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Objective. To compare survival rates of surgically treated advanced epithelial ovarian cancer patients before
and after a programmatic change in surgical approach from standard surgery towards ultra-radical surgery.

Methods. 247 patientswith FIGO stage IIIB-IV ovarian, tubal, and primary peritoneal carcinomawere operated
during 2013–2019 either by primary or interval cytoreduction in Tampere University Hospital, Finland. Group 1
(n = 122) patients were operated during 2013 and February 2016. Group 2 patients (n = 125) were operated
between March 2016 and March 2019, when a systematic change in surgical approach towards more extensive
surgery was implemented.

Results. The complete resection (R0) rate increased significantly from 17.2% (21/122) to 52.0% (65/125)
within the studyperiod (p<0.001). Themedian progression-free survival (PFS)was 15.6months vs 19.3months
(p = 0.037), and the median overall survival (OS) was 33.5 months vs 54.5 months in Groups 1 and 2, respec-
tively (p = 0.028). Median OS for stage III patients in Group 1 was 36.1 months (95% CI 27.4–44.8) but could
not be reached in Group 2 (p = 0.009). In Stage IV patients, OS was 32.0 months (16.4–47.7) and 39.3 months
(24.8–53.8) in Group 1 and 2, respectively (p = 0.691). Multivariable Cox regression analysis revealed that OS
was independently affected by the amount of residual tumor and complication grade.

Conclusions. The change of surgical approach towards maximal surgical effort improved both progression-
free and overall survival. The survival benefit was unquestionable for stage III patients but did not reach statistical
significance in stage IV patients.

© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

Epithelial ovarian cancer is the 8th most common cancer among
women with 310,000 new cases worldwide annually and presents
the worst survival of gynecologic malignancies [1]. Most patients are
cs and Gynecology, Tampere

. This is an open access article under
diagnosed at advanced stage with a poor prognosis due to widespread
disease. Primary cytoreductive surgery aiming at resection of all visible
tumor remains the cornerstone of the treatment in advanced ovarian
cancer. Numerous studies have shown improved survival rates with
complete cytoreduction, which is the most important prognostic factor
for survival and should always be the objective of surgery [2–8].

To achieve this goal, more extensive procedures, compared to
standard surgery, have been introduced into ovarian cancer surgery.
These ultraradical procedures have enabled operating patients with
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widespread disease, previously ending upwith suboptimal surgical out-
come, to macroscopically complete resection. The effect of program-
matic change in surgical approach to more extensive surgery has
improved cytoreduction rates and survival according to previous stud-
ies, but these analyses havemainly focused on stage III with lowpropor-
tion of stage IV patients, and opposite results have also been presented
[4,9–13].

The objective of this retrospective study was to evaluate the impact
of change of surgical approach on progression-free survival (PFS) and
overall survival (OS) in womenwith advanced epithelial ovarian cancer
operated in a tertiary referral center, Tampere University Hospital,
Finland.

2. Material and methods

This retrospective study was performed by analyzing the complete
patient records of 247 consecutive patients operated in Tampere Uni-
versity Hospital (TAUH) between January 2013 and March 2019.
TAUH is a tertiary referral center for a population of 1 million people.
Gynecological cancer patients are treated by specialist gynecological on-
cology team, consisting of certified Gynecologic Oncologists. Inclusion
criteria for this analysis were as follows: FIGO (Federation of Gynecol-
ogy and Obstetrics) 2014 stage IIIB–IVB ovarian, Fallopian tube or pri-
mary peritoneal cancer, epithelial histology and having either primary
or interval debulking surgery. Patients with explorative laparotomy
aimed for debulking but were declared unresectable at the time of sur-
gery were included in the analysis. Patients with non-epithelial histol-
ogy or concomitant other malignancy were excluded.

2.1. Data collection

This retrospective, registry-based study approach was approved by
the administration of the Tampere University Hospital. Individual pa-
tient characteristics, clinical variables, site of metastases at the diagno-
sis, surgical findings and procedures, histopathological reports and
postoperative data including given chemotherapy and other medica-
tion, complications, follow-up data, recurrences and death were col-
lected from the patient records. The final follow-up data was collected
in November 2020. No approval of the Ethics Committee was necessary
for this retrospective analysis.

