIGO IIB or higher) but did not receive 

taxane- and platinum-based systemic chemotherapy. Furthermore, patients with a trans-

itional cell or Brenner carcinoma were excluded. 

Low stage patients underwent full staging procedures. For advanced stage disease 

primary debulking surgery was the standard treatment when it was assessed that at least 

residual disease of less than one centimetre in diameter could be left. Patients underwent 

a maximal effort to remove all macroscopic tumour deposits, if necessary with extensive 
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surgical procedures. When debulking to no residual disease or to residuals less than 1 

cm maximum seemed not feasible [14;15] or when a patient could not sustain extensive 

surgery, neo-adjuvant chemotherapy followed by interval debulking surgery (NACT-IDS) 

was given after histological confirmation of the diagnosis. A gynaecological oncologist 

performed the debulking surgery.

outcome and predictors

The primary outcome of our study was disease specific survival (DSS) defined as time to 

death related to EOC or until the end of follow-up at least 5 years after initiation of first 

treatment. Cause of death was registered as related to EOC or not. Time was measured 

in months from the beginning of treatment i.e. date of first surgery or start of chemo-

therapy, until the final date of follow up. Survival data were last updated in August 2012 

based on patient’s files and/or responses from their physicians. Patients were censored if 

they were lost to follow up, if they died from another cause than one related to EOC or if 

they were still alive after five years of follow-up. 

Based on current literature we selected 12 potential predictors associated with survival 

of EOC. Candidate predictors were stage of disease according to the FIGO criteria divided 

in stages I, II, III (reference) and IV [16], WHO performance status (0 (reference), 1, 2, 3) 

[17], age [6], histological classification divided in high and low grade serous, mucinous, 

endometrioid, clearcell and undifferentiated epithelial tumours [7;18], primary or interval 

debulking surgery [19], residual tumour diameter divided in no, minimal (<1cm in dia-

meter) and gross residual (>1 cm in diameter) [3;5], American Society of Anaesthesiolo-

gists (ASA) score (1, 2 (reference), 3), positively tested for BRCA1-2 mutation [20], amount 

of ascites at debulking surgery [4], serum CA-125 concentration at start treatment [21], 

serum albumin concentration at surgery [22], and surgery complexity score (SCS) (low 

(reference), intermediate, high).[23] SCS was scored according to a scoring system de-

veloped by Aletti et al. (Supplementary table 1). Data was subtracted from the cancer 

registry and when possible, missing data was completed by chart review.

model development and validation

Several women had missing values for some of the potential predictors. These missing 

data were imputed, because a full case analysis would lead to a loss of statistical power 

and potentially biassed results.[24] A multiple imputation dataset was generated by 10 

imputed datasets. The imputation model included the outcome of disease and the afore-

mentioned potential predictors. All analyses were performed in each imputed dataset 

separately and the results were pooled using Rubin’s rule. We used the first imputed 

dataset for internal validation.

The linearity of the relation between the continuous variables albumin measured within 

three weeks before surgery, CA125 at start of treatment and age and the outcome was 

assessed using restricted cubic splines. When necessary, the continuous variables were 

transformed using logarithmic or quadratic transformations Survival rates were estimated 

by the Kaplan-Meier method.
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Univariable and multivariable regression analyses were performed. The multivariable 

Cox proportional hazard model included all 12 candidate predictors. A Least Absolute 

Shrinkage and Selection Operator (LASSO) method was used to select predictors and to 

shrink the selected predictors according to their relative contribution to the final model.

[25] Internal validation was performed by the bootstrap method, in which new data-

sets are created by random drawing from the sample with replacement.[26] In each of 

these new datasets (n=200) the entire modelling process, i.e. developing a Cox regression 

model with a LASSO penalty, was repeated. 

Model performance was evaluated by determining the calibration and discrimination.

