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Abstract The purpose of this study was to develop a novel
index for preoperative, non-invasive prediction of complete
primary cytoreduction in patients with FIGO stage IIIC–IV
epithelial ovarian cancer. Prospectively collected clinical data
was registered in the Danish Gynecologic Cancer Database.
Blood samples were collected within 14 days of surgery and
stored by the Danish CancerBiobank. Serum human epididy-
mis protein 4 (HE4), serum cancer antigen 125 (CA125), age,
performance status, and presence/absence of ascites at ultra-
sonography were evaluated individually and combined to pre-
dict complete tumor removal. One hundred fifty patients with
advanced epithelial ovarian cancer were treated with primary
debulking surgery (PDS). Complete PDS was achieved in 41
cases (27 %). The receiver operating characteristic curves
demonstrated an area under the curve of 0.785 for HE4,
0.678 for CA125, and 0.688 for age. The multivariate model

(Cancer Ovarii Non-invasive Assessment of Treatment
Strategy (CONATS) index), consisting of HE4, age, and per-
formance status, demonstrated an AUC of 0.853. According
to the Danish indicator level, macro-radical PDS should be
achieved in 60 % of patients admitted to primary surgery
(positive predictive value of 60 %), resulting in a negative
predictive value of 87.5 %, sensitivity of 68.3 %, specificity
of 83.5 %, and cutoff of 0.63 for the CONATS index. Non-
invasive prediction of complete PDS is possible with the
CONATS index. The CONATS index is meant as a supple-
ment to the standard preoperative evaluation of each patient.
Evaluation of the CONATS index combined with radiological
and/or laparoscopic findings may improve the assessment of
the optimal treatment strategy in patients with advanced epi-
thelial ovarian cancer.
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Introduction

Primary debulking surgery (PDS) followed by adjuvant
platinum-taxane-based chemotherapy is the first choice of
treatment of epithelial ovarian cancer (EOC). Macro-radical
PDS is an important prognostic factor for women with EOC
[1, 2]. However, patients treated with neoadjuvant chemother-
apy (NACT) and interval debulking surgery have in some
studies been found to have similar overall survival but reduced
risk of complications compared to patients treated with PDS
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[3–5]. Hence, NACT is an alternative, when primary macro-
radical PDS is considered impossible.

However, planning of the optimal treatment strategy is a
clinical challenge. No preoperative predicting tool of macro-
radicality is available, neither exists any consensus about the
assessment of optimal treatment strategy of patients with ad-
vanced (stage IIIC–IV) EOC. In Denmark, each patient is
evaluated at a multidisciplinary team (MDT) conference with
the presence of specialists in gynecology, radiology, oncology
and, when needed, general surgery and pathology. An individ-
ual treatment strategy is planned based on a positron emission
tomography/computed tomography (PET-CT) scan or mag-
netic resonance imaging (MRI) and the attending specialist’s
overall evaluation of the patient’s health. Age and perfor-
mance status (PS) are used to assess if a patient can tolerate
the extensive surgery, which often is a necessity to obtain
macro-radical surgery.

The serum markers cancer antigen 125 (CA125) and hu-
man epididymis protein 4 (HE4) are stable and clinically rel-
evant markers [6]. Both markers are accepted for differentiat-
ing between benign ovarian tumors and EOC. Variable results
have been demonstrated, when these markers are used for
predicting surgical outcome [7–15]. Combined, the two
markers seem to improve the accuracy of predicting macro-
radical PDS [16, 17]. It should be noted that most studies
evaluating CA125 as a predictor of surgical outcome defined
successful PDS as residual tumor ≤1 cm.

Ascites is a simple surrogate measure for the volume and
spread of EOC tissue and may be a predictive variable when
assessing the probability of macro-radical PDS. Ascites has
been evaluated preoperatively by PET-CT [18], CT [19–22],
or ultrasonography in relatively small studies, compared to the
number of variables included and/or evaluated intraoperative-
ly (laparoscopy or laparotomy) [21, 23, 24]. However, no
uniform volume cutoff has been defined in order to categorize
patients as high or low risk of residual tumor after PDS.

The purpose of this study was to develop a preoperative,
non-invasive method to select between two treatment strate-
gies, PDS and adjuvant chemotherapy or NACT with the in-
tention of interval debulking surgery.

In order to predict macro-radical PDS, we evaluated serum
HE4 and CA125, age, Eastern Cooperative Oncology Group
(ECOG) PS, and presence/absence of ascites at preoperative
ultrasonography.

