
Abstract. Aim: We aimed to construct and validate a model
based on biomarkers to predict complete primary debulking
surgery for ovarian cancer patients. Patients and Methods:
The study consisted of three parts: Part I: Biomarker data
obtained from mass spectrometry, baseline data and, surgical
outcome were used to construct predictive indices for complete
tumour resection; Part II: sera from randomly selected
patients from part I were analyzed using enzyme-linked
immunosorbent assay (ELISA) to investigate the correlation to
mass spectrometry; Part III: the indices from part I were
validated in a new cohort of patients. Results: Part I: The area
under the receiver operating characteristic curve (AUC) was
0.82 for both indices. Part II: Linear regression analysis gave
an R2 value of 0.52 and 0.63 for transferrin and β2-
microglobulin, respectively. Part III: The AUC of the two
indices decreased to 0.64. Conclusion: Our validated model
based on biomarkers was unable to predict surgical outcome
for patients with ovarian cancer.

Primary debulking surgery (PDS), followed by adjuvant
platinum and taxane-based chemotherapy, has long been
considered the standard treatment for patients with ovarian
cancer, and the correlation between residual tumour after PDS
and survival is well-established (1). Recently, the use of
neoadjuvant chemotherapy, followed by interval debulking

surgery, has been suggested as an alternative if cytoreduction
to no residual disease is impossible with PDS (2). However, a
reliable and reproducible method to determine which patients
can be completely debulked has not yet been established.
Several studies have attempted to produce a valid model
predicting the surgical outcome of PDS using a variety of
different approaches, such as different diagnostic imaging
techniques, laparoscopy, clinical characteristics, biological
markers, or a combination of these (3-15). No method has yet
been accepted in the clinical setting (16). There are several
obstacles to overcome before a model can be said to be
adequate in predicting surgical outcome (17). Most
importantly, the method has to be reproducible by others,
which means that external validation is mandatory. To date,
only results from a laparoscopy-based model have been
validated by others, whereas external validation of a computed
tomography-based model have been attempted, with very
inconsistent results (18, 19). The method should also
preferably be relatively cheap, easy to conduct, and non-
invasive. Furthermore, the model should limit the possibility
of major intra- or inter-observer bias. A model that potentially
fits all these requirements is one based on biomarkers from a
blood sample.

The role of proteomic biomarkers in ovarian cancer is still
a subject of research (20). From the Danish Pelvic Mass
Study, two indices based on proteomic markers were found to
correlate well with progression-free and overall survival,
respectively (21), and the Danish Index showed promising
results in discriminating between malignant and benign
ovarian masses (22). Additionally, the ovarian cancer risk
index (OvaRi) was investigated as a predictor for incomplete
cytoreduction on PDS (23). The OvaRi was constructed with a
diagnostic purpose, but nevertheless, predicted complete tumor
resection with a 73% sensitivity at 70% specificity. These
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results indicate that some correlation between proteomic
markers and dissemination of ovarian cancer exists. 

We hypothesised that the proteomic profile of a tumor may
reflect its intrinsic behaviour in regard to the tumor’s
capability to grow and metastasise in a pattern that impairs the
probability of complete tumour removal–for instance, severe
infiltrative growth. 

The primary aim of our study was to construct a clinically-
applicable model using proteomic biomarkers and other
clinically-available characteristics to determine the probability
of complete tumor debulking with PDS and secondly, to
validate our model in a new cohort of consecutive patients. 

Patients and Methods

The patients in this study were previously enrolled in the Danish
Pelvic Mass Study. Details about the study and surface-enhanced laser
desorption/ionization time-of-flight mass spectrometry (SELDI-TOF-
MS) measurements have previously been reported in detail (21).
Briefly, all patients were referred with suspicion of ovarian cancer
between 2004 and 2012. Blood samples were collected within two
weeks of surgery and handled according to biobanking guidelines.
After initial examination, patients were referred for PDS with the goal
of complete debulking. The presence of residual tumour was
estimated by the operating gynaecologist. Exclusion criteria were
pregnancy, previous cancer, and borderline pathology. The Danish
Ethical Committee approved the protocol (KF01-22703 and KF01-
143/04). 