[26;27] Calibration is the agreement between event rates observed in the population and 

event rates predicted by the model for groups of patients at a certain time. To evaluate the 

calibration, we divided the dataset in 10 subgroups based on the predicted risk of dying 

from EOC. In each subgroup, we calculated the mean predicted probability of dying from 

EOC and the mean observed fraction of dying from EOC at 5 years. To do this we used an 

adaptive linear spline hazard regression method. The predicted and observed means were 

plotted in a smooth calibration plot. An accurate calibration would show no difference 

between prediction and observation (X=Y and calibration slope = 1). Discrimination is 

the models ability to differentiate between patients who die from EOC and patients who 

will not. Discrimination was calculated through Harrell’s overall concordance (c) statistic. 

We also illustrated discrimination by dividing the dataset into four groups based on the 

height of the linear predictor. A linear predictor is the sum of all regression coefficients 

from a single patient. We plotted a Kaplan-Meier curve for all four groups. Discrimination 

was visualised by the difference in observed survival between these four groups. Finally to 

improve clinical application we created a nomogram based on the lasso coefficients in 

order to easily predict individual 1-year, 3-year and 5-year survivals.

Variables were handled in a datasheet using IBM SPSS Statistics 20.0 (IBM corp.) Ana-

lyses were performed using R version 2.15.3 (R Foundation for Statistical Computing, 

Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-roject.org/). 

results

Patients

Nine hundred and ten patients who were treated surgically for primary EOC between 

1998 and 2010 were identified. We excluded 7 patients because they had EOC with 

a transitional cell type and 63 because they did not receive adjuvant chemotherapy al-

though indicated by their FIGO stage. Therefore the study group consisted of 840 pa-

tients. As 12 predictors were analysed, there were 12*840=10,920 data points. Missing 

values ranged from 0.01% for result of surgery to 23.8% in serum albumin. These were 

subsequently imputed. Patients’ characteristics are shown in Table 1. The mean age was 

59 (range, 22-88) years. Most patients had a FIGO stage III tumour (66%). Tumour origin 

was mostly high grade serous (62%). A total of 462 (54%) patients died from EOC within 

5 years. The median follow up time was 34 months IQR [21-54]. 
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FIGO indicates International Federation of Gynaecology and Obstetrics; BRCA 1-2 indicates BRCA mutation; 
and SCS indicates Surgical Complexity Score (Aletti et al 2007)

total (n=840)

Variable no. (%) or median (iQr) missing values (%)

Age (years) 59 [51-67] 0 (0)

AsA score 46 (5)

ASA 1 261 (31) -

ASA 2 439 (52) -

ASA 3 94 (11) -

Who Performance 106 (13)

WHO 0 419 (50) -

WHO 1 254 (30) -

WHO 2 54 (6) -

WHO 3 7 (1) -

brcA 1-2 11 (1)

No 781 (93) -

Yes 48 (6) -

histology 0 (0)

Low Grade Serous 30 (4) -

High Grade Serous 523 (62) -

Mucinous 53 (6) -

Endometrioid 92 (11) -

Clear cell 46 (5) -

Undifferentiated 96 (11) -

fiGo stage 0 (0)

Stage I 96 (11) -

Stage II 48 (6) -

Stage III 553 (66) -

Stage IV 143 (17) -

Ascites 35 (4)

< 500 ml. 650 (77) -

> 500 ml. 155 (18) -

cA 125 (mmol/l) 562 [163-1822] 44 (5)

Albumin (g/ml) 42 [39-45] 200 (24)

first surgery 0 (0)

PDS 407 (48) -

IDS 433 (52) -

residual tumour 2 (0)

None 405 (48) -

< 10 mm. 252 (30) -

> 10 mm. 181 (22) -

scs 26 (3)

Low 589 (70) -

Intermediate 203 (24) -

High 22 (3) -

table 1 Characteristics of the study population with number of missing values.
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statistical analysis

Median survival was 26 months IQR [15-38]. Overall, the 5 year DSS was 37% (33-

41%). The Kaplan Meier curves for DSS stratified by FIGO stage are shown in figure 

1. The 5 year DSS for stages I, II, III and IV was 88% (81-95), 63% (48-83), 30% (26-

35%), 21% (14-31%), respectively. 

