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Introduction: prediction and importance of severe postoperative complications after ovarian cancer
surgery is a strong issue in patient selection and evaluation. Pre- and early peroperative predictors of
severe 30-days postoperative complications (Clavien-Dindo class �3) after surgery for primary ovarian
cancer are not fully established, neither their impact on patients’ survival.
Materials and methods: A prospective observational study included 256 patients with primary ovarian
cancer FIGO stages IIB-IV, operated during 2009e2018 in a primary or interval debulking surgery setting.
Patient variables were analysed in relation to severe postoperative complications (Clavien-Dindo class
�3) and overall survival.
Results: High-grade postoperative complications occurred in 24.2% patients. Class 3a complications were
observed in 12.5% cases. High-grade complications class �3 were observed in 31.6% after primary
debulking surgery compared to 12.2% after interval debulking surgery (p ¼ 0.0004). Peritoneal cancer
index �21 and preoperative albumin concentration �33 g/L were independent predictors of high-grade
complications. Peritoneal cancer index correlated with the surgical complexity score and completeness
of cytoreduction. Increased peritoneal cancer index was a negative predictor of overall survival, but high-
grade complications did not influence survival negatively.
Conclusions: Peritoneal cancer index �21 was an independent predictor of high-grade complications
after ovarian cancer surgery. Increased peritoneal cancer index also impacted overall survival negatively,
but high-grade complications did not influence overall survival.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
Introduction

Complete cytoreduction is the aim of ovarian cancer surgery,
and an important predictor of survival [1,2]. Primary debulking
surgery (PDS) is the standard of care for operable patients with
resectable International Federation of Gynecology and Obstetrics
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(FIGO) stage IIB-IV disease, followed by platinum-based chemo-
therapy [3,4]. Although two randomized clinical trials suggested
that interval debulking surgery (IDS) following neoadjuvant
chemotherapy was not inferior to PDS [5,6], the rate of complete
cytoreduction in those studies was low [2]. IDS is usually used
when preoperative investigations indicate poor metabolic condi-
tion, low performance status, comorbidities, high age, or expected
high surgical complexity score (SCS), altogether comprising a high
risk of residual disease and postoperative complications [7e9].

The peritoneal cancer index (PCI) is a measure of the extent of
peritoneal carcinosis [10,11]. PCI is widely used during the evalu-
ation of the extent of colorectal carcinosis and prediction of surgical
complexity [12]. Elevated PCI has been associated with higher FIGO
stage, prolonged duration of surgery, an increased number of
visceral resections, incomplete cytoreduction and postoperative
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Abbreviations

PDS primary debulking surgery
IDS interval debulking surgery
FIGO International Federation of Gynecology and

Obstetrics
SCS surgical complexity score
PCI peritoneal cancer index
CC cytoreduction score
ICD international classification of diseases
ROC receiver-operator curve, AUC e area under the

curve
OR odds ratio
HR hazard ratio
AIC Akaike information criterion
CI confidence interval
BMI body-mass index
ACCI age adjusted Charlson comorbidity index
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complications [13,14]. PCI scoring is, however, to a lesser extent
used by ovarian cancer surgeons and it is not fully known which
baseline variables are the most important predictors for high-grade
postoperative complications.

We therefore aimed to define baseline predictors of high-grade
30-days complications after PDS and IDS for primary ovarian cancer
and the subsequent influence on survival.

Material and methods

Study design

This is an observational cohort study including patients under-
going ovarian cancer surgery during 2009e2018 at the Uppsala
University hospital, a gynaecologic cancer surgery center for a
population of more than 2,100,000 inhabitants. Baseline patient
characteristics, surgical outcome variables and follow-up data were
consecutively documented. The study was approved by the Swed-
ish Ethical Review Board Dnr. 2018/071 and 2019-05513Gk.

