
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Predictive factors in epithelial ovarian cancer: Towards individualized patient
care

Rutten, M.J.

Publication date
2015
Document Version
Final published version

Link to publication

Citation for published version (APA):
Rutten, M. J. (2015). Predictive factors in epithelial ovarian cancer: Towards individualized
patient care. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/predictive-factors-in-epithelial-ovarian-cancer-towards-individualized-patient-care(410998c5-e431-4376-b56d-6666dbb0f345).html


 chAPter 7

Development and external  
validation of a model to predict 
residual disease after debulking 

surgery in advanced ovarian  
cancer patients using ct findings

M.J.Rutten
R. van de Vrie

E. Schuit
A. Bruining

A.M. Spijkerboer
J.H.T.M. van Waesberghe

B.W.J. Mol
G.G. Kenter

M.R. Buist

Submitted for publication



110 Chapter 7 Predicting advanced ovarian cancer surgery results

AbstrAct

objective

Prediction of residual disease (RD) after debulking surgery is of utmost importance to 

guide treatment in advanced epithelial ovarian cancer (EOC). We aimed to develop and 

externally validate a model to predict any RD after both primary debulking surgery (PDS) 

and interval debulking surgery (IDS) for advanced EOC using computed tomography 

imaging (CT) findings.

methods

A multicenter cohort of 643 consecutive patients who had debulking surgery for ad-

vanced EOC (FIGO [International Federation of Gynaecology and Obstetrics] stage IIIC/

IV) was used. We used logistic regression analyses to develop the model with clinical 

and CT variables of 162 patients treated with PDS. We subsequently validated the model 

using 481 patients treated with IDS. Model performance was assessed by discrimination 

(c-statistic) and calibration. A nomogram was developed to increase clinical applicability.

results

In the development cohort 106 patients (65%) had RD. Our model included WHO-per-

formance status, diaphragmal, mesenterial and omental tumour deposits and extension 

of omental disease to surrounding structures. The model had a c-statistic of 0.79 (95% 

confidence interval (CI) 0.72 to 0.86) at development and showed accurate calibration. 

At validation 252 patients (52%) had RD and performance was moderate (c-statistic 

0.64 95% CI 0.59-0.69).

conclusion

Our model combining CT findings and WHO-performance status can accurately predict 

RD of patients scheduled for PDS. The model should be updated to increase predict-

ive performance for patients treated with IDS. Implementation of the model in clinical 

practice can help the individual surgeon to optimize surgery result and aid in shared 

decision making.



111 Predicting advanced ovarian cancer surgery results

7.

introDuction

Epithelial ovarian cancer (EOC) is the most lethal gynecologic malignancy. Worldwide, 

annually 200.000 women are diagnosed with EOC. Primary debulking surgery (PDS) is 

the standard treatment for patients with advanced EOC, if complete debulking seems 

possible.[1] However, when debulking to less than one centimetre residual tumour 

seems not feasible, neoadjuvant chemotherapy followed by interval debulking surgery 

(IDS) is preferred.[2] 

Complete debulking, without any residual tumor after surgery, should be pursued to 

obtain the best prognosis.[3;4] The probability that residual tumor remains after PDS 

ranges between 20% and 80%.[3] An alternative treatment strategy is neo-adjuvant 

chemotherapy followed by IDS. With this strategy more often complete resection is 

achieved, however without an appreciably better overall survival.[2;5;6] Consequently, 

the selection of patients who will benefit from debulking surgery, i.e. in whom absence 

of disease after surgery is possible, should be optimized. 

In order to increase the accuracy of preoperative prediction of whom would bene-

fit from surgery, many studies have been performed to identify predictors for subop-

timal debulking.[7] Clinical features as well as serum tumor markers, imaging findings 

and more invasive methods as laparoscopy are studied to identify patients who will 

have minimal residual disease after debulking surgery, however none have proven to 

be accurately selective.[7-10] Therefore the decision for surgery is merely based on 

physicians’ judgement after diagnostic work-up. Computed tomography (CT) is used 

in pre-operative staging of patients suspected of having ovarian cancer for predicting 

operability and to determine treatment.[11;12] CT imaging findings associated with re-

sidual disease after primary debulking surgery are tumour on the diaphragm, disease of 

more than two centimetre, diffuse peritoneal thickening, large volume of ascites, mes-

enterial implants, extension of omental disease to surrounding structures.[8] Several 

studies combined these preoperative CT findings and developed prediction models to 

select patients for PDS.[8;12] Yet, specificity ranged between 57% and 97% and in an 

external population even dropped to 64%.[13] However, although CT is at present the 

best non-invasive predictive procedure, the reported specificity in the original cohort 

could not be confirmed with cross validation, therefore it is not accurate enough to 

guide clinical management.[8;13-15]