When continuous variables were transformed using spline functions, age as of 75 years 

appeared to decrease the risk of DSS with each increasing year. CA125 was transformed 

using a logarithmic transformation and for Albumin a linear function fitted best.

Table 2 shows the results of the univariable and multivariable analyses. Age, type of 

first surgery, residual tumour at the end of surgery, histology, FIGO stage, WHO per-

formance scale, amount of ascites and BRCA1-2 were all independently associated with 

DSS. In the full model, predictors with a large prognostic strength were residual tumour 

of more than one centimetre (Hazard Ratio (HR) [95% Confidence Interval] 2.4 (95% 

CI 1.85-3.12) as compared to no residual tumour), FIGO stage I (HR 0.19 [0.10-0.37] 

compared to FIGO stage III) and PDS (HR 0.55 [0.43-0.69] compared to IDS). Other pre-

dictors had a smaller prognostic relevance. Amount of ascites had little impact (HR1.27 

[1.01-1-61]). 

figure 1. Five-year disease specific survival according to FIGO stage.
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Predictor
univariable Analysis multivariable Analysis

hr 95% ci hr 95% ci ß*

Age > 75 (years) 1.00 0.997 - 1.006 1.02 0.86-1.22 0.1171

cA125 1.44 1.27 - 1.64 Out

Albumin 0.90 0.81 - 1.01 Out

first surgery

PDS 0.48 0.40 - 0.58 0.55 0.43-0.69 0

IDS 1 1 0.5961

residual tumour

None 1 1 0

< 10 mm. 2.38 1.92 - 2.94 1.73 1.37-2.18 0.5230

> 10 mm. 2.76 2.21 - 3.46 2.4 1.85-3.12 0.8648

histology

Low Grade Serous 0.44 0.24 - 0.81 0.57 0.31-1.05 0

High Grade Serous 1 1 0.3752

Mucinous 0.54 0.34 – 0.84 1.6 0.98-2.61 0.7982

Endometrioid 0.33 0.23 – 0.48 0.7 0.47-1.04 0

Clear cell 0.55 0.35 – 0.88 1.46 0.90-2.39 0.7269

Undifferentiated 0.89 0.67 - 1.16 0.9 0.67-1.20 0.2606

fiGo stage

Stage I 0.12 0.07 - 0.21 0.19 0.10-0.37 0

Stage II 0.30 0.17 - 0.53 0.55 0.30-1.00 0.8542

Stage III 1 1 1.4680

Stage IV 1.28 1.03 - 1.60 1.23 0.96-1.56 1.6464

Who performance

WHO 0 1 1 0

WHO 1 1.62 1.33 - 1.97 1.24 0.98-1.56 0.1868

WHO 2 2.18 1.56 - 3.04 1.65 1.15-2.37 0.5005

WHO 3 4.98 2.30 – 10.79 2.44 1.09-5.45 0.8278

AsA score Out

ASA 1 0.89 0.72 - 1.09

ASA 2 1

ASA 3 1.29 0.98 - 1.71

Ascites

< 500 ml. 1 1 0

> 500 ml. 1.46 1.19 - 1.81 1.27 1.01-1.61 0.2162

brcA 1-2

No  1  1 0

Yes 0.45 0.28 - 0.71 0.47 0.29-0.77 -0.7277

scs Out

Low 1

Intermediate 0.98 0.79 - 1.21

High 1.25 0.77 - 2.02

Based on 10 imputed datasets with (n=840). *Regression coefficient of the model with the LASO method; 
HR = Hazard ratios; 95% CI = 95% confidence intervals; The baseline hazard at 12, 36 and 60 months are 
respectively 0.08164254; 0.4964721 and 0.9480841.

table 2. Univariable associations between candidate predictors and disease specific survival and multivariable 
Cox regression model for the prediction of survival. 
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Stability was studied over the 200 bootstrap samples. Type of surgery, amount of re-

sidual tumour and FIGO stage were selected in all 200 bootstrap samples. ASA, SCS, 

albumin and CA125 were selected in 52 (26%), 67 (33.5%), 68 (34%) and 120 (60%) 

of the cases, respectively, and therefore left out of the model.