Patients and clinical characteristics

Inclusion criteria were primary ovarian (ICD C56.9), fallopian
tube (ICD C57.0) or primary peritoneal cancer (ICD C48.2) and
operable FIGO stages IIBeIV, based on histopathology and
computed tomography as judged by a multidisciplinary conference.
Patients with age above 75 years, major ascites with repeated
draining or pleural effusion, low albumin concentration, radiologic
signs of intestinal carcinosis, unresectable parenchymal metastasis
or uncompensated comorbidities were preferably treated with IDS.
None of the patients were treated with HIPEC or other intraperi-
toneal chemotherapies. The PCI was recorded after midline lapa-
rotomy at index surgery in the PDS and IDS groups in 13 abdominal
regions with tumor lesions categorized as small (1) (<0.5 cm),
moderate (2) (>0.5 cm - <5 cm) or large (3) (>5-cm), and the
maximum PCI score was 39 [10,11]. Completeness of cytoreduction
(CC) 0 corresponded to the absence of residual disease, a CC-1 score
indicated residual tumor nodules < 2.5 mm, CC-2 corresponded to
residual tumor nodules between 2.5 mm and 2.5 cm and CC-3
indicated tumor nodules > 2.5 cm or a confluence of unresected
tumor [10,11]. The surgical complexity score (SCS) is a sum of the
assigned complexity of each surgical procedure where the scores
range from 1 to 3, where low SCS corresponds to �3, intermediate
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to 4 to 7 and high to�8 [9]. We did not include inoperable, or open-
close surgery, cases into this study. All patients underwent post-
operative adjuvant treatment with Carboplatin and Paclitaxel and
were followed for five years. Patients who were alive at the last
follow-up in September 2020 were censored. The primary outcome
was high-grade postoperative complications (Clavien-Dindo class
�3) within 30 days of surgery, Clavien-Dindo class �3: 3a e

intervention under local anesthesia, 3b e intervention under gen-
eral anesthesia, 4a e single organ dysfunction, 4b e multi-organ
dysfunction and 5 e fatal outcome [15]. Secondary outcome was
overall survival defined as time from date of diagnosis to death.
Patient characteristics are presented in Table 1.
Statistical methods

Receiver-operator curve (ROC) analysis in relation to the binary
outcomes for Clavien-Dindo class �3 or <3 was the basis for
dichotomization of continuous variables. If no significant area un-
der the curve was identified, we used the 75th percentile. Bowel
resections were categorized into colectomy (2), large bowel resec-
tion (1) or no resection (reference) and type of anastomosis was
categorized as rectosigmoid end-to-end anastomosis, colo-colic
anastomosis, ileocolic, small bowel anastomosis (1) or no resec-
tion (reference). Only bowel resection variable was included into
multivariate logistic regression since it involves anastomosis, end
stoma or protective ileostomy. Completeness of cytoreduction was
categorized to CC-0 or CC � 1. Summary statistics comprised range,
mean and 95% confidence interval (CI) of the mean. Chi-square test
and correlation analyses were used to assess relationships between
the variables. Logistic regression modelling was performed for
continuous and categorized variables using enter and stepwise
methods to identify predictors of high-grade postoperative com-
plications. Here we presented results of the univariate and adjusted
multivariate logistic stepwise regression modelling based on
analysis of categorized variables. To identify potential confounding,
we adjusted multivariate models for all analysed variables, even if
not significant in the univariate analysis. Strong correlation be-
tween variables (R > 0.6) lead to exclusion of the least clinically
important or previously established variable from the multivariate
logistic regression modelling. Associations were summarized by
calculating the odds ratio (OR) and corresponding 95% CI and p-
value. Prediction model validation comprised Akaike information
criterion and Nagelkerke's R2. The Nagelkerke “pseudo” R2 ranges
from 0 to 1, with 1 indicating a perfect model fit. Missing data were
not included in the analyses. Survival analysis was performed using
Cox regression modelling and Kaplan-Meier analysis with the log-
rank test. No patient was lost to follow-up. The analyses were
carried out on the Statistica 13.3 (Tibco Software Inc., USA) and
MedCalc 19.1 (MedCalc Software BVBA, Ostend, Belgium).
Results

In total, 403 patients with ovarian cancer underwent surgery
during 2009e2018 (Fig.1). Of those, 37 patients had FIGO stage I-IIA
and 74 patients underwent relapse surgery, leaving 292 patients
fulfilling the inclusion criteria for the study. Of those, 31 were
inoperable, 5 cases were finally diagnosed as a non-gynecological
cancer, leaving 256 women for final inclusion. These 256 patients
were studied here and comprised 158 patients who underwent PDS
and 98 patients, subjected to IDS (Table 1). Of 256 patients, 135
were alive at the last follow-up in September 2020 with a mean
follow-up of 46 months (range 21e123 months).



