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ABSTRACT

Introduction Optimal cytoreduction is the most important
prognostic factor in advanced ovarian cancer. Although stag-
ing and assessment of operability are made by exploratory
surgery, preoperative computed tomography (CT) of the ab-
domen is regarded as standard. The aim of this study was to
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examine various CT parameters with regard to prediction of
optimal cytoreduction.

Patients and Methods The retrospective study included
131 patients with ovarian cancer newly diagnosed between
2010 and 2014. Of these, n=36 with FIGO stage | to IIB were
excluded from the study. A preoperative abdominal CT was
available for n=75 of the 95 patients with FIGO stage IIC to
IV. The CT scans underwent blinded review. The 11 evaluated
CT parameters were examined by means of x? test and logistic
regression analysis with regard to the endpoints of macro-
scopic residual tumour and residual tumour > 1 cm. Survival
analyses used the Kaplan-Meier method and log rank test.
Results Of 75 patients, 28 (37.3%) had complete tumour re-
section and 26 (34.7%) had residual tumour <1 cm. Residual
tumours > 1 cm were found in 21 (28 %) patients, five of which
were not resectable. Overall survival with residual tumour
>1 cm differed significantly from the group with no macro-
scopic residual tumour (p=0.003) and with residual tumour
<1cm (p=0.04). The CT parameters tumour foci in the dia-
phragm, mesocolon, greater omentum and peritoneum as
well as ascites correlated with macroscopic residual tumour.
In the multivariate logistic regression analysis only the CT pa-
rameter intraparenchymal liver metastasis was statistically
significant with regard to prediction of suboptimal tumour re-
section (>1.cm) (OR 8.04;95% Cl 1.57-42.4; p=0.0134). The
sensitivity, specificity, PPV and NPV were 37.5, 89.7, 66.7 and
72.2%.

Conclusion Although risk parameters for suboptimal tumour
reduction can be identified by CT of the abdomen, surgical ex-
ploration with histological confirmation of the diagnosis is es-
sential because of the poor diagnostic accuracy.

ZUSAMMENFASSUNG

Einleitung Eine optimale Zytoreduktion ist der wichtigste
Prognosefaktor beim fortgeschrittenen Ovarialkarzinom. Ob-
wohl Stadieneinteilung und Einschdtzung der Operabilitat
durch Explorativ-Operation erfolgen, gilt die praoperative
Computertomografie (CT) des Abdomens als Standard. Ziel
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dieser Studie ist die Uberpriifung verschiedener CT-Parameter
hinsichtlich der Pradiktion einer optimalen Zytoreduktion.
Patienten und Methoden In die retrospektive Studie wur-
den 131 Patientinnen mit zwischen 2010 bis 2014 neu diag-
nostiziertem Ovarialkarzinom aufgenommen. Davon wurden
n =36 im FIGO-Stadium | bis IIB aus der Studie ausgeschlos-
sen. Von den 95 Patientinnen mit FIGO-Stadium IIC bis IV la-
gen bei n=75 prdoperative CT-Abdomen vor. Die CT-Scans
wurden einem verblindeten Review unterzogen. Die evaluier-
ten 11 CT-Parameter wurden mittels x?-Test und logistischer
Regressionsanalyse hinsichtlich der Endpunkte makroskopi-
scher Tumorrest sowie Tumorrest >1cm iiberpriift. Uber-
lebensanalysen erfolgten mittels Kaplan-Meier-Methode und
Log-Rank-Test.

Ergebnisse Von 75 Patientinnen hatten 28 (37,3 %) eine voll-
standige Tumorresektion und 26 (34,7 %) Tumorreste <1 cm.
Tumorreste > 1 cm fanden sich bei 21 Patientinnen (28 %), da-

von waren 5 nicht resektabel. Das Gesamtiiberleben bei Tu-
morrest >1 cm unterschied sich signifikant von der Gruppe
mit makroskopischer Tumorfreiheit (p=0,003) bzw. Tumor-
rest <1cm (p =0,04). Die CT-Parameter Tumorherde am Dia-
phragma, Mesokolon, Omentum majus, Peritoneum sowie
Aszites korrelierten mit makroskopischem Tumorrest. In der
multivariaten logistischen Regressionsanalyse war lediglich
hinsichtlich der Pradiktion einer suboptimalen Tumorresek-
tion (>1cm) der CT-Parameter intraparenchymatose Leber-
metastase statistisch signifikant (OR 8,04; 95%-Kl 1,57-42,4;
p =0,0134). Sensitivitat, Spezifitit, PPV und NPV betragen
37,5, 89,7, 66,7 und 72,2 %.