As it is evident that surgery leaving residual disease has little added therapeutic 

value[16;17], the pre-operative assessment of resectability becomes more important. In 

order to better identify patients in whom surgery does not improve outcome as com-

pared to immediate chemotherapy, this study aims to develop and validate a model us-

ing CT findings and clinical features to accurately predict resectability of disease without 

macroscopic residual tumour in patients with advanced EOC. 
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methoDs

study population

Consecutive patients who underwent cytoreductive surgery at one of three oncolo-

gic centers of the Centre for Gynecologic Oncology Amsterdam (Academic Medical 

Centre, Free University Medical Centre and Netherlands Cancer Institute) for primary 

EOC FIGO stage IIIC-IV between January 1998 and January 2013 were identified from a 

prospective clinical cancer registry. All patients underwent surgery by a gynaecological 

oncologist. PDS was performed if in the opinion of the multidisciplinary team, consisting 

of gynaecologic oncologists, medical oncologists and dedicated radiologist, debulking 

surgery of all visible tumour to less than one centimetre in diameter was possible. Pa-

tients with more extensive disease and those unable to undergo surgery started neo-ad-

juvant chemotherapy and were treated with IDS after 2-3 cycles of chemotherapy. Every 

operative cytoreductive procedure was performed with the aim to remove all macro-

scopic tumor; this included surgical removal of all tumour masses, along with bilateral 

salpingo-ophorectomy, hysterectomy and radical omentectomy and if necessary radical 

abdominal surgery. 

Only patients with a retrievable CT scan performed maximal 8 weeks prior to surgery 

were included. If the scan was performed without oral or intravenous contrast, patients 

were excluded. CT scans were performed on conventional and helical scanners from 

different manufacturers at the three centers with slice thickness varying from 1 to 5 mil-

limetres. All retrieved CT scans were revised by experienced and dedicated radiologists 

in gynaecological oncology (AF, AS, JW) and scored according to a standard protocol. 

CT scans were reviewed without knowledge of the surgical outcome.

Patients were divided in the development or validation cohort based on the type of 

surgery: patients in the development cohort were primarily treated with surgery (PDS) 

and the patients in the validation cohort had debulking surgery after NACT (IDS). The 

patients treated with IDS were included from 2006 onwards, because before that date 

IDS was merely performed after PDS with residual disease of more than one centimetre.

outcome and predictors

The outcome measure was macroscopic residual disease after debulking surgery, 

defined as any tumour deposits (>0cm) left after debulking surgery. Candidate pre-

dictors for residual disease were selected based on literature and clinical reasoning and 

included clinical and pathological characteristics and imaging findings. Clinico-patho-

logical data included age at diagnosis (years), WHO performance status (WHO-PS) (0 

or higher), International Federation of Obstetrics and Gynaecology (FIGO) stage (IIIC 

or IV), serum CA-125 concentration at start of treatment, serum albumin concentra-

tion before surgery, histological classification divided in serous (reference), mucinous, 

endometrioid, clearcell and undifferentiated epithelial tumours and grade according 

to Silverberg (poor, moderate, good (reference))[18], and American Society of Anaes-

thesiologists (ASA) score (1 (reference), 2, 3). Selected CT imaging findings were all 
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dichotomous scored as present or absent and included diaphragmal disease of more 

than two centimetre in diameter, diffuse peritoneal thickening, large volume of ascites 

(visible on more than 2/3 of all CT slices), mesenterial implants, omental disease and 

extension to surrounding structures, such as stomach or spleen, disease in or on the liver 

and infra- or suprarenal lymph nodes. 

 

statistical analysis

Baseline characteristics of the development and validation population were determ-

ined using descriptive statistics. The variables albumin concentration, WHO perform-

ance status, ASA classification, disease in or on the liver, diffuse peritoneal tumour and 

mesenterial disease had missing values. Missing data are often not missing completely 

at random, but rather selectively missing. Leaving out the patients with missing values 

(complete case analysis) could result in a loss of precision and biased study results.