The calibration was good as is visualised in figure 2. Furthermore the model had a good 

discriminative capacity; the c-statistic of the final model was 0.71 (95% CI 0.69 to 0.74). 

In addition, we divided the dataset in four groups based on the linear predictor and we 

plotted Kaplan Meier curves (figure 3). Group one had the lowest risk of dying and group 

four had the highest. The chance of being alive at the five year follow up was considerably 

higher for group one (75%) than for group four (10%). Although no stage I patients are 

in group four, 66 FIGO stage III and 6 FIGO stage IV patients are in group one. Unlike as 

predicted by there FIGO stage, these patients have a good prognosis.

The nomogram of the model with an illustrative example is presented in figure 4. This 

is a user-friendly presentation of the coefficients. It can be used to estimate survival in 

an individual patient. 

figure 2. Validation plot at 60 months. Calibration is visualised by the different lines. The grey line implicates 
an ideal calibration (X=Slope=1). The Black line corresponds to the mean observed fraction of deaths from 
EOC in this dataset. The blue line corresponds to the bootstrap corrected observed fraction of deaths from 
EOC. Distribution of predicted probabilities is shown at the top by the small bars. (For interpretation of the 
reference to colour in this figure legend, the reader is referred to the web version of this article)
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Discussion

In this study we developed a prognostic model to predict five-year survival in patients 

with primary EOC treated with primary debulking surgery or NACT-IDS. The model 

incorporates eight factors to be predictive of survival. The model showed an accurate 

calibration and it has a good ability to discriminate between those who will die from 

EOC within five years and those who will survive five years. Therefore, this model 

allows prediction of an individual’s survival and division of patients into low- or high-

risk groups to select them for treatment or follow-up protocols.

All predictors are readily available in current daily practise. Therefore the model will be 

easily applicable and the nomogram further improves clinical application of the model. 

Type of surgery, amount of residual tumour and FIGO stage, histology and WHO per-

formance status are the strongest predictors in our model. These findings are in line 

with the current literature, since these variables were described earlier as the most im-

portant predictive factors.[3;4;28] 

Several models for EOC patients have been developed.[10-13;29] To our knowledge 

this is the first prediction model for survival to include patients with EOC treated with 

both primary and interval debulking surgeries. Currently only two models incorpor-

ate all stage patients, however one was developed on patients from an era in which 

treatment regimens differed from the current standard.[29] The other study excluded 

patients with a mucinous tumour.[13] In our model patients with all histological types of 

figure 3. Kaplan-Meier curves of four groups based on the linear predictor. Group 1 had the lowest risk of 
dying and group 4 had the highest. The chance of being alive at the five year follow-up was considerably 
higher for group 1 (75%) than for group 4 (10%). Group one to four consisted respectively of 221, 220, 201 
and 208 patients.
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EOC treated with platinum and taxane based chemotherapy are included. The models 

developed by Chi et al, Teramukai et al. and Gerestein et al. included only advanced 

stage patients and were recently externally validated.[30] The first two systematically 

overestimated the 5-year overall survival probability in the validation cohort. However 

after recalibration because of lower 5-year overall survival probabilities in the validation 

cohort, the models showed nearly perfect calibration.

Another strong point of our model is sole incorporation of predictors identified in 

studies as being of prognostic significance.[26] Thus, we did not use our dataset to 

find possible predictors but only verified the possible predictive value of a variable. By 

doing so, we decreased the risk of including noise variables or introducing bias through 

selection. To adjust for possible overfitting, the regression coefficients of a predictive 

model need to be reduced. We used a LASSO method to correct for overfitting. The 

strength of this method is that the influence of weaker predictors is more reduced than 

the influence of stronger predictors.[26] This resulted in relatively more contribution of 

stronger predictors to the final model and less contribution of weaker predictors.