Schlussfolgerung Obwohl mittels CT Abdomen Risiko-
parameter flr suboptimale Tumorreduktion identifizierbar
sind, ist wegen der geringen diagnostischen Genauigkeit die
chirurgische Exploration mit histologischer Diagnosesiche-
rung unverzichtbar.

Introduction

In 2016, ovarian cancer (OC) was responsible for one third of gy-
naecological cancers in Germany, with 7350 new cases, and for
half of gynaecological cancer deaths, with approximately 5500
deaths. The prognosis is relatively poor because of late diagnosis
(76% in stage Ill and IV). The relative 5-year survival rate is cur-
rently 43% [1]. Besides tumour stage, complete surgical tumour
resection is considered to be the most important prognostic pa-
rameter for disease-free and overall survival. According to du Bois
(2009), the effect was much more pronounced when there was no
macroscopic tumour than after so-called optimal tumour reduc-
tion when residual tumours up to 10 mm remain in situ [2]. If no
optimal cytoreduction is possible, the benefit of neoadjuvant che-
motherapy followed by interval surgery was investigated in vari-
ous studies [3-7]. Neoadjuvant chemotherapy does not appear
to confer any benefit with regard to overall survival, so primary
debulking surgery followed by six cycles of platinum-containing
chemotherapy is regarded as standard [8]. Recent data from the
prospective randomised Desktop Il study on secondary cytore-
duction for recurrent OC show that patients in whom complete
tumour resection was possible in a secondary operation also have
median overall survival that is more than 12 months longer [9].
Computed tomography (CT) of the abdomen as part of pre-
operative staging enables assessment of para-aortic lymph nodes,
detection of liver metastases and of pleural effusions [10,11]. As
regards assessment of optimal cytoreduction, however, the data
are controversial. While predominantly retrospective studies pro-
vide evidence that CT has high diagnostic reliability with regard to
predicting optimal or suboptimal tumour reduction [12-16], two
multicentre studies do not confirm these data [17, 18]. All studies
refer to residual tumour <1cm as the definition of optimal tu-
mour reduction. The primary aim of this study was therefore to
evaluate preoperative CT with regard to the endpoint no macro-
scopic tumour vs. macroscopic residual tumour. The secondary
study aims were analysis of the CT parameters with regard to sub-
optimal tumour reduction (residual tumour >1 cm), the influence
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of residual tumour on overall survival and prediction of para-aortic
lymph node metastases by means of CT.

Patients and Methods

The retrospective study included all patients with a primary diag-
nosis of advanced OC at Rostock University Women’s Clinic from
2010 to 2014. Patients with primary peritoneal cancer and tubal
cancer were also included. Patients with non-epithelial ovarian tu-
mours and tumours of borderline malignancy were excluded.
Clinical data and histopathological features were obtained from
the patients’ files and the Mecklenburg-Western Pomerania clini-
cal cancer registry.

Evaluation of the CT scans

The CT scans, stored in DICOM format, were reviewed by a radiol-
ogist experienced in oncology who did not know the surgical out-
come. Based on the study by Axtell et al. (2007) the following CT
parameters were recorded: metastases in the diaphragm >2 cm,
metastases in the mesocolon >2 cm, involvement of the greater
omentum, suprarenal lymph nodes >1cm, infrarenal lymph
nodes > 2 cm, diffuse peritoneal thickening, pleural effusion, pres-
ence of ascites, peritoneal metastases >2 cm, intraparenchymal
liver metastases and involvement of the inguinal canal [18].