[19;20] Imputation of selectively missing values can reduce bias and allows for the inclu-

sion of all women in the analysis. Therefore, with the assumption of missing at random 

(MAR) these missing values were 10 times multiple imputed. The imputation models 

included all the candidate predictors and the outcome.

Univariable and multivariable logistic regression analysis was performed with residual 

disease (yes/no) as outcome measure. For each candidate predictor the odds ratio for the 

chance of residual disease was calculated. Age at diagnosis, serum albumin concentration 

and CA-125 concentration were analyzed as continuous variables. Linearity of their asso-

ciation with the outcome was assessed using restricted cubic splines.[21]

Although pre-selection based on the univariable analysis is in general not recommen-

ded, we performed a pre-selection for the multivariable analysis based on the p-value 

(<0.01) in the univariable analysis in order to retain a reasonable number of events per 

variable to fit the multivariable model.[22] To determine which combination of potential 

predictors best predicted the outcome we used logistic regression with backward step-

wise selection based on Akaike’s Information Criterion (AIC).[23] For variables with one 

degree of freedom (df) the AIC corresponded to a p-value of 0.157. This strategy ensured 

an optimal balance between inclusion of true predictors and exclusion of noise variables. 

To account for differences between imputation sets, predictor selection was performed 

in each imputation set separately. For inclusion in the final prediction model, we used 

the majority method, i.e. predictors were included in the final model if selected in at 

least five out of ten imputed data sets.[24] Afterwards the regression coefficients and 

standard errors of this final model were estimated in each imputation set separately 

and combined using Rubin’s rules to end up with the regression coefficients of the final 

multivariable model.

With every model development there is a chance of overfitting, meaning that the 

model is too strongly fit to the data from which it was developed and consequently 

may perform poorly when validated externally. In order to assess the degree of over-

fitting or optimism, we internally validated the model using bootstrapping techniques, 
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in which new data sets are created by random drawing from the sample with replace-

ment.[23] One hundred bootstrap samples were drawn from the original data set with 

replacement, allowing for multiple sampling of the same individual. Within each boot-

strap sample the entire modelling process described above was repeated. The overall 

shrinkage factor was calculated as the difference between performance in the original 

sample and performance in the bootstrap samples.[23] The regression coefficients of 

the predictors were multiplied with this shrinkage factor (uniformly shrunken) to correct 

the model for optimism and overfitting.[21]

Model performance was evaluated by determining the discrimination and calibration. 

[23;25;26] Discrimination is the models ability to differentiate between patients who 

have residual disease after surgery and patients who will not. Discrimination was calcu-

lated through Harrell’s overall concordance (c) statistic. A c-statistic can be interpreted 

as the area under the receiver operating characteristic (ROC) curve. 

Calibration is the agreement between observed event rates and predicted event rates 

for groups of patients at a certain time. To evaluate the calibration, we divided the 

dataset in ten equally sized subgroups based on the predicted risk of having residual 

tumour. In each subgroup, we calculated the mean predicted probability of having re-

sidual tumour and the mean observed fraction of having residual tumour. The predicted 

and observed means were plotted in a smooth calibration plot. An accurate calibration 

would show perfect agreement between prediction and observation (X=Y and calibra-

tion slope = 1). 

Furthermore, the following accuracy measures were assessed: sensitivity (or true pos-

itive rate), specificity, positive predictive value, negative predictive value, and false pos-

itive rate at different cut-off values based on the deciles of the predicted probabilities. 

Finally to improve clinical application we created a nomogram based on the shrunken 

coefficients to easily predict surgery result. 

external validation

To investigate the performance of the model in a population other than the devel-

opment population we applied the model to the validation population. Again, 

missing values were imputed using multiple imputation (10 times). Univariable ana-

lysis in the validation cohort was done to compare the effect of the predictors for 

the chance of residual disease between the validation and development cohort. 