2.2. Study groups

Patients were categorized into two groups according to the opera-
tion date. Group 1 consisted of 122 patients operated between January
2013 and February 2016. All patients underwent standard surgery
with the intent to reach maximal cytoreduction. In this group, patients
with tumor involving upper abdomen including diaphragmatic perito-
neum and parenchymal metastases in liver or spleen were most likely
considered as unresectable leaving these patients suboptimally
debulked. There was no standardized protocol on patient selection dur-
ing these years.

Group 2 consisted of 125 patients operated between March 2016
andMarch 2019. The change in surgical approach towardsmaximal sur-
gical effort was initiated in March 2016, hence this was decided to be
the division point between groups. This change was preceded by inter-
nal educatory sessions of the Gynecologic Oncology team and a visit for
surgical training in a European accredited ovarian cancer center in 2015.
Gastrointestinal and thoracic surgeons, affiliated with the team, were
also educated about the change in surgical approach. After March 1st,
2016, ultra-radical procedures as total peritonectomy, diaphragm resec-
tion, splenectomy, distal pancreatectomy, liver resection, cholecystec-
tomy and multiple bowel resections were performed during surgery
when considered applicable. Gastrointestinal surgeons performed all
the bowel resections when it seemed necessary after the surgical plan
was made together with the gynecologic oncologist. All the other
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procedures were performed by gynecologic oncologist. Thoracic sur-
geons were involved in the first five operations to consult in diaphrag-
matic and cardiophrenic lymph node resections, after which the
gynecologic oncologist performed these independently in following
operations.

Patient selection for extensive surgery was structured with the
criteria of ASA class ≤2, age under 75 years and preoperative albumin
level over 30 g/l. If albumin level was suboptimal at the time of diagno-
sis, a preoperative nutritional support was initiated to reach the re-
quired level of 30 g/l. If the patient did not fill these criteria, standard
surgery or neoadjuvant chemotherapy followed by interval debulking
surgery was chosen.

2.3. Treatment

In both periods, primary debulking surgery (PDS) was the preferred
surgical approach. If optimal cytoreduction was deemed impossible to
achieve according to the preoperative work-up, the treatment was
startedwith neoadjuvant chemotherapy (NACT) and interval debulking
surgery (IDS) was reconsidered if tumor load showed response to treat-
ment after three cycles of chemotherapy. NACT-IDS was also selected if
patient's performance status or pre-operative albumin levelwas low. All
patients in both groups were operated only by a trained gynecologic
oncologist.

The complexity of the surgery was evaluated retrospectively from
the operative records by surgical complexity score (SCS) by Aletti [14].
Total SCS points 3 or under was defined as low, between 4 and 7 as in-
termediate and 8 or over as high surgical complexity and patients were
assigned to the groups based on these points.

Surgical adverse events occurring within 30 days after surgery were
graded according to Clavien-Dindo classification system [15]. Grades 1,
2 and 3A, which are relatively common after ovarian cancer surgery and
infrequently have a major effect on the recovery of the patient, were
considered as “minor complications” in the analyze to include only
grades 3B to 5 to the “major complications” group.

Chemotherapy given after surgery or as neoadjuvant was recorded.
Also, treatment with bevacizumab or PARP-inhibitors (olaparib or
niraparib) was documented. BRCA mutation status was systematically
analyzed after year 2016.

2.4. Outcome measures

Complete cytoreduction or R0was defined as no visible residual dis-
ease at the end of the surgery. Cytoreduction was defined as R1 when
residual tumor measured less than 10 mm in maximal dimension and
R2 if the residual tumor diameter exceeded 10 mm.

All recurrences of the disease and deathswere recorded. PFSwas de-
fined as the date from PDS or the first infusion of chemotherapy in the
NACT group to the date of first documented recurrence or progression
of the disease. Recurrence was defined radiologically from CT scans
based on RECIST 1.1. criteria or the CA12–5 criteria by the Gynecological
Cancer Intergroup [16,17]. Second-line chemotherapy treatment was
considered as progression, excluding changes in the first-line treatment
due to adverse events. If the patient didn't have these, PFS was calcu-
lated as a time interval from surgery to the date of last follow-up or
death, whichever occurred first. OS was defined as the time interval
from the date of PDS or the first infusion of chemotherapy for patients
undergoing IDS to the date of death or the last follow-up. Patients
were followed up to November 2020.