Surgical procedure

All patients had surgical exploration by one of two gynaecologists
who subspecialise in gynaecological oncology with the aim of
maximal cytoreduction. In accordance with the guidelines valid
prior to publication of the LION (Lymphadenectomy In Ovarian
Neoplasms) study [19], systematic pelvic and para-aortic lymph
node excision (LNE) was performed in patients when RO resection
was pursued, and enlarged lymph nodes were removed other-
wise. No patient had neoadjuvant chemotherapy. The surgeon’s
assessment regarding the operation outcome acted as diagnostic
reference. Four categories were recorded initially: no macroscopic
tumour, 1-10 mm tumour resection, tumour debulking with re-
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Newly diagnosed ovarian cancer
(2010-2014)
n=131

|
v v

FIGO stage I-11B FIGO stage IC-IV
n=36 n=95

Excluded because
——  no CT of abdomen
n=20

v

Ovarian cancer FIGO IIC-IV with primary

surgical exploration and preoperative CT
n=75

v v v

No macroscopic Residual tumour Residual tumour
tumour <lcm >1cm
n=28 n=26 n=21

» Fig. 1 Study population flow chart.

sidual tumour > 1 cm, non-resectable. For the statistical analysis,
these were combined into the following groups: no macroscopic
tumour vs. macroscopic residual tumour and residual tumour
<lcmvs.>1cm.

Statistical analysis

Statistical analysis was performed with SPSS Statistics 25 (IBM
Deutschland GmbH, Ehningen). Survival analyses were carried
out using the Kaplan-Meier method and log rank test.

For group comparisons we used the x? test for categorical var-
iables and Fisher’s exact test when the case number was small.
Quantitative characteristics such as age, body mass index (BMI)
and Karnofsky index were combined into categories according to
clinical relevance. The tumour marker CA 12-5 and serum albumin
were not included because of a large number of missing values,
and information about the BRCA status was also omitted as this
was available only in isolated cases in the cohort. All variables with
p<0.2 in univariate analysis were included in the multivariance
analysis. Binary logistic regression of independent variables,
which generates the adjusted odds ratio (aOR) and corresponding
p-values and 95% confidence intervals (95% Cl) served as model.
The significance level was set at p <0.05. The diagnostic accuracy
in the form of sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) were obtained for pre-
dictive CT parameters identified as independent.

Results

Patient characteristics

Out of 131 patients, n =36 had International Federation of Gynae-
cology and Obstetrics (FIGO classification 1988) stage I-1IB dis-
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» Table 1 Patient characteristics (n=75).

n %
Age
= <75years 70 93.3
= 275 years 5 6.7
BMI kg/m?
= <30kg/m? 48 64.0
= 230kg/m? 27 36.0
ASA score
= 1-2 47 62.6
=3 28 374
Karnofsky index (%)
= >70 65 86.7
= <70 10 133
FIGO stage*
= |IC 12 16.0
= |lIA 2 2.7
= |lIB 6 8.0
= |lIC 33 44.0
= |V 22 29.3
Histological subtype
= serous-papillary, high-grade 44 58.7
= serous-papillary, low-grade 9 12.0
= endometrioid 11 14.7
= mucinous 2 2.7
= clearcell 5 6.7
= undifferentiated 4 5.2
Type of primary operation
= LSC — laparotomy (one-stage) 15 20.0
= LSC — laparotomy (two-stage) 10 13.3
= Laparotomy 50 66.7
Bowel resection
= no 49 65.3
= yes 26 34.7
Postoperative residual tumour
= 0mm 28 37.3
= 1-10mm 26 347
= >10mm 16 21.3
= notresectable 5 6.7

* International Federation of Gynaecology and Obstetrics, 1988

ease so these were excluded from further analysis. Of the 95 pa-
tients with FIGO stage IIC to IV no preoperative CT of abdomen
was available in DICOM format for 20 patients. In the remaining
75 patients no macroscopic tumour was achieved in 37.3%, re-
sidual tumours from 1-10 mm were present in 34.7%, residual
tumours > 10 mm remained in 21.3% and the tumour was not re-
sectable in 5 patients (6.7%) (> Fig.1). The mean age was
63 years (min. 34, max. 81 years, SD 10.4 years). The mean BMI
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p=0.003

p=0.038

Cumulative OS (%)

No residual tumor vs. residual tumor >10mm ..