Our study consisted of three parts. In the pilot study (part I),
quantitative data about seven biomarkers (β2-microglobulin,
transferrin, apolipoprotein A1, cysteinylated transthyretin, hepecidin,
internal fragment of inter-α-trypsin inhibitor IV, and connective
tissue-activating protein) previously analyzed by SELDI-TOF-MS
were investigated for their individual association with complete
debulking. All biomarkers were log-transformed (log base 2).
Biomarkers with statistically significant associations were then
combined with age and Cancer antigen 125 (CA125) in order to
construct an index for complete tumour debulking with PDS. Logistic
regression analysis with complete tumour debulking as the dependent
variable was applied with the biomarkers as explanatory covariates.
The logistic models were reduced excluding nonsignificant covariates
in a stepwise fashion. The results are presented as sensitivity,
specificity and the area under the receiver operating characteristic
curve (AUC). Goodness-of-fit was assessed using the Hosmer-
Lemeshow test and 5-fold internal cross validation.

In part II, we randomly selected 29 patients from part I and
analysed their sera using enzyme-linked immunosorbent assay
(ELISA). In contrast to ELISA, SELDI-TOF-MS is a method for
research and not applicable in a clinical setting, hence ELISA was
preferred in order to make our model clinically relevant. The sera had
been stored in a freezer at −20˚C at the Danish Cancer Biobank and
were analysed using laser nephelometry (BN ProSpec; Siemens
Healthcare Diagnostics, Deerfield, IL, USA) with the assays, N latex
β2-Microglobulin and N Transferrin (Siemens Healthcare
Diagnostics).

Linear regression analysis with SELDI-TOF-MS as explanatory
variable and ELISA as dependent variable was applied in order to
investigate the association between the two methods. 

Part III was the validation study in which we tested our model in
a new cohort of consecutive patients. Sample size was determined
based on the criterion that the half-width of the confidence interval
for the AUC of the model should be less than 10%, resulting in a
desired sample size of 140 patients. All patients were treated at the
Department of Gynaecology of the Rigshospitalet Copenhagen
University Hospital, which is a tertiary referral centre, and the
gynaecologists from our oncological section who performed the
surgery were experienced and specialised in gynaecological cancer
surgery. Storage and analysis of sera were identical in parts II and III. 

Tests for differences in baseline data between the cohorts in parts
I and III were carried out using Mann−Whitney U-tests and chi-
square tests where appropriate. The validation set was analysed using
the regression coefficients from the pilot study. The significance level
was set at 5% and analysis was carried out using SPSS version 19.0
(IBM SPSS Inc., Chicago, Illinois, USA) and SAS version 9.2 (SAS
Institute Inc., Cary, North Carolina, USA).

Results

In part I, data from 100 patients were available. Baseline and
surgical data are listed in Table I. In the reduced model, only
transferrin was significantly associated with complete tumor
debulking (p=0.0014). However, since the association for β2-
microglobulin was borderline significant (p=0.0565), we
decided to construct two indices. In both indices, CA125 and
age increased the prognostic value. Hence, one index consisted
of CA125, age, and transferrin (CATindex), and the other
consisted of CA125, age, β2-microglobulin, and transferrin
(CABTindex), and these two indices were selected for the
validation study. Results are presented in Table II. 
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Table I. Baseline and surgical data for patients in the pilot and validation
study.

Part I−Pilot Part III− p-Value
study Validation study 

(n=100) (n=138)

Median age (IQR), years 65 (58-73) 66 (55-74) 0.903
ASA score >2; % (n) 23% (23) 13% (18) 0.045 
ECOG PS >2; % (n) 5% (5) 3% (4) 0.402 
Median CA125 units, (IQR) 818 (364-2131) 522 (178-1210) 0.019 
Stage, % (n)

IIC 0 1% (1)
IIIB 8% (8) 12% (17)
IIIC 65% (65) 73% (101)
IV 27% (27) 14% (19) 0.011†

Serous histology, % (n) 87% (87) 86% (119) 0.894 
Residual tumor, % (n)

0 21% (21) 43% (59) <0.001
≤1 cm 46% (46) 66% (90)* 0.002
>1 cm 54% (54) 34% (47)*

†Comparison of stage IV. *Data missing for one patient. ECOG PS:
Eastern Cooperative Oncology Group performance status; CA125: Cancer
antigen 125; IQR: interquartile range.