2.5. Statistical methods

Distributions between categorial variables were compared with Chi
square or Fisher's exact test. Differences between continuous variables
were compared using Mann Whitney U test. Univariate survival analy-
ses were performed using the Kaplan-Meier method and differences



Table 2
Surgical outcomes.

Variable Group 1 Group 2 P value

Cytoreduction N (%) <0.001
R0 21 (17.2%) 65 (52.0%)
R1 25 (20.5%) 41 (32.8%)
R2 76 (62.3%) 19 (15.2%)
Stage III R0 12 (14.3%) 40 (54.1%) <0.001

R1 17 (20.2%) 23 (31.1%)
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in survivals were analyzed with the log-rank test. Multivariate survival
analyses and adjusted hazard ratios for death and their 95% confidence
intervals were estimated with Cox regression. The following indepen-
dent variableswere included in themultivariable analysis: date of treat-
ment (Group 1 vs Group 2), FIGO stage (IIIB, IIIC, IVA, IVB), timing of
surgery (primary vs interval surgery), surgical complexity score (low,
medium, high), tumor residual (R0, R1, R2), age (18–49, 50–75, >75),
histology (high grade serous, low grade serous, other) and complica-
tions (no vs minor vs major complications). All statistical tests were
two-sided, and differences were considered significant with p-values
<0.05. The analyses were performed with IBM SPSS Statistics version
27 (IBM Corp., Armonk, N.Y., USA).

3. Results

3.1. Patient characteristics

Patient characteristics are presented in Table 1. Therewere no statis-
tical differences between groups in median age, ASA class or BMI. The
most common tumor histology was high grade serous in both groups
(83.6% and 84.8%). Among those with BRCA status known, BRCA muta-
tion was found in 19% and 16.3% in Group 1 and 2. There was a minor
increase in proportion of stage IV patients from 31.1% in Group 1 to
40.8% in Group 2, but the stage distribution between groups in stage
III and IV was not statistically significant, p = 0.145 (Table 1).

In Stage IV patients, the proportion of Stage IVAwith positive pleural
cytology was 42.1% (16/38) in Group 1 and 19.6% (10/51) in Group 2.
Distant lymph node metastasis as the most common distant metastatic
site were found in 59.1% and 48.8%, liver metastasis in 31.8% and 17.1%
and lung metastasis in 9.1% and 9.8% of Stage IVB patients in Group 1
and Group 2, respectively. Other metastatic sites in study groups were
spleen, infiltration of bowel, umbilicus, and bone. Two ormoremetasta-
tic sites were found in 18.2% and 19.5% of the patients in Group 1 and 2
(Table S1).

3.2. Surgical outcomes

The rate of primary debulking surgery increased from 58% to 69% in
Group 1 and Group 2, respectively, but the difference was not
Table 1
Patient characteristics.

Variable Group 1
(N = 122)

Group 2
(N = 125)

P value

Median age (range) ‘67 (24–87) 68 (31–89) 0.908
ASA class N (%) 0.179
1 47 (38.5%) 40 (32.0%)
2 56 (45.9%) 54 (43.2%)
3 19 (15.6%) 31 (24.8%)

FIGO stage N (%) 0.145
III 84 (68.9%) 74 (59.2%)
IIIB 5 (4.1%) 14 (11.2%)
IIIC 79 (64.8%) 60 (48.0%)
IV 38 (31.1%) 51 (40.8%)
IVA 16 (13.1%) 10 (8.0%)
IVB 22 (18.0%) 41 (32.8%)

Pre-operative albumin (g/l) 28 (19–45) 36 (15–47) 0.013
BRCA tested N (%) 36 (29.5%) 86 (69.0%) <0.001
1/2 positive 7 (19%) 14 (16.3%)
1/2 negative 29 (81%) 72 (83.7%)

Histology N (%) 0.190
High grade serous adenocarcinoma 102 (83.6%) 106 (84.8%)
Low grade serous adenocarcinoma 4 (3.3%) 9 (7.2%)
Endometrioid adenocarcinoma 5 (4.0%) 2 (1.6%)
Mucinous adenocarcinoma 4 (3.3%) 2 (1.6%)
Carcinosarcoma 3 (2.5%) 4 (3.2%)
Other (transitional cell, mixed cell) 1 (0.8%) 2 (1.6%)

ASA, American Society of Anesthesiologists; BRCA, breast cancer gene; FIGO, International
Federation of Gynecology and Obstetrics.