Surgical outcome

No residual tumor
Residual tumor 1-10 mm
Residual tumor >10 mm
++ Censored

Residual tumor <10 vs. > 10 mm

Survival time (month)

» Fig. 2 Cumulative overall survival on ovarian cancer stage IIC-IV (n = 75) depending on the size of the postoperative residual tumour.

was 28 kg/m?, and 36% of the women were obese (BMI =30 kg/
m?2). 13.3% of the women had a Karnofsky index <70%. Accord-
ing to the American Society of Anaesthetists (ASA) classification
37.3% had a score of 3. On histopathology, high-grade serous
papillary OC was found in 58.7%, while other types occurred
much more seldom: low-grade serous OC in 12%, endometrioid
OC in 14.6%, clear cell OC in 6.7% and undifferentiated OC in
5.3%. The operative procedure consisted of primary laparotomy
in 66.7%, laparoscopy (LSC) with conversion to laparotomy (one-
stage) in 20% and laparoscopy with subsequent laparotomy (two-
stage procedure within 10 days after LSC) in 13.3%. In 34.7% of
the women, a multivisceral operation with partial bowel resection
was performed (> Table 1).

Survival analysis

The cumulative 5-year overall survival rate was 42.9% for patients
with no macroscopic tumour, 26.9% with macroscopic residual tu-
mour 1-10 mm and 4.8 % with residual tumour > 10 mm. The me-
dian overall survival was significantly higher at 44 months with no
macroscopic tumour than with residual tumour 1-10mm
(34 months) and reached 19 months with residual tumour
>10mm (no residual tumour vs. residual tumour >10mm,
p =0.003; residual tumour 1-10 vs.> 10 mm, p = 0.038) (» Fig. 2).

CT parameters

Diffuse peritoneal thickening was described preoperatively in 47/
75 (62.7%) patients, the CT report found involvement of the
greater omentum in 34.7 %, pleural effusion and ascites were each
described in 32%, and metastases in the mesocolon >2 cm were
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found in 29.3%. Suprarenal lymph nodes >1cm were found in
20% and infrarenal lymph nodes >2 cm in 18.7%. Intraparenchy-
mal liver metastases were detected in 9/75 (12%). All of the five
patients with non-resectable tumour had a pleural effusion and
four had diffuse peritoneal thickening and metastases in the
mesocolon >2 cm (> Table 2).

Macroscopic residual tumour vs. no macroscopic
tumour

When the groups macroscopic residual tumour (n=47) vs. no re-
sidual tumour (n=28) were compared using univariate analysis,
the high-grade serous papillary OC histopathological subtype in-
creased the risk, while a BMI =30 kg/m? tended to be associated
with a lower risk of residual tumour (OR 0.38; 95% Cl 0.14-1.02;
p=0.051). The following CT parameters were associated with a
significantly increased risk of macroscopic residual tumour: dia-
phragm metastases >2cm (p=0.002), mesocolon metastases
>2cm (p=0.004), metastases in the greater omentum
(p=0.007), peritoneal metastases >2cm (p=0.03), ascites
(p=0.002) and diffuse peritoneal thickening (p<0.001). In the
multivariate logistic regression, however, no CT feature was found
to be an independent parameter for the endpoint macroscopic re-
sidual tumour; only the histopathological subtype high-grade se-
rous papillary OC (aOR 5.5; 95% Cl 1.48-20.6; p=0.011) was
identified as an independent parameter (» Table 3).

Residual tumour > 10 mm vs. <10 mm

From the clinical and histopathological parameters no predictor
for suboptimal tumour resection (residual tumour > 10 mm) could
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» Table 2 Various CT parameters found with ovarian cancer FIGO stage IC-IV (n =75) in relation to the debulking surgery outcome.

Parameter Total
n=75

Diaphragm =2 cm 15(20.0%)
Mesocolon =2 cm 22(29.3%)
Greater omentum 26 (34.7%)
Suprarenal LN>1cm 15(20.0%)
Infrarenal LN =2 cm 14 (18.7%)
Diffuse peritoneal thickening 47 (62.7 %)
Pleural effusion 24(32.0%)
Ascites 24 (32.0%)
Peritoneal metastases =2 cm 14 (18.7%)
Intraparenchymal liver metastases 9(12.0%)
Involvement of the inguinal canal 9(12.0%)

Postoperative residual tumour

0 1-10 mm >10 mm Not resectable
n=28 n=26 n=16 n=5

1 8 5 1

2 11 5 4

4 12 8 2

4 5 6 0

2 7 3 2
10 21 12 4
15 23 13 5

6 9 7 2

1 8 5 0

2 1 6 0

4 3 2 0

» Table 3 Univariate and multivariate logistic regression analysis of clinical, histopathological and radiological features with regard to the risk of

macroscopic residual tumour vs. no macroscopic tumour.