Table 1
Patients characteristics, clinical parameters, tumor and surgery-related variables in 256 women with ovarian cancer in relation to management with PDS or IDS.

Parameters PDSa, n¼158 IDSb, n¼98 PDSþIDS, n¼256

1. Patient n (%) n (%) n (%)

Age 158 (100) 98(100) 256 (100)
Years, Mean (95% CI) 61.5 (59.5-63.5) 62.3 (60.4-54.2) 61.8 (60.4-63.2)
<70 108 (68.4) 75 (76.5) 183 (71.5)
�70 50 (31.6) 23 (23.5) 73 (28.5)

BMIc kg/m2, Mean (95% CI) 155 (100)
26.1 (25.3-26.8)

91 (100)
25.8 (24.7-26.9)

246 (100)
26.0 (25.4-26.6)

<21 13 (8.4) 12 (13.2) 25 (10.2)
21-29 104 (67.1) 55 (60.4) 159 (64.6)
>29 38 (24.5) 24 (26.4) 62 (25.2)

ACCId 129 (100) 78 (100) 207 (100)
<4 65 (50.4) 41 (52.6) 106 (51.2)
�4 64 (49.6) 37 (47.4) 101 (48.8)

2.Biochemical
* Platelet count 149 (100) 94 (100) 243 (100)
X10*9/L, Mean (95% CI) 368.2 (347.4-389.0) 283.6 (254.0-313.3) 335.5 (317.7-353.3)
<380 92 (61.7) 80 (85.1) 172 (70.8)
�380 57 (38.3) 14 (14.9) 71 (29.2)

* Albumin g/L 135 (100) 92 (100) 227 (100)
Mean (95% CI) 32.8 (31.9-33.7) 35.4 (34.6-36.2) 33.8 (33.2-34.5)
�33 67 (49.6) 20 (21.7) 87 (38.3)
>33 68 (50.4) 72 (78.3) 140 (61.7)

3. Peroperative
PCIe 100 (100) 80 (100) 180 (100)
Mean (95% CI) 17.4 (15.3-19.5) 17.7 (16.1-19.3) 17.5 (16.2-18.9)
<21 56 (56) 47 (58.8) 103 (57.2)
�21 44 (44) 33 (41.2) 77 (42.8)
4. Surgical
SCSf 158 (100) 98 (100) 256 (100)
Mean (95% CI) 8.6 (8.1-9.1) 8.7 (8.1-9.4) 8.7 (8.3-9.0)
<11 109 (69.0) 69 (70.4) 178 (69.5)
�11 49 (31.0) 29 (29.6) 78 (30.5)

Intestinal procedures 158 (100) 98 (100) 256 (100)
no resection 54 (34.2) 35 (36.7) 89 (34.8)
bowel resection 104 (65.8) 63 (64.3) 167 (65.2)

Bowel resection 104 (100) 63 (100) 167 (100)
small 3 (2.9) 2 (3.2) 5 (3.0)
Large 88 (84.6) 55 (87.3) 143 (85.6)
Colectomy 13 (12.5) 6 (9.5) 19 (11.4)

Bowel resection 104 (100) 63 (100) 167 (100)
end stomas 28 (26.9) 12 (19.0) 40 (24.0)
bowel anastomosis 76 (73.1) 51 (81.0) 127 (76.0)

Bowel anastomosis 76 (100) 51 (100) 127 (100)
small bowel 8 (10.5) 5 (9.8) 13 (10.2)
ileocolic 22 (28.9) 19 (37.3) 41 (32.3)
large bowel anastomosis 46 (60.5) 27 (52.9) 73 (57.5)

Large bowel anastomosis 46 (100) 27 (100) 73 (100)
colo-colic 6 (13.1) 2 (7.4) 8 (11.0)
rectosigmoid 29 (63.0) 21 (77.8) 50 (68.5)
rectosigmoid and ileocolic 11 (23.9) 4 (14.8) 15 (20.5)