Material and methods

This study was a part of the Danish Pelvic Mass study, a
prospective, ongoing study with use of archived specimens.
Oral and written consent was given by each patient before
enrollment. The Danish Ethical Committee has approved the

study protocol (KF01-227/03 and KF01-143/04, H-3-2010-
022).

Patients

From September 2004 to January 2010, a total of 164 patients
with FIGO stages IIIC and IV EOC were consecutively in-
cluded when admitted to the tertiary center, the Gynecologic
Clinic, University Hospital of Copenhagen, Rigshospitalet,
because of a pelvic mass potentially caused by EOC.

Exclusion criteria were treatment with NACT (n = 9) or
palliative care (n = 4). Patients with preoperative known re-
lapse of previous cancer or an active cancer other than EOC
were not included. PS = 4 (n = 1) was also included, since
these patients are not considered candidates for the extensive
surgery.

Patients were examined according to the Danish Cancer
Fast Track Guidelines, including gynecological examination,
serum CA125 measurement, ultrasound examination, risk of
malignancy index (RMI) calculation, PET-CT, and PS evalu-
ation. This information combined with age, previous abdom-
inal surgery and, if any, comorbidities including obesity was
discussed at MDT, and a treatment strategy was planned.
Macro-radical tumor removal was intended at PDS. All pa-
tients were operated by a specialist in gynecologic oncology.
The patients included in this study were evaluated at a time,
where largely all patients were offered PDS.

All diagnoses were confirmed by a pathologist specialized
in gynecological pathology.

All patient data were registered continuously in the Danish
Gynecologic Cancer Database (DGCD) by gynecologists, pa-
thologists, and oncologists.

Blood samples

Blood samples were collected within 2 weeks of surgery and
handled and stored according to strict Biobank guidelines by
the Danish CancerBiobank [25]. Serum CA125 (U/ml) and
HE4 (pmol/l) were quantitatively determined by a two-step
chemiluminescent microparticle immunoassay (CMIA) by
the Architect I2000sr System, Abbott Diagnostics.

Statistical analyses

HE4, CA125, age, ascites on ultrasound (presence/absence),
and PS (0–3) were evaluated in order to predict residual tumor
after PDS.

Univariate analyses were made using the chi-square test
and Mann-Whitney U test. The Spearman rank correlation
was used as a measure of association.

Multivariate analysis was performed using logistic regres-
sion modeling. Insignificant contribution (p > 0.05) to the
model resulted in exclusion by backward reduction.
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CA125 and HE4were log base2 transformed; therefore, the
OR is for a two-fold difference in a marker level. The Hosmer-
Lemeshow test was used to assess the goodness of fit.

Receiver operating characteristic (ROC) curves were gen-
erated to assess the accuracy in prediction of complete PDS
for log2(HE4), log2(CA125), age, and the multivariate index,
called the Cancer Ovarii Non-invasive Assessment of
Treatment Strategy (CONATS) Index.

The CONATS index was correlated to overall survival by
Cox proportional hazards regression analysis. The hazard ratio
is for a 20 % difference in the CONATS value. Overall sur-
vival was defined as time from surgery to death of any cause.

Internal validation of the CONATS index was performed
using 100 bootstraps with backward selection.

A two-sided p value <0.05 was considered significant.
Statistical analyses were performed by SPSS Statistics

(19.0 IBM Corporation), SAS (version 9.3, SAS Institute),
and R package (version 4.2-0. http://CRAN. R-project.
org/package=rms).

Results

Overall, 150 patients with advanced EOC were evaluated. All
patients underwent PDS; macro-radical PDS was achieved in
41 patients (27 %), whereas 109 patients (73 %) had visible
residual tumor.

Baseline data for surgical outcome according to histology
and stage are outlined in Table 1. Baseline data for HE4,
CA125, age, PS, and presence of ascites are outlined in
Table 2.

HE4 and CA125 were significantly associated (correlation
coefficient = 0.490, p < 0.001) as well as HE4 and age (cor-
relation coefficient = 0.238, p = 0.003). No significant asso-
ciation was seen between CA125 and age (p = 0.832).

Age, HE4, CA125, presence/absence of ascites, and PS 0–
3 were all highly significant (p < 0.001) in prediction of sur-
gical outcome in the univariate analyses. ROC-AUC for age,
HE4, and CA125 is shown in Table 2 and Fig. 1. The accuracy
of the presence/absence of ascites on ultrasound as a predictor
of surgical outcome was 67 %, as 28 patients without ascites
were completely debulked, and 73 patients with ascites had
residual tumor after PDS.