It is impossible to assess the clinical value of prediction models by comparing them 

with one another, since the true value of a model can only be appreciated by external 

validation and impact studies.[9;31] Therefore we aim to externally validate this model. 

We expect that our use of a study population from three gynaecologic oncologic centres 

to develop a prediction model will better reflect the overall population of women with 

EOC than a model developed on a single-centre population. Potential differences in 

baseline characteristics of patients from the different centres can be neglected because 

the predictors used in the model are baseline factors known to influence survival. No 

significant difference in overall survival was seen between the centres. 

One of the limitations of our study is the heterogeneity of treatment during follow 

up. When a patient experienced a recurrence there were different therapeutic options 

of which none has proven to be better in a randomised trial.[32;33] Therefore we do 

not expect this to influence the final model. Another potential limitation of our model 

is that not all patients reached 60 months of follow-up. However we have chosen to 

include these patients, because the individual follow-up data contributes to the model. 

A last limitation might be that our nomogram contains eight predictive factors. Imple-

mentation in daily practise could therefore be cumbersome and its appearance could be 

complicated at first sight. A concern of our model could be that the amount of residual 

tumour after debulking surgery is not an independent prognostic factor but rather re-

sembles tumour biology.[19] For a prediction model this issue does not matter because 

our goal is to accurately predict survival rather than prove a causal relationship between 

survival and residual tumour. Predicting survival is perfectly possible when residual tu-

mour functions as a surrogate predictor instead of an independent predictor.[9] 

Although other models used histologic type as a predictive marker, this is the first 

model to differentiate between high and low grade serous carcinomas. These tumours 

differ not only in pathogenesis [34], but also in response to chemotherapy and survival 

[35;36]. Therefore incorporation of these subgroups is required.
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In sum, we developed and internally validated a model predicting disease specific 

survival of patients with EOC who were treated with cytoreductive surgery and adjuvant 

platinum- and taxane based chemotherapy. With this model the individual disease-spe-

cific survival can be accurately predicted for patients treated with PDS or NACT-IDS. Our 

model provides the liberty to create risk groups as desired by the user. In addition it cal-

culates a risk on a continuous scale for a wider specified group of patients. The model 

was internally validated but needs external validation before it can be used in clinical 

practise. When our model performs well at external validation it will be a useful tool, as 

the ability to reliably predict outcomes may enhance patient-physician communication, 

shared decision-making, and clinical trial design.

figure 4. Nomogram to predict 1-year, 3-year and 5-year survivals for patients with epithelial ovarian cancer. 
Coefficients are based on the LASSO method.
Histology: I= Low Grade Serous; II= Endometrioid; III= Undifferentiated; IV= High Grade Serous; V= Clear cell 
and VI= Mucinous; for mixed histology histological subtype which represents the largest percentage should 
be used.

Example: 55 year old women with stage IIIC high grade serous ovarian cancer, WHO performance status 3 
and a negative family history for BRCA. She underwent an interval debulking surgery, there was no ascites 
present at surgery and at the end of surgery residual disease smaller than 1 cm in diameter was left. The 
nomogram predicts a one year chance of survival of 77% and a five year chance of survival of 5%.
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4.

TH-BSO, total hysterectomy-bilateral salpingo-oophorectomy.
Aletti. Relationship among surgical complexity, short-term morbidity, and overall survival in primary surgery for 
advanced ovarian cancer. Am J Obstet Gynecol 2007.

supplementary table 1. Surgical complexity scoring system based upon complexity and number of surgical 
procedures performed

Procedure Points

TH-BSO 1

Omentectomy 1

Pelvic lymphadenectomy 1

Paraaortic lymphadenectomy 1

Pelvic peritoneum stripping 1

Abdominal peritoneum stripping 1

Rectosigmoidectomy_T-T anastomosis 3

Large bowel resection 2

Diaphragm stripping/resection 2

Splenectomy 2

Liver resection/s 2

Small bowel resection/s 1

Complexity score groups Points

1 (low) 3 or fewer

2 (intermediate) 4-7

3 (high) 8 or more