* Protective ileostomy (large bowel anastomosis) 46 (100) 27 (100) 73 (100)
No 31 (67.4) 22 (81.5) 53 (72.6)
yes 15 (32.6) 5 (18.5) 20 (27.4)

Cytoreduction score 158 (100) 98 (100) 256 (100)
0 115 (72.8) 81(82.6) 196 (76.6)
1 29 (18.4) 13 (13.3) 42 (16.4)
2 and 3 14 (8.8) 4 (4.1) 18 (7.0)

* Duration of surgery 152 (100) 96 (100) 248 (100)
minutes, Mean (95% CI) 356.7 (335.8-377.5) 307.1 (284.7-329.6) 337.5 (321.9-353.1)
<430 103 (67.8) 81 (84.4) 184 (74.2)
�430 49 (32.2) 15 (15.6) 64 (25.8)

Blood loss 119 (100) 69 (100) 188 (100)
ml, Mean (95% CI) 797.7 (696.0-899.4) 686.2 (543.7-828.8) 756.8 (674.3-839.3)
<550 54 (45.4) 38 (55.1) 92 (48.9)
�550 65 (54.6) 31 (44.9) 96 (51.1)

5. Postoperative
Time to chemotherapy 95 (100) 59 (100) 154 (100)
weeks, Mean (95% CI) 4.7 (4.5-5.0) 3.9 (3.7-4.1) 4.4 (4.2-4.6)
Clavien-Dindo�3 4.9 (4.4-5.4) 4.0 (3.6-4.4) 4.7 (4.3-5.1)
Clavien-Dindo<3 4.7 (4.4-5.0) 3.9 (3.7-4.1) 4.3 (4.1-4.5)

* Clavien-Dindo class 158 (100) 98 (100) 256 (100)
<3 108 (69.4) 86 (87.8) 194 (75.8)
�3 50 (31.6) 12 (12.2) 62 (24.2)

(continued on next page)
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Table 1 (continued )

Parameters PDSa, n¼158 IDSb, n¼98 PDSþIDS, n¼256

1. Patient n (%) n (%) n (%)

Stage 158 (100) 98 (100) 256 (100)
IIB-IIIA 16 (10.1) 0 (0) 16 (6.3)
IIIB-IIIC 95 (65.1) 46 (46.9) 141 (55.1)
IVA 2 (1.3) 15 (15.3) 17 (6.6)
IVB 45 (28.5) 37 (37.8) 82 (32.0)

Histology 158 (100) 98 (100) 256 (100)/
high-grade serous 110 (69.6) 84 (84.7) 194 (75.8)
low-grade serous 25 (15.8) 7 (7.1) 32 (12.5)
clear-cell, endometrioid 12 (7.6) 4 (4.1) 16 (6.3)
carcinosarcoma 8 (5.1) 3 (3.1) 11 (4.3)
mucinous 2 (1.3) 0 (0) 2 (0.07)
borderline 1 (0.6) 0 (0) 1 (0.03)

Missing data: duration of surgery - 8 (3.1%), platelet count - 13 (5.1%), BMI - 16 (6.2%), albumin - 29 (11.3%), ACCI - 49 (19.1%), blood loss - 68 (26.6%) PCI - 76 (29.7%). PCI not
recorded before 2014.
Footnotes: a - PDS - primary debulking surgery, b - IDSe interval debulking surgery, c - BMI - body-mass index, d - ACCI - age-adjusted comorbidity index, e� PCI - peritoneal
cancer index, f - SCS - surgical complexity score.
* Chi-square test, p < 0.05, ** Chi-square test, p ¼ 0.056.
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High-grade complications

Postoperative complications were observed in 147 (57.4%) pa-
tients of which 62 (24.2%) were high-grade. (Table 2).