Univariate logistic regression

Multivariate logistic regression

Variable OR 95% Cl p-value aOR 95% Cl p-value
Age =270 years 1.76 0.55-5.60 0.34

BMI =30 kg/m? 0.38 0.14-1.02 0.054 0.40 0.12-1.3 0.13
ASA stage 3 1.03 0.37-2.85 0.95

Karnofsky index<70% 0.55 0.14-2.09 0.38

Serous papillary, high-grade 8.18 2.82-23.67 0.0001 5.51 1.48-20.56 0.011
CT parameter

= Diaphragm 22 cm 11.46 1.42-92.7 0.022 3.08 0.24-40.2 0.39
= Mesocolon>2cm 9.63 2.04-45.3 0.004 4.22 0.60-29.7 0.15
= Greater omentum 5.28 1.58-17.6 0.007 2.97 0.48-18.4 0.24
= Suprarenal LN =2 cm 1.62 0.46-5.76 0.44

= Infrarenal LN =2 cm 4.46 0.92-21.6 0.064

= Diffuse peritoneal thickening 6.66 2.35-18.9 <0.001 3.76 0.78-18.0 0.098
= Pleural effusion 2.28 0.77-6.68 0.135

= Ascites 5.92 1.9-18.4 0.002 2.07 0.36-12.0 0.42
= Peritoneal metastases =2 cm 10.32 1.27-83.9 0.029 0.35 0.02-6.14 0.47
= Inguinal canal 0.71 0.175-2.92 0.64

= Intraparenchymal liver metastases 2.27 0.44-11.8 0.33

OR: odds ratio; aOR: adjusted odds ratio; Cl: confidence interval; BMI: body mass index; ASA: American Society of Anaesthetists; LN: lymph nodes;

bold: p<0.05

be identified; the Karnofsky index <70% (aOR 5.96; 95% Cl 0.99-
35.7; p=0.051) was just below the level of significance. Of the CT
parameters, intraparenchymal liver metastases were associated
with a significantly increased risk of residual tumour >10 mm
(aOR 8.04; 95% CI 1.53-42.2; p=0.014). All other CT parameters
showed no significant differences when the groups were com-
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pared (> Table 4). The diagnostic validity of CT with regard to sub-
optimal tumour resection thus reaches a sensitivity of 37.5% (95%
Cl 15.2-64.6) with a specificity 89.7% (95% Cl 72.6-97.8), the
positive predictive value (PPV) is 66.7% (95% Cl 36.6-87.4) and
the negative predictive value (NPV) is 72.2% (95% Cl 63.6-79.5).
The accuracy of the testis 71.1% (95% Cl 55.7-83.6).

919



% Thieme

» Table 4 Univariate and multivariate logistic regression analysis of clinical, histopathological and radiological features with regard to the risk of

suboptimal tumour reduction (residual tumour >10 mm vs. <10 mm).

Univariate logistic regression

Multivariate logistic regression

Variable OR 95% Cl p-value aOR 95% Cl p-value
Age =270 years 1.63 0.58-4.61 0.36

BMI =30 kg/m? 1.5 0.53-4.21 0.44

ASA stage 3 2.22 0.752-6.55 0.15

Karnofsky index<70% 3.06 0.78-11.96 0.11 5.96 0.99-35.7 0.051
Serous papillary, high-grade 2.2 0.73-6.39 0.16 1.8 0.51-6.48 0.36
CT parameter

= Diaphragm =2 cm 2.0 0.61-6.6 0.25

= Mesocolon>2cm 2.36 0.82-6.87 0.11 2.15 0.54-8.6 0.28

= Greater omentum 2.16 0.77-6.09 0.15 0.98 0.26-3.75 0.98
= Suprarenal LN =2 cm 1.56 0.46-5.36 0.48