To adjust for a difference in the development population and the validation set, the 

intercept of the original model was updated, which is common practice when validating 

prediction models in external data.[27] A correction factor was calculated by taking 

the logarithm of the total result of the incidence of the outcome in the validation set 

divided by 1 minus this incidence divided by the mean predicted risk in the validation 

set divided by 1 minus this mean. By adding this correction factor to the intercept of 

the original model, the model was updated.[27] Further assessment of model calibra-

tion was performed after adjusting the intercept to re-estimate the calibration slope as 

previously described.
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Data was prepared using IBM SPSS Statistics 20.0 (IBM corp.) Analyses were per-

formed 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

Development and internal validation

Of 162 patients treated with PDS 106 had residual disease. Mean age was 61 years (+/- 

SD 11), 8% of patients had FIGO stage IV disease and 75% of tumours were of serous 

histology. Mesenterial and liver disease were most often seen at CT imaging in respect-

ively 60% and 56% of patients. Other baseline characteristics are presented in table 1. 

Assessment of the linearity of the associations between continuous variables and the 

outcome showed that age was not linearly associated with residual disease. Based on 

this finding we decided to categorize age at diagnosis into three groups ≤ 56, 57-60 and 

> 60 years. Serum CA-125 concentration and albumin concentration were not linearly 

related with the outcome and were transformed using a logarithmic transformation to 

achieve linearity. 

The results of the univariable and multivariable regression analyses are presented in 

table 2. Univariable analysis showed that nine predictors were significantly associated 

(p< 0.01) with residual disease: WHO-PS of one and higher, serum CA 125 concen-

tration at start of treatment, diaphragmal tumour deposits of more than two centi-

metre, disease in or on the liver, diffuse peritoneal thickening, large volume of ascites, 

mesenterial disease, omental disease and extension of omental disease to surrounding 

structures. The final model identified in multivariable analysis showed that diaphragmal 

disease larger than two centimetre (OR 2.5 95% CI 0.75 - 8.1), omental extension to 

surrounding structures (OR 2.7 95% CI 0.60-12.0), mesenterial disease (2.2 95% CI 

0.91- 5.5), omental disease (OR 1.8 95%CI 0.80 - 4.0)) and WHO-PS ≥ 1 (OR 2.0 95%CI 

0.86-4.5) increased the risk of residual disease. 

The predicted probabilities derived from our multivariable model ranged from 37.2% 

until 96.9%. The model has a good discriminative ability with a c-statistic of 0.79 (95% 

CI 0.72-0.86), and showed accurate calibration (figure 1). 

Accuracy measures for the different cut-off values of the predicted risk of residual 

disease after debulking surgery are presented in table 3. A nomogram predicting resid-

ual disease after debulking surgery was constructed with the 5 predictors based on the 

multivariable model (figure 2)
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table 1. Characteristics of the development (n=162) and validation (n=481) cohort. Patients in the 
development population were scheduled for primary debulking surgery. Patients in the validation cohort were 
treated with interval debulking surgery

Development cohort 
n= 162

Validation cohort
n= 481

Age, mean (SD) 60.6 (10.9) 62.6 (10.6)

fiGo stage, n (%)

IIIC 149 (91.9) 347 (72.1)

IV 13 (8.1) 134 (17.9)

Who performance status, n (%)

0 96 (59.2) 185 (38.5)

1 50 (30.9) 130 (27.0)

> 2 11 (6.8) 39 (8.1)

Missing, n (%) 5 (3.1) 127 (26.4)

AsA, n (%)

1 41 (25.6) 158 (32.8)

2 93 (57.5) 275 (57.1)

3 22 (13.8) 48 (10.1)

Missing, n (%) 6 (4.1) 0 (0)

cA125 before treatment, median (IQR) 611.0 (226.0 – 1758.0) 941 (339.6-2280)

Albumin concentration, median (IQR) 41.6 (37.0 – 44.0) 43.0 (40.0-45.9)

Missing, n (%) 40 (25%) 150 (31%)

Histology, n (%)

Serous 122 (75.0) 393 (81.7)

Mucinous 7 (4.4) 7 (1.5)

Endometrioid 15 (9.4) 16 (3.3)

Clearcell 7 (4.4) 9 (1.9)

Undifferentiated 5 (3.1) 52 (10.8)

Other epithelial tumour 5 (3.1) 4 (0.8)

Grade by silverberg, n (%)

1 8 (5.0) 14 (2.9)

2 37 (23.1) 45 (9.4)

3 87 (53.8) 169 (35.1)

Missing 30 (18.1) 253 (52.6)

residual disease, n (%) 106 (65.4) 252 (52)

ct features, n (%)

Diaphragm disease >2 cm 41 (42.3) 72 (15.0)

Liver 50 (56.3) 9 (1.9)

Diffuse peritoneal thickening 42 (47.1) 129 (26.8)

Ascites (>2/3 slides) 51 (55.7 5 (1.0)

Mesenterial disease 58 (60.2) 159 (33.1)

Omental implants 117 (53.6) 378 (78.6)

Omental extension 27 (26.7) 79 (16.4)

Suprarenal lymph nodes 17 (18.7) 2 (0.4)

Infrarenal lymph nodes 46 (55.2) 3 (0.6)
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table 2. Univariable and multivariable associations of residual disease after debulking surgery in the development 
cohort. Number (n) of cases with and without residual disease for each predictor are also presented. 

residual disease univariable analysis multivariable analysis

characteristic Yes  
(n = 106)

no 
(n=56)

or (95% ci) p-value β or (95% ci)a

intercept -0.52

Age

≤ 56 years 37 20 1

57-65 years 29 19 0.83 (0.37-1.83) 0.636 - -

>66 years 40 17 1.27 (0.58-2.79) 0.550 - -

fiGo stage iV 9 (5.6%) 4 (2.5%) 1.21 (0.35-4.11) 0.765 - -

Who ≥1 52 (32.1%) 12 (7.4%) 3.39 (1.59-7.21) 0.001b 0.68 1.97 (0.86-4.52)

AsA classification

ASA 1 26 19 1 - -

ASA 2 63 32 1.36 (0.64-2.89) 0.423

ASA 3 15 7 1.46 (0.49-4.33) 0.498

cA 125 before treatment 
median (IQR)

846  
(269-2172)

411 
(156-1029)

1.42 (1.11-1.83) 0.006b Not selected

Albumin before 
treatment, median (IQR) 

40  
(21-43)

43  
(39-45)

0.92 (0.86-0.99) 0.012

histology, n 

Serous 83 39 1 -

Mucinous 3 4 0.35 (0.08-1.65) 0.186

Endometrioid 6 9 0.31 (0.10-0.94) 0.039

Clearcell 6 1 2.82(0.33-0.23) 0.345

Undifferentiated 4 1 1.88(0.20-17.38) 0.578

Other epithelial tumour 4 2 0.70 (0.11-4.39) 0.708

Grade by silverberg, n

1 5 8 1 -

2 34 13 4.50 (0.90-22.40) 0.066

3 65 37 2.87 (0.64-12.79) 0.168

ct features

Diaphragm disease >2 cm 37 4 7.03 (2.36-20.97) <0.001b 0.90 2.46 (0.75- 8.12) 

Disease in or on Liver 40 10 2.81 (1.13-6.19) 0.010b Not selected

Diffuse peritoneal 
thickening

35 8 3.13 (1.30-7.57) 0.010b Not selected

Ascites (>2/3 slides) 42 9 3.43 (1.52-7.72) 0.003b Not selected

Mesenterial disease 47 9 4.14 (1.84-9.32) 0.001b 0.81 2.24 (0.91- 5.51) 

Omental implants 87 30 3.97 (1.93-8.17) < 0.001b 0.58 1.78 (0.80 - 3.96) 

Omental extension to 
surrounding structures

25 2 6.88 (1.63-29.12) 0.006b 0.99 2.69(0.60- 12.00) 

Suprarenal lymph nodes 14 3 2.72 (0.75-9.90) 0.129 -

Infrarenal lymph nodes 32 14 1.30 (0.62-2.70) 0.487 -

OR, odds ratio; CI, confidence interval; ß, regressions coefficient; FIGO, International Federation of  
Obstetrics and Gynecology.
a Adjusted for optimism with a mean (over imputation sets) shrinkage of 0.76.
b Statistically significant with a p-value < 0.01 and therefore selected for multivariable analysis.
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external validation

After IDS, 252 of 481 patients had residual disease. FIGO stage IV and omental implants 

were more often present in the validation cohort than in the development cohort while 

diaphragmal, liver and mesenterial disease, and large volumes of ascites were seen less 

often. The baseline characteristics are presented in table 1.

Univariable analysis in the validation cohort identified the same predictors as in the 

development cohort to effect residual disease after debulking surgery. However for 

some predictors the odds ratio were smaller than in the development cohort (data not 

shown). At external validation the overall probability of residual disease was overestim-

ated by the model (67% predicted vs. 52% observed). Therefore we performed recalib-

ration by updating the intercept. After recalibration the mean predicted probability was 

54% and the predicted risks of residual disease were in agreement with the observed 

proportions of residual disease, indicating good calibration (figure 3). The discriminative 

ability of the model was moderate with a c-statistic of 0.64 (95% CI 0.59-0.69), which 

is lower than found with internal validation. 

figure 1. Calibration plot of the observed proportion against the predicted probability of residual 
disease after debulking surgery. The dotted line represents the ideal line where the actual probability of 
residual disease matches the predicted probability. The solid line represents the observed residual risk 
where the actual probability is slightly different from the predicted probability. The dots indicate quintiles 
with confidence intervals of patients with similar predicted risk.
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figure 2. Nomogram for predicting residual disease after debulking surgery.  
For instance; on the axis with WHO performance status locate if the patient’s performance status is 0 or 1 
and higher. Determine the number of points associated with the performance status by drawing a straight 
line from the WHO axis upward to the “Points” axis. This procedure can be repeated for the other axes of 
diaphragm disease, mesenterial disease, omental implants and omental extension. Sum the points received 
for each predictor and locate this number on the “Total points” axis. To conclude the risk of residual disease 
draw a straight line down to the corresponding “Predictive Value” axis. For example, a patient with a WHO 
performance of 2, mesenterial disease and omental implants, but without diaphragm disease or omental 
extension would have 180 points in total, corresponding to 82% chance of residual disease after debulking 
surgery.

Points
0 20 40 60 80 100

WHO>=1
0

1

Diaphragm > 2cm
0

1

Mesentery
0

1

Omental implants
0

1

Omental extension
0

1

Total Points
0 50 100 150 200 250 300 350 400

Predicted Value
0.4 0.5 0.6 0.7 0.8 0.85 0.9 0.95 0.98

Cut-off value Sens Spec PPV NPV TPR FPR

> 40% 94.2 33.0 72.7 75.2 94.2 67.0

> 50% 94.2 33.0 72.7 75.2 94.2 67.0

> 60% 68.1 75.0 83.8 55.4 68.1 25.0

> 70% 57.1 85.7 88.3 51.3 57.1 14.3

> 80% 40.2 93.6 92.2 45.3 40.2 6.4

> 90% 22.6 98.2 96.0 40.1 22.6 1.8

table 3. Accuracy measures (%) for different cut-off values of the predicted risk of residual disease

sens: sensitivity; spec: specificity; PPV: positive predictive value; NPV: 
negative predictive value;  
TPR: true positive rate;FPR: false positive rate
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Discussion

We developed and externally validated a model for prediction of residual disease 

after debulking surgery for advanced ovarian cancer using mainly CT findings. The 

final model consisted of five variables available after CT imaging and before start of 

surgery, i.e. diaphragmal disease of more than two centimetre, mesenterial disease, 

omental disease and extension to surrounding structures and WHO performance 

status, and showed good performance at internal validation. When applied to an 

external population model, performance was substantially lower.

Information on the risk of residual disease after debulking surgery guides treatment 

and could improve treatment strategies by lowering the number of futile laparotomies. 

A large advantage of a prediction model is that the variables are combined allowing for 

a more precise prediction. Yet, it will complement rather than replace clinical decision 

making by combining risk factors for residual disease in an objective way. The use of a 

small number of readily available variables in this model, ensures easy adherence in daily 

practice. Moreover, the developed nomogram further improves the clinical applicability 

of the model. 

figure 3. Observed risk of residual disease by predicted risk for patients treated with interval debulking 
surgery for advanced ovarian cancer. The dots indicate deciles with confidence intervals of patients with 
similar predicted risk. The intercept (-1.11) was adjusted with factor -0.5919 to adjust for the difference 
between the development set and the validation set.
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Several studies investigated computed tomography factors as potential predictors 

for residual disease after debulking surgery.[13;28-30] Although many models are de-

veloped to guide surgical treatment in advanced EOC, few have been externally valid-

ated [13;14] and none are used to guide treatment. The strength of our study lies in the 

external validation. We did not only develop a model but also validated the model in 

a population that was different from the development population. Although one can 

question the validity due to the difference in time setting of the debulking procedure, 

we deem it justifiable to validate our model in this population of patients who were 

treated with IDS. This, because the surgical procedures performed are the same at 

primary and interval debulking, although at a different moment in treatment. Even so, 

the goal of surgery is identical, i.e. removal of all macroscopic tumour, and was scored 

in an identical way. The outcome predicted by the model is thus equal in both settings. 

Therefore we choose to validate our model in this cohort. 

In the present study strict rules were applied to guaranty a predictive model of good 

quality.[31;32] Not a huge number of hypothetically potential predictors were tested 

but only predictors that showed to be correlated with residual disease in previous stud-

ies.[33] To prevent overfitting we considered at least ten events per predictor [34] Fur-

thermore we corrected for possible optimism using bootstrap procedure. Overall our 

model was developed and validated according to a sound methodological protocol. All 

steps in prediction model development and validation were considered.[31;32] 

Another strength of our study lies in the outcome of our model. Although the GOG 

definition of optimal debulking uses one centimetre as maximal diameter as a cut-off 

[35], several studies have shown a survival advantage for patients without any resid-

ual disease compared to less than one centimetre.[17;36] Therefore the goal of every 

cytoreductive procedure is nowadays to achieve absence of residual disease.[1] Corres-

ponding to this change the outcome of our model was any residual disease in contrast 

to existing models predicting residual disease of less or more than one centimetre. 

This is the first study that focuses on residual disease after debulking surgery for 

primary advanced ovarian carcinoma in general. Existing models including CT findings 

only focused on result of PDS.[33] We adjusted the model so that it would be suitable 

for prediction of result after IDS as well. However, after recalibration it’s discriminative 

capacity was less.

The present study has some potential limitations. Although a prospective maintained 

registry was used for selection of the cohort, the design of the study is retrospective and 

based on a cohort. One of the drawbacks of a cohort study is the possibility of introdu-

cing selection bias. High risk patients, those with severe disease or in poor condition, 

were not treated with PDS and therefore not included in the model development. This 

could cause underestimation of the model when applied in clinical practice. However 

including them in the analyses and grouping them with residual disease as outcome 

would have caused verification bias. 

Another problem that might introduce bias is the time period of inclusion of patients 

in the development cohort. Surgery has become more radical over the years, however 
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the percentage of patients left without residual disease has not changed significantly 

when comparing outcome of surgery over the last six years with years before.

Although a prediction model is an objective tool to predict a certain outcome, out-

come of this prediction model is based on subjective data. The gynaecological onco-

logist performing the surgery estimated that no macroscopic residual disease was left, 

which could be a wrong interpretation. Even so, to asses residual disease after IDS is 

more difficult than after PDS. At IDS it is sometimes difficult to distinguish between 

fibrosis, necrosis or vital residual tumour affected by neo-adjuvant chemotherapy.[37] 

Which could also cause the drop in performance of the model at external validation.

Although serum CA-125 concentration and liver disease are reported previously as 

potential prognostic variables [11;13;14;28;29] these variables were only significantly 

associated with residual disease in univariable analysis in our study and were left out 

the final model. The loss of association in multivariable analyses between CA-125 con-

centration and the outcome is possibly explained by the other prognostic factors in the 

model such as amount of ascites and tumour load, making CA-125 concentration a re-

dundant factor for residual disease prediction. The five variables in the final model have 

all been extensively described before as prognostic variables. We hypothesize that all 

are indicators of more advanced disease, resulting in a higher chance of residual disease.

Our prediction model calculates the probability of residual disease after debulking 

surgery based on computed tomography findings. It can help in the decision on who 

should have surgery and to reduce the chance of futile laparotomies. Even so it can be 

used when informing patients and to facilitate shared decision making. From the clinical 

context we want to avoid residual disease at debulking surgery because of associated 

morbidity without substantial contribution to survival. The clinician wants to be rather 

specific than sensitive in the decision to perform debulking surgery. 

Wider applicability of this model outside our centres requires assessment of generaliz-

ability. The presented model has to be validated in a large, prospective trial or cohort of 

patients suspected of stage IIIC or IV ovarian cancer in other centres and impact analysis 

on overall survival should be assessed. 

In conclusion, tumour localisations visible on CT imaging as well as WHO perform-

ance status predict the risk of residual disease after debulking surgery for advanced 

ovarian cancer. The identified predictors were internally validated by bootstrapping and 

thereafter externally validated in a IDS cohort. The predictors in the model are readily 

available when evaluating CT imaging. The nomogram will allow for fast and easy im-

plementation in clinical practice. After proof of generalizability, this model can help the 

individual surgeon to optimize surgery result and aid in shared decision making, thereby 

providing treatment guidance.
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