High-grade complications were observed in 31.6% cases after
PDS compared to 12.2% cases after IDS (p ¼ 0.0004). Approximately
half of the high-grade complications comprised pleural effusions,
28/62 (45.2%). Reoperation was performed in 20/62 high-grade
complications (32.3%), 16/158 (10%) after PDS and 4/98 (4%) after
IDS (Chi-square ¼ 2.76, p ¼ 0.1). Reasons for reoperations were
Fig. 1. Flowchart of the patient
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wound rupture (8 cases, 1.1%), bleeding (4 cases, 0.6%), bile leakage
(2 cases, 0.3%) and urinary tract complication (1 case, 0.2%).
Clavien-Dindo class 4a and 4b complications developed in 13/62
(21%) patients, of which in 3/13 patients after reoperation. Respi-
ratory failure and cardiovascular failure were prevailing in the
Clavien-Dindo classes 4a and 4b with pulmonary embolism in 3/13
cases. One patient died early after reoperation and autopsy iden-
tified multiorgan failure (Table 2).

After large bowel resection (162 patients), high-grade compli-
cations were observed in 50/162 (30.9%). Specific intestinal high-
recruitment into the study.



Table 2
Description of postoperative complications.

Clavien-Dindo class Complication PDSa, n IDSb, n Total, n(%)

0 no complications 57 52 109 (42.6)
<3 complications treated conservatively 51 34 85 (33.2)
3a pleural effusion 17 6 32 (12.5)

pleural effusion and ascites 0 2
pleural effusion and abdominal abscess 1 0
pleural effusion and sepsis 1 0
pleural effusion and central vein catheter infection 1 0
lymphatic ascites and lymphatic cyst 3 0
pneumothorax 1 0

3b fascia rupture 6 1 16 (6.3)
fascia rupture and ureter damage 1 0
large bowel anastomosis insufficiency 1 1
abdominal bleeding 2 0
bile leakage after liver resection 1 0
mechanical ileus 1 0
necrosis of sigmoideostoma 1 0
vesicovaginal fistula 1 0

4a respiratory insufficiency, pleural effusion 3 0 7 (2.7)
respiratory insufficiency, pleural effusion, lymphatic cysts 1 0
respiratory insufficiency and pneumothorax 1 0
respiratory insufficiency and sepsis 2 0

4b respiratory insufficiency, pulmonary embolism 1 0 6 (2.3)
respiratory insufficiency, pulmonary embolism, sepsis 1 0
cardiovascular failure, reoperation for bleeding 0 1
respiratory insufficiency and stroke 1 0
respiratory and cardiovascular failure, pulmonary embolism, reoperation 1 0
cardiovascular failure, sepsis, reoperation for bowel leak 1 0

5 multiorgan failure, reoperation for bile leakage after liver resection 0 1 1 (0.4)
256 (100)

Footnotes: a - PDS e primary debulking surgery, b - IDS e interval debulking surgery.
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grade complications were observed in 5/162 (3.1%) cases. Those
comprised anastomotic leakage in 2 cases (1.2%), necrosis of a sig-
moidostomy in 1 case (0.6%), and intestinal obstruction in 2 cases
(1.2%) (Table 2).

Predictors of high-grade complications

PDS, body-mass index (BMI) �29, age-adjusted Charlson co-
morbidity index (ACCI) �4, preoperative albumin concentration
�33 g/L, platelet count �380 � 109/L and PCI�21 were associated
Table 3a
Univariate and multivariate modelling to predict high-grade postoperative complication

Variable Crude

ORa 95% CIb p

Age �70 years 1.066 0.566e2.006 0.844
BMIc �29 kg/m2 0.338 0.124e0.917 0.033
ACCId �4 0.531 0.246e1.145 0.106
Platelet count �380x10*9/L 3.082 1.662e5.717 0.0004
Albumin �33 g/L 2.823 1.497e5.324 0.001
FIGO stage IV (III e ref) 1.454 0.809e2.614 0.211
PDS (IDSi-ref) 3.222 1.613e6.434 0.001
PCIe �21 5.143 2.056e12.862 0.0005
Duration of surgery �430 min 4.716 2.509e8.865 <0.0000
SCSf�11 5.246 2.839e9.693 <0.0000
CCg �1 3.898 2.079e7.311 <0.0000
Colectomy 3.743 1.230e11.393 0.020
Large bowel resectio (no resection e ref) 2.668 1.316e5.410 0.007
Bowel anastomosis (no resection -ref) 2.297 1.094e4.823 0.028
Blood loss �550 ml 3.122 1.673e5.825 0.0003