= Infrarenal LN =2 cm 1.56 0.46-5.36 0.48

= Diffuse peritoneal thickening 2.37 0.76-7.42 0.14 1.26 0.3-5.37 0.75
= Pleural effusion 1.95 0.68-5.57 0.21

= Ascites 2.53 0.65-9.79 0.18 1.35 0.25-7.18 0.73
= Peritoneal metastases >2 cm 1.56 0.46-5.36 0.48

= Inguinal canal 0.71 0.13-3.72 0.68

= Intraparenchymal liver metastases 6.8 1.52-30.5 0.012 8.04 1.53-42.2 0.014

OR odds ratio; aOR adjusted odds ratio; Cl confidence interval; BMI body mass index; ASA American Society of Anaesthetists; LN lymph nodes; bold: p <0.05

Prediction of lymph node metastases

The lymph nodes (LN) of 51 patients were assessed by histopa-
thology and n =31 were node-positive. LN metastases were found
on histopathology in 9 of 10 women with the CT parameter supra-
renal LN > 1 cm. The sensitivity, specificity, PPV and NPV were 29%
(95% Cl 14.2-48), 94.7% (95% Cl 74-99.9), 90% (95% Cl 55.3-
98.5) and 45% (95% Cl 39.3-68.2). In 11 of 12 patients with in-
frarenal LN >2 cm in the CT LN metastases were found on histopa-
thology, equivalent to a PPV of 91.7% (95% Cl 60.6-99). The sen-
sitivity, specificity and NPV of the parameter were 35.5% (95% Cl
19.2-54.6), 95% (95% Cl 75.1-99.9) and 48.7% (95% Cl 41.8-
55.7).

Discussion

The predictive value of preoperative CT of the abdomen in the
evaluation of suboptimal cytoreduction in patients with advanced
ovarian cancer was the object of this study as patients with no
macroscopic tumour have a better prognosis than patients with
residual tumour <1cm and residual tumour >1cm [2,20]. The
aim of no macroscopic tumour and therefore an improvement in
overall survival was achieved in 37.3% of women with FIGO stage
IIC-IV ovarian cancer. In a retrospective analysis of three studies
by the Gynecologic Oncology Group (GOG) of 1895 patients with
FIGO stage Ill, Winter et al. (2007) reported that 23.1% had no
macroscopic tumour. In a meta-analysis of the Cochrane database
11 studies were evaluated with regard to the prognostic influence
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of postoperative residual tumour. Only six studies contained infor-
mation about the percentage of patients with no macroscopic tu-
mour and this varied between 28.1 and 86% [21]. Harter et al.
showed that by introducing structured quality management the
proportion of patients with no macroscopic tumour was increased
from 33% up to the year 2000 to 62 % between 2004-2008, which
was reflected in a significant prolongation of median overall sur-
vival from 26 months to 45 months [22]. On the other hand, anal-
ysis of a multicentre study of advanced ovarian cancer (GOG 182,
n=2655) demonstrated that not all patients benefited from a
radical operation with the outcome of no macroscopic tumour.
Patients with a high tumour burden initially (n=199) had signifi-
cantly worse median disease-free survival (18.3 vs. 33.2 months;
p<0.001) and overall survival (50.1 vs. 82.8 months; p<0.001)
compared with patients with a low to medium tumour burden
(n=661) despite complete tumour resection. The authors
pointed out the greater postoperative morbidity after complex
surgical procedures and concluded that patients with a large ini-
tial tumour burden in whom the aim of no macroscopic tumour
can be achieved only with high operative risk would benefit more
from neoadjuvant chemotherapy [23]. The non-inferiority of pri-
mary chemotherapy compared with primary surgical cytoreduc-
tion was confirmed in a randomised study by the European Organ-
isation for Research and Treatment of Cancer (EORTC). In this
study, patients with stage llIC and IV ovarian cancer were random-
ised to two arms,