In the multivariate CONATS index, PS 2 and 3 were
merged due to insignificant difference between the two groups
(p = 0.307). Ascites (p = 0.312) and CA125 (p = 0.166) were
excluded due to insignificant contribution to the model.

The equation of the CONATS index is
CONATS = − 8.512 + 0.428 * age/10 + 0.648 * log

2(HE4) + PS
Serum HE4 is in picomole per liter. PS is stated with

the valuables 0 for PS = 0, 1.673 for PS = 1, and 1.904 for
PS = 2–3.

The predicted probability (PP) is

PP ¼ e CONATSð Þ= 1þ e CONATSð Þ
� �

The test is considered positive when PP is below a given
cutoff—and the lower PP is, the higher is the chance ofmacro-
radical PDS. A positive test should lead to recommendation of
PDS.

The p value for the goodness of fit test was 0.568 indicating
that the observed and expected event rates are similar; hence,
the model formulation is adequate.

The CONATS index was highly correlated with overall
survival (p < 0.0001, HR = 1.47 (95 % CI 1.26–1.72)).

OR, CI and p-values for the variables included in the
CONATS index are shown in Table 3. ROC-AUC for the
CONATS index is outlined in Fig. 1.

Table 4 presents different cutoff values for the CONATS
index including the corresponding accuracies, sensitivities,
specificities, positive predictive values, negative predictive
values, false positives, and false negatives.

By dividing patients into three groups according to the
cutoff levels presented in Tables 5, 46 patients (31 %) should
be offered PDS (cutoff, PP ≤ 0.63), 46 patients (31 %) should
be further investigated (cutoff, 0.63 < PP < 0.92), and 58
patients (38 %) should be admitted to NACT.

Of the 41 completely debulked patients, 29 (71 %) patients
would correctly be offered PDS, 9 (22 %) further examined
before deciding the optimal treatment strategy, and 3 (7 %)
patients would incorrectly be admitted to NACT if the
CONATS index had been used.

Of the 109 patients with residual tumor after PDS, 15
(14 %) would mistakenly be offered PDS, 47 (43 %) would
need further examination, and 47 (43 %) would be correctly
admitted to NACT.

Internal validation of the CONATS index using 100 boot-
straps resulted in a concordance (AUC) of 0.839 confirming
the chosen model. The step-down procedure resulted in the
selection of HE4, PS, age, CA125, and ascites in 93, 90, 64,
48, and 29 % of the bootstraps, respectively.

Discussion

Macro-radical PDS is one of the most important prognostic
factors for women with advanced EOC [1, 2]. However, even
within the best onco-gynecological centers worldwide, the
prevalence of complete PDS is varying and dependent on
the local treatment strategies, patient selection strategies, and
surgical skills. If macro-radical PDS is considered impossible,
NACT followed by interval debulking surgery is considered a
viable alternative due to a decreased risk of complications, but
similar survival rates. Although several previous attempts
have been made, no preoperative predicting tool of complete
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PDS is implemented at the MDT’s, and no uniform assess-
ment of optimal treatment strategy of patients with advanced
EOC has been agreed upon.

During the last decade, the definition of optimal PDS has
changed from residual tumor ≤1–2 cm in earlier studies to no
visible residual tumor in more recent studies. Therefore, direct
comparison of previously suggested methods to predict opti-
mal tumor removal is challenging, and studies investigating
prediction of complete cytoreduction were emphasized in the
following discussion.

Non-invasive, preoperative assessment of resectability is
preferable, and biomarkers and/or radiologic imaging are ob-
vious choices for this purpose.

Traditionally, radiologic imaging has played a central role
when deciding on an individual treatment strategy. Hence,

gynecologic ultrasound and CT or PET-CT scans combined
with the specialist’s overall evaluation of the patient’s health
are still cornerstones in the preoperative prediction of surgical
outcome. However, a recent systematic review of CT-based
prediction models has concluded that no external validated
studies with a good predictive performance of CT for residual
disease exist [26].

In this study, we present the new non-invasive CONATS
index for the prediction of complete PDS of EOC. All vari-
ables in the CONATS index are relatively cheap and easy to
conduct at tertiary centers specialized in treatment of EOC.