Footnotes: a - OR - odds ratio, b - CI - confidential interval, c - BMI - body-mass index, d
surgical complexity score, g - CC - cytoreduction score, h - PDS - primary debulking surg
*odds ratios adjusted for age, BMI, platelet count, stage, PDS or IDS and completeness o
**odds ratios adjusted for the same variables as * odds ratios and for the bowel resectio
$- correlation between PCI and CC (R ¼ 0.395, p < 0.05).
#- not included in the model because of correlation R > 0.6 (p < 0.05).
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with high-grade postoperative complications (Table 3 A).
In the multivariate analysis, OR for albumin concentration

�33 g/L was 4.35 (95% CI, 1.73e10.94) and for PCI�21 5.78 (95% CI,
2.00e16.73, Table 3 A) (adjusted for age, BMI, platelet count, FIGO
stage, PDS or IDS and completeness of cytoreduction). The results
did not change after additional adjustment for bowel resection and
blood loss. There was a strong correlation between age and ACCI
(R ¼ 0.727) and between duration of surgery and SCS (R ¼ 0.665)
and PCI (R ¼ 0.747), therefore ACCI and duration of surgery were
not included in the multivariate analyses. Another strong
s.

*Adjusted **Adjusted

ORa 95% CIb p ORa 95% CIb p

#

4.346 1.726e10.942 0.002 4.349 1.727e10.954 0.002

5.778 1.996e16.728 0.001 5.481 1.890e15.899 0.002
#

$

- ACCI - age-adjusted comorbidity index, e -PCI - peritoneal cancer index, f -SCS -
ery, i - IDS - interval debulking surgery.
f cytoreduction. AIC ¼ 123, R2 ¼ 0.2.
n and blood loss. AIC ¼ 123, R2 ¼ 0.2.



Fig. 2. Correlation between a) PCI and completeness of cytoreduction and b) PCI and SCS.
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correlation between PCI and SCS (R ¼ 0.721, Fig. 2 A) and a mod-
erate correlation between the potential confounder CC and PCI
(R ¼ 0.395) was observed (Fig. 2 B). Large bowel resection and
colectomy were not associated with high-grade postoperative
complications in the multivariate analysis.

High-grade complications predictors and overall survival

High-grade complications did not influence overall survival
negatively (Table 3B). After adjustment for age, BMI, platelet count,
FIGO stage, PDS or IDS and completeness of cytoreduction, hazard
ratio (HR) for increasing age was 1.02 (95% CI, 1.00 to 1.05) and HR
for PCI was 1.05 (95% CI, 1.02 to 1.08, Table 3 B). High age and PCI
thus predicted a short survival in multivariate analysis. Median
overall survival of the patients who underwent complete
2920
cytoreduction was 65 months compared to 40 months after
incomplete cytoreduction (p ¼ 0.001, Fig. 3 A). Median survival
after PDS was longer (59 months, p ¼ 0.037) compared to IDS (51
months, Fig. 3 B). After complete cytoreduction median overall
survival after PDS was 81 months while after complete IDS it was
53 months (p ¼ 0.011, Fig. 3 C). A tendency to higher rate of com-
plete cytoreduction was noted after IDS (81/98e82.6%) compared
to PDS (72.8% - 115/158) (p ¼ 0.055).

Discussion

Our findings suggest that PCI �21 and albumin concentration
�33 g/L define patients with increased risk for high-grade post-
operative complications, half of which comprise Clavien-Dindo
class 3b and higher. Correlation between PCI and completeness of



Table 3b
Univariate and multivariate Cox regression analyses to predict overall survival.