Stachs A et al. The Significance of... Geburtsh Frauenheilk 2020; 80: 915-923



1. Primary operation, followed by six cycles of platinum-contain-
ing chemotherapy or

2. Three cycles of primary chemotherapy, followed by surgery
and three more cycles of chemotherapy.

The proportion of patients with no macroscopic tumour was
much lower with primary surgery than after neoadjuvant chemo-
therapy (19.4 vs. 51.2%), but the groups did not differ with regard
to the primary endpoints overall survival and recurrence-free sur-
vival [3]. Comparable results were also delivered by the prospec-
tive randomised non-inferiority CHORUS study with 552 patients
with stage lll and IV disease, conducted in the UK and New Zea-
land, in which the median survival after primary operation was
22.6 vs. 24.1 months after neoadjuvant PCT [5]. Based on these
studies, the American Society of Clinical Oncology (ASCO) recom-
mended initial evaluation by a gynaecologic oncologist including
the preoperative CT of abdomen and pelvis and thorax in women
with suspected ovarian cancer of FIGO stage IlIC or IV. Women
with a high perioperative risk or low probability of optimal cyto-
reduction (residual tumour <1 cm, ideally no residual tumour)
should receive neoadjuvant chemotherapy. If optimal cytoreduc-
tion (macroscopic freedom from tumour as far as possible) is
probable with acceptable perioperative morbidity, primary opera-
tive therapy should be favoured [24].

With regard to the endpoint suboptimal tumour resection (re-
sidual tumour >1 cm), the finding of intraparenchymal liver me-
tastases was the only independent predictive parameter. In pre-
vious studies, different models were tested for predicting subop-
timal tumour resection by CT, some of which also considered clin-
ical and histopathological parameters [12-16, 18,25 -29]. While
the different models in the predominantly single-centre retro-
spective studies could predict suboptimal tumour resection with
a sensitivity and specificity each over 80%, confirmation by cross-
validation at other institutions or in their own subsequent cohorts
was mostly lacking [17,18]. Only Borley et al. (2014) successfully
demonstrated the predictive value of a score they developed in a
validation set with 70 patients [30]. This study included the CT pa-
rameters lung metastases, pleural effusions and tumour metasta-
ses >10 mm in the mesentery of the small and large bowel as well
as infrarenal para-aortic lymph nodes in the predictive model.
However, the diagnostic validity of the scores was only moderate
(AUC 0.721; 95% Cl 0.594-0.847) with a sensitivity of 64.7% and
specificity of 67.9%. In our study, the sensitivity of the parameter
intraparenchymal liver metastasis was very low at 37.5% though
the specificity was high at 89.7% with a positive predictive value
of 66.7%. This means that of 10 patients with preoperative evi-
dence of intraparenchymal liver metastases in the CT, roughly
seven women have suboptimal tumour reduction but optimal de-
bulking is possible in three patients.

Since the prognostic survival advantages is evident when mac-
roscopic freedom from tumour is achieved [31], more recent
studies have defined this as the aim of debulking surgery. Our re-
sults show that various CT parameters correlate significantly with
the presence of macroscopic residual tumour, including dia-
phragm metastases >2 cm, mesocolon metastases, involvement
of the greater omentum, ascites and diffuse peritoneal thicken-
ing. However, no single CT parameter was identified as an inde-
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pendent factor whereas aggressive tumour biology (high-grade
serous papillary OC) indicated incomplete tumour resection. On
the other hand, patients with low-grade serous papillary OC also
benefited from complete tumour resection [32].

In our study diffuse peritoneal thickening in particular corre-
lated with macroscopic residual tumour (OR 6.7; p<0.001). How-
ever, 10 of 47 patients with this CT parameter had no macro-
scopic residual tumour and the residual tumour was >10 mm in
only 12 patients. Borley et al. (2014) also applied their score to
the endpoint complete tumour resection vs. residual tumour
>1mm and showed a sensitivity of 50% with a specificity of
68.4% in the validation set [30]. A recently published study by
Chesnais et al. (2017) with the endpoint of macroscopic residual
tumour included, besides imaging findings, clinical parameters
such as age, weight and paraclinical findings such as CA 12-5 and
serum albumin in their analysis of 251 ovarian cancers, 196 with
stage lll and IV. They established a 100-point score, consisting of
the parameters BMI, CA 12-5, CT evidence of tumour in the dia-
phragm and/or omentum and evidence of parenchymal metasta-
ses on positron emission tomography (PET), and used this score to
divide patients into three groups: low risk (primary cytoreduc-
tion), medium risk (evaluation by laparoscopy) and high risk (neo-
adjuvant chemotherapy). In patients with advanced ovarian can-
cer (FIGO stage IlIC-IV, n=167) the probability of incomplete
cytoreduction in the high-risk group was 89.5% (77/86; 95% Cl
81.3-94.4). Only six patients were assigned to the low-risk group,
however, and three of them had complete tumour reduction [28].
Interestingly, in our study, clinical parameters such as age, BMI,
Karnofsky index and ASA stage had no influence on operability.