In our study, as well as other studies, CA125 was inferior to
HE4 in prediction of complete cytoreduction, and CA125 was
excluded from the CONATS index due to an insignificant
contribution to the model. The role of CA125 as a predictor

Table 2 Baseline data for variables in the CONATS index, including univariate analysis of differentiation between complete tumor removal and
residual abdominal tumor

Total (n = 150) Complete tumor
removal (n = 41)

Residual tumor
(n = 109)

p valuea ROC-AUC

Continuous variables, median (range)

Age, median (range) 65 (41–89) 58 (41–82) 69 (42–89) <0.001 0.688

HE4, median (range) 889.7 (28.5–15,000.0) 282.0 (28.5–1934.3) 1328.3 (72.6–15,000.0) <0.001 0.785

CA125, median (range) 967.5 (9.5–10,000.0) 395.5 (9.5–5578.6) 1140.0 (53.5–10,000.0) 0.001 0.678

Categorical variables, n (%)

Performance statusb <0.001 –

0 62 30 (73 %) 32 (29 %)

1 61 9 (22 %) 52 (48 %)

2 and 3 21 + 6 1 + 1 (5 %) 20 + 5 (23 %)

Presence of ascitesc <0.001 –

No 64 28 (68 %) 36 (33 %)

Yes 86 13 (32 %) 73 (67 %)

aMann-Whitney U test was performed for continuous variables; chi-square test was performed for categorical variables
b The Eastern Cooperative Oncology Group (ECOG) Performance Status was used
c Presence of ascites at preoperative ultrasound examination performed at the tertiary center

Table 1 Histological subtype
and FIGO stages Total

(n = 150)
Complete tumor
removal (n = 41)

Residual abdominal t
umor (n = 109)

Histology

Serous adenocarcinoma 137 35 (26 %) 102 (74 %)

Endometrioid adenocarcinoma 4 1 (25 %) 3 (75 %)

Mucinous adenocarcinoma 3 1 (33 %) 2 (67 %)

Clear cell adenocarcinoma 4 2 (50 %) 2 (50 %)

Carcinosarcoma 2 2 (100 %) 0

FIGO stage

IIIC 118 33 (28 %) 85 (72 %)

IV 32 8 (25 %) 24 (75 %)
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of complete tumor resection with PDS is still debated due to
non-impressive results (AUCs between 0.64 and 0.68). In
contrast, HE4 is more promising with reported AUCs between
0.63 and 0.86 [16, 17]. These results are concordant with the
findings in the present study, where univariate analysis of HE4
demonstrated an AUC of 0.785, although direct comparison is
difficult due to different study designs. Braicu et al. included
stage II EOC and collected some of the blood samples intra-
operatively instead of just preoperatively [17]. Angioli et al.
excluded patients with PS ≥2, mucinous EOC, primary peri-
toneal cancer, or fallopian tube cancer [16]. In particular, the

exclusion of mucinous EOC could improve the performance
of HE4 and CA125, since both markers have been proven less
useful in this histological subtype [27]. These authors also
investigated the combination of HE4 (cutoff value
262 pmol/L) and ascites (>500 vs <500 ml evaluated by ul-
trasound) combined as predictors of macro-radical PDS. The
study found a sensitivity of 100 % and specificity of 89.5 %.
However, 21 out of 57 patients (37 %) were admitted directly
to NACT [16]; hence, the authors were not able to conclude
that macro-radical PDS was impossible among these cases.
This, along with inclusion of stage II–IV EOC, may explain
the exceptionally high rate of macro-radical PDS (94.7 %)
among patients treated with PDS. In our study, all the partic-
ipating patients were stage IIIC-IV EOC treated with PDS and
patients with PS 2–3 were also included. Hence, the preva-
lence of macro-radical PDS was markedly lower (27 %) and
the performance of the CONATS index may be affected by
this (see Table 4). Patients with PS 0–3 are thoroughly evalu-
ated at multidisciplinary team meetings in order to assess the
possibility of successful primary surgery. More precaution in
recommending primary surgery is necessary in patients with
high PS. The CONATS index takes this into consideration; as
the PS contributes more in the CONATS score when PS is
high.