Variable Crude *Adjusted

HRa 95% CIb p HRa 95% CIb p

Age 1.021 1.005e1.038 0.012 1.024 1.001e1.048 0.042
BMIc 0.969 0.930e1.009 0.123
ACCId 1.002 0.895e1.122 0.969 #
Platelet count 1.001 0.999e1.002 0.151
Albumin 0.980 0.944e1.017 0.288
FIGO stage IV (III e ref) 1.570 1.094e2.254 0.014
PDS (IDSi-ref) 1.327 0.920e1.915 0.130
PCIe 1.053 1.026e1.081 0.0001 1.052 1.020e1.085 0.001
Duration of surgery 1.002 1.000e1.004 0.002 #
SCSf 1.103 1.043e1.167 0.0005
CCg 2.160 1.498e3.114 0.00003 $
Clavien-Dindo �3 1.429 0.975e2.093 0.067

Footnotes: HRa e hazard ratio, CIb - confidential interval, c - ACCI - age-adjusted comorbidity index, d -PCI - peritoneal cancer index, e -SCS - surgical complexity score, f -CC -
cytoreduction score, g -IDS - interval debulking surgery, h -PDS - primary debulking surgery.
*the adjusted hazard ratios were adjusted for BMI, albumin, platelet count, stage, surgery, completeness of cytoreduction and Clavien-Dindo class. AIC ¼ 604, R2 ¼ 0.2.
$- correlation between PCI and CC (R ¼ 0.395, p < 0.05),
# - not included in the model because of correlation R > 0.6 (p < 0.05).

Fig. 3. Overall survival of analysed patients: a) after complete compared to incomplete cytoreduction, b) after all PDS compared to all IDS, c) after complete cytoreduction, PDS
compared to IDS.
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cytoreduction and between PCI and SCS suggests that PCI is the
most powerful predictor of surgical outcome. We see an advantage
in using PCI as it is estimated straight after the midline laparotomy
and it can therefore be used for clinical decision making. According
to the previous findings for ovarian cancer, PCI>20 was associated
with a high rate of postoperative complications [14]. Sensitivity of
PCI assessment upon laparotomy is around 70% and is superior to
laparoscopic and computer tomography-based evaluation of the
2921
carcinomatosis [14]. Imaging techniques are rapidly evolving sug-
gesting that the methods for preoperative PCI assessment should
be further explored. According to a systematic review, laparoscopy
is one of the widely used methods for carcinosis evaluation in
ovarian cancer [16]. Laparoscopic evaluation during the workup of
ovarian cancer patients was also found to be useful to predict major
complications through the combination of tumor load pattern and
increased ascites production [17]. However, a risk for disease
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upstaging as well as a documented risk of the abdominal wall
metastasis and necessity for abdominal wall resection are argu-
ments against laparoscopic evaluation of PCI [18,19]. We previously
found that PCI evaluation is useful for assessment of operability and
we identified a cut-off of �24 in relation with the risk for incom-
plete cytoreduction [13]. Additionally, pre-operative cancer anti-
gen-125 > 600 U/mL, PCI >20 and intra-operative mapping of
ovarian cancer score >6 are reported to be predictors of complete
tumour resection, while the combination of all these three values
predicted the incomplete resection of disease in up to 90% of pa-
tients [20]. Considering the above-mentioned findings, it appears
important and informative to perform PCI evaluation at the initial
stage of surgery. No difference in the PCI was observed when
comparing PDS and IDS, which we attributed to our principles of
patient selection for PDS for operable patients with resectable
disease and the IDS strategy for those with ascites, pleural effusion,
impaired nutritional status with low albumin values and signs of
extensive intestinal carcinosis. Other previously identified pre-
dictors of postoperative complications are high age, BMI above 40,
increased ACCI and ASA score, high levels of C-reactive protein,
interleukin-6, increased platelet count [21,22] and low albumin
concentration [9,23e26].

According to results reported from other high volume centers,
high-grade complications after extensive upper abdominal pro-
cedures were observed in 19% of cases [27], after incomplete PDS in
23% and after complete PDS in 45% cases [23]. A metanalysis, based
on 18,579 patients, identified high-grade postoperative complica-
tions in 24% patients [28]. A comparison of equally long time pe-
riods in the present cohort showed a decrease in the rate of high-
grade complications and increase in the completeness of cytor-
eduction (data not shown).

Pleural effusion was a common complication occurring in 21%
cases and was always associated with full thickness diaphragmatic
resection [27]. Stage IVB was diagnosed intraoperatively after
pleural cavity exploration in 20/82 (24%) in line with the recom-
mendation to explore pleural cavity in bulky disease IIIC [29,30].
We practice intraoperative placement of active thoracic drain after
extensive manipulation on the diaphragmatic muscle to prevent
postoperative pleural effusion. In a meta-analysis, the rate of 30-
days postoperative mortality was 4.6% and was related to the
increasing patient age, tumor burden and FIGO stage IV and high
SCS [28].

Rectosigmoid resection and colectomy are feasible procedures
providing good pelvic disease control and improved survival,
despite higher rate of complications [31,32]. Previous studies sug-
gested that rectosigmoid anastomosis is associated with a higher
risk of complications, but not directly with intestinal leaks [33,34].
We also observed an increased risk of high-grade postoperative
complications of various type after large bowel resection, colec-
tomy and large bowel anastomosis, occurrence of protective ileos-
tomy in 33% after PDS and 18% after IDS. However, bowel related
complications were observed in 5/162 (3.1%) patients compared to
30% of various high-grade complications after large bowel resection
with and without anastomosis.

Chance for longer overall survival after complete cytoreduction
is in several studies thought to outweigh the risk of high-grade
complications without significant influence on the quality of life
[9,35e38], while other authors advocate IDS when high SCS is ex-
pected [8,14,27]. Complete cytoreduction increased the probability
for improved overall survival [1,2], even at FIGO stage IV [39,40].
Situation is however different for the patients surgically treated for
colorectal carcinosis, disease with peritoneal spread and limited
chemosensitivity. A decrease in overall survival by 9 months was
observed in patients who experienced high-grade complications
[41]. Similarly, a 11.7% five-year overall survival was observed in the
2922
group who underwent high-grade complications compared to
58.8% for those who had a complication-free recovery [42]. Tumour
biology and disease progression pattern of these cancers are rather
different which might explain the differences in survival.

The major strengths of our study are consecutive inclusion of
patients and multidisciplinary based decision for treatment per-
formed by the same team of surgeons and oncologists. This study
would have benefited from a larger sample size, however while a
multicenter analysis would allow for a higher number of patients, it
would be biased by the variability in treatment approaches and
furthermore, the PCI is not a commonly recorded variable. Our
identified cut-off for the PCI in relation to high-grade postoperative
complications is supported by previous findings [14]. A possible
selection bias is present in the decision for PDS or IDS for patients
with more aggressive ovarian cancer biology and with more severe
comorbidities, which makes it difficult to interpret the survival
advantage after PDS compared to IDS. An ongoing phase III ran-
domized clinical trial TRUST will hopefully define criteria for more
objective patient selection for IDS and PDS [3,4]. Recent advances in
characterization of tumor biology provide additional selection
criteria for PDS or IDS [43]. However, a clear predictor of improved
overall survival is complete cytoreduction and our observation is in
line with previous studies [1,2]. Further analysis of tumor biology
and their impact on postoperative outcomes in primary ovarian
cancer is justified.

In accordance with our findings and based on previous reports,
we suggest that ovarian cancer surgeons should evaluate PCI upon
middle line laparotomy since it is a tool to predict surgical com-
plications and predict expected surgical outcome. Despite occur-
rence of the high-rate complications with the higher rate after PDS
(32%, including 10% of reoperations), compared to IDS (12%, contain
4% reoperations), high grade complications do not impact long
term outcome and should not be a reason to prefer IDS. The worse
survival after IDS could be explained by the initially more aggres-
sive tumor biology with massive ascites and pleural effusion,
development of chemoresistance during neoadjuvant treatment,
larger part of the stage IV disease. Our findings support an indi-
vidualized selection for PDS or IDS, weighing in the patient con-
dition, disease spread pattern and risk for incomplete
cytoreduction against the risks for complications.

Conclusions

1. High PCI with a cut-off �21 and reduced albumin concentration
�33 g/L were independent predictors of high-grade post-
operative complications.

2. High-grade complications were more frequent after PDS
compared to IDS. An increasing age and high PCI were inde-
pendent predictors of impaired overall survival.

3. High-grade postoperative complications did not impact survival
negatively.

4. PCI correlated with the postoperatively evaluated completeness
of cytoreduction and SCS.
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