Other imaging modalities such as PET-CT and magnetic reso-
nance imaging (MRI) may be of benefit in predicting lymph node
metastases (PET-CT) and local tumour spread in the pelvis (MRI),
but studies currently do not justify their routine use in staging
ovarian cancer [8].

In a comprehensive review that included different definitions
of the endpoint optimal tumour reduction, Gomez-Hidalgo et al.
(2015) contrasted various imaging studies with those of staging
laparoscopy [33]. The rationale for primary laparoscopy is the pos-
sibility of obtaining tissue for histological and molecular genetic
tests and in the identification of patients in whom optimal tumour
reduction is not possible and who will therefore benefit from neo-
adjuvant chemotherapy. Fagotti et al. showed for the first time in
2005 that laparoscopy can predict optimal cytoreduction with an
accuracy of 90% and demonstrated the superiority of laparoscopy
when compared with clinical radiological findings in the negative
predictive value (100 vs. 73%) [34]. In subsequent studies, the
same team established a laparoscopic score for predicting sub-
optimal tumour reduction and confirmed its validity in prospec-
tive single-centre and multicentre studies [35,36]. In a recent Co-
chrane analysis, the validity of laparoscopy in predicting optimal
tumour reduction (no macroscopic residual tumour or residual tu-
mour <1cm) was investigated. In the included 18 studies, be-
tween 16 and 73% of the women were assessed laparoscopically
as not optimally resectable. Optimal tumour reduction was pre-
dicted for the remaining 27 to 84 %. In the subsequent debulking
operation residual tumours >1cm remained in 0 to 31%, i.e.,
these women could have been spared the primary operation. A
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pooled analysis was not possible because of the heterogeneity of
the data. Only two of the 18 studies included information on the
false-positive rate, that is, laparoscopic assessment of suboptimal
tumour reduction was followed by debulking surgery with result-
ing residual tumour <1 cm [37].

New importance is attached to the preoperative assessment of
pelvic and para-aortic node status as a result of the recently pub-
lished LION study [19]. According to this, patients with advanced
ovarian cancer and clinically and radiologically unremarkable nod-
al status do not benefit from systematic lymphadenectomy. Ac-
cording to our study, however, the negative predictive value of
the CT with regard to nodal status is similarly low as in the recent
retrospective analysis by Widschwendter et al. (2020) [38]. How-
ever, we found a high positive predictive value of over 90%, i.e.,
the finding of enlarged LN in the CT could be relevant for preoper-
ative (up-)staging of early tumour stages and thus for treatment
planning.

The limits of the present study are the retrospective study de-
sign. The case number was reduced markedly by the lack of a pre-
operative CT in 20 patients. Besides the lower statistical power,
this also signifies the risk of bias through selection of patients with
particularly good or poor operability. The strengths are the
blinded review of the CT scans by an oncological radiologist and
that the study was conducted in a large gynaecologic oncology
centre. Along with a high number of patients, the quality of treat-
ment is reflected in the 5-year survival rates, which are compara-
ble with those of other centres.

Conclusion

Our study emphasises the necessity in advanced ovarian cancer of
resecting the tumour as completely as possible. Prediction of in-
complete tumour resection is not always possible with certainty
by imaging methods. However, various CT parameters such as ex-
tensive tumour metastases in the diaphragm and/or root of the
mesentery, intraparenchymal liver metastases as well as diffuse
peritoneal thickening indicate suboptimal tumour reduction and
justify explorative laparoscopy with the possibility of continuing
as debulking surgery. Ultimately, the assessment of operability is
dependent to a high degree on the surgeon’s expertise, so treat-
ment at a certified gynaecologic oncology centre is necessary.
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