Table 5 demonstrates the performance of the CONATS
index at suggested clinically relevant cutoffs. According to
the Danish indicator level, macro-radical PDS should be

Fig. 1 ROC-AUC of the
CONATS index, age, CA125, and
HE4

Table 3 Multivariate analysis

Odds
ratio

Confidence
interval

p value

HE4 1.91 1.41–2.59 <0.001

Agea 1.53 1.03–2.29 0.036

Performance statusb

0 Ref – –

1 5.33 2.01–14.12 0.001

2 and 3 6.71 1.19–
37.919

0.031

a For a 10-year difference
b The Eastern Cooperative Oncology Group (ECOG) Performance Status
was used
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achieved in 60 % of patients admitted to PDS (positive pre-
dictive value = 60 %). This may be achieved by using the
CONATS index at the recommended lower cutoff
(PP = 0.63). At this cutoff, 15 out of 109 patients with residual
tumor would be offered PDS when in fact NACTwould have
been the better choice (specificity = 83.5 %).

By adding an additional cutoff (PP = 0.92), only three out
of 41 patients would mistakenly not be recommended PDS
(sensitivity = 90.2 %).

We recommend further clinical evaluation of the 56 (37 %)
with PP values between the two cutoffs. An additive explor-
ative examination may be laparoscopy.

Indeed, laparoscopy is suggested as a promising over-
all evaluator of resectability, but a Cochrane review from
2014, including seven studies evaluating stage IIB–IV
OC, concludes that there were not sufficient data to firm-
ly conclude if laparoscopy can evaluate the extensiveness
of EOC [28]. Furthermore, laparoscopy including anes-
thetics is associated with an overall risk of complications
of 1–5 %, depending on the type of surgery, surgical
skills, and condition of the patient.

The present study has several strengths and limita-
tions. All patient data were collected prospectively, and
patients were treated at one tertiary center by trained

gynecologic oncologists. Only patients whose physical
condition did not allow excessive surgery or patients de-
clining surgical treatment were offered NACT. Hence,
the results are not biased by a large group of patients
admitted to NACT. Furthermore, the HE4 measurements
and calculations of the CONATS index were made after
the patients were treated, thereby not influencing the cli-
nician’s choice of treatment.

However, due to centralization of the treatment, in-
creased use of NACT, and a general development toward
more aggressive surgery during the last decade, complete
PDS is obtained in a larger proportion of patients oper-
ated today than in our patient material. Hence, the
CONATS index should be validated in a recent cohort
prior to implementation in the clinic. Based on our data,
it was impossible to investigate whether the volume of
ascites had any impact on the resectability.

In conclusion, this study demonstrates that non-
invasive prediction of residual tumor of EOC at PDS is
possible with the CONATS index. The CONATS index is
meant as a supplement to the individual preoperative
evaluation by experts. Evaluation of the CONATS index
combined with radiological and/or laparoscopic findings
may improve the ability to assess the optimal treatment

Table 4 Performance of the
CONATS index at different
cutoffs in prediction of residual
abdominal tumor after primary
debulking surgery

Cutoff
(PP)

Accuracy
(%)

Sensitivity
(%)

Specificity
(%)

Positive
predictive
value (%)

Negative
predictive
value (%)

False
positive
(%)

False
negative
(%)

0.29 79.3 29.3 98.2 85.7 78.7 14.3 21.3

0.42 80.7 43.9 94.5 75.0 81.7 25.0 18.3

0.56 81.3 58.5 89.9 68.6 85.2 31.4 14.8

0.68 77.3 70.7 79.8 56.9 87.9 43.1 12.1

0.78 72.0 78.0 69.7 49.2 89.4 50.8 10.6

0.82 66.0 82.9 59.6 43.6 90.3 56.4 9.7

0.86 60.0 85.4 50.5 39.3 90.2 60.7 9.8

Prevalence of residual tumor = 73 %

Table 5 Performance of the
CONATS index at the suggested
clinically relevant cutoffs

CONATS index
cutoff

Recommended
treatment

Patients
total (150
patients)
n = (%)

No residual
tumor (41
patients)
n = (%)

Residual
tumor (109
patients)
n = (%)

Sensitivity/
specificity
%

Positive
predictive
value/
negative
predictive
value %

PP ≤ 0.63 PDS 44 (29 %) 29 (71 %) 15 (14 %) 68.3/83.5 60.9/87.5

0.63 < PP < 0.92 Further
examination

56 (37 %) 9 (22 %) 47 (43 %) – –

PP ≥ 0.92 NACT 50 (33 %) 3 (7 %) 47 (43 %) 90.2/41.3 36.6/91.8
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strategy of patients with advanced EOC. Prior to intro-
duction of the CONATS index in the clinic, the index
should be validated in different tertiary centers in cohorts
treated by surgeons who strive to obtain ultraradical sur-
gery at PDS.
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