In part II, R2 were 0.52 and 0.63 for transferrin and β2-
microglobulin, respectively. 

Data and sera from 138 patients were available in part III.
Baseline and surgical data are listed in Table I, and the
prognostic values of both indices are listed in Table II. A
notable difference between the two cohorts and decrease in
predicative values were observed.

Discussion

In the present study, we aimed to construct a clinically-
applicable model to determine the probability of complete
tumor removal by PDS for patients with ovarian cancer, and
we were encouraged by the promising results from parts I and
II. However, after validation in a new cohort, we found we
were unable to reproduce the initial results of our model.
There are probably several explanations for this. The main
reason may be that the cohorts in parts I and III were not
comparable (Table I). 

All patients except for one in part I were recruited between
2004-2007. In contrast, 93% of the patients in part III were
recruited between 2008-2012. Between these two periods, the
proportion of patients with advanced-stage ovarian cancer that
were not treated with PDS, but instead referred for
neoadjuvant chemotherapy, increased approximately by 300%
(24). This case selection is also reflected in the different
proportions of patients without residual tumour following
PDS. In our study, six patients were not treated at the
Rigshospital Copenhagen University Hospital, and hence, 98%
of all the patients were treated in the same Institution by
virtually the same physicians, but clearly, the altered referral
practice may have affected our results. Nonetheless, in studies
like our own, we believe that validation in a new cohort of
consecutive patients that reflects the background population
and everyday practice in the clinic is essential in order to

evaluate the true accuracy of the model. Hence, we believe
that the validation study was carried out lege artis.

Our failure to reproduce our initial results reflects the
difficulty of referring results from one Institution to another
and may explain why validation studies of similar types of
research are lacking in the literature. Different criteria for
referral of patients for PDS or neoadjuvant chemotherapy,
routines in the preoperative assessments, surgical skills, and
attitude to performing extensive surgery may differ too greatly
between different hospitals to make it possible to construct a
model that would apply in general.

In our model, we selected complete tumour removal as our
outcome since we consider that this outcome should be the
ambition of PDS, is most relevant in regard to survival, and is
least vulnerable to bias caused by postoperative visual
estimation by the operating gynaecologists. However, we also
tested our two indices for their ability to predict residual
tumour of less than 1 cm (data not shown) since some
institutions consider this endpoint relevant. The prognostic
value increased slightly but was still far from relevant.

In conclusion, after the investigation of seven proteomic
biomarkers, we were not able to establish a reproducible
model to determine the probability of complete tumor removal
by PDS.
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Table II. Predicative values for assessing complete tumour removal with primary debulking surgery for patients with ovarian cancer. 

Part I−Pilot study (n=100) Part III−Validation study (n=138)

p-Value Sensitivity at Specificity at AUC Sensitivity at Specificity at AUC
80% specificity 80% sensitivity 80% specificity 80% sensitivity

TRF 0.0014 57 57 0.75 15 33 0.53
B2M 0.046 43 36 0.66 40 46 0.65
Age (per 10 years) 0.014 45 30 0.66 33 43 0.65
CA125 0.005 45 37 0.69 47 26 0.64
CAT 0.003 73 68 0.82 27 43 0.64
CATB 0.002 70 68 0.82 27 42 0.64

CA125: Cancer antigen 125; TRF, transferrin; B2M, β2-microglobulin; CATindex, index of CA125, age and TRF; CABTindex, index of CA125, age,
B2M and TRF; AUC, area under the receiver operating characteristic curve. In Part I, the p-values are for the univariate analyses of the association
between TRF, B2M, age and CA125 and complete tumor debulking (yes versus no). Following, these four components were used in the reduced
models to construct the CAT and CABT indices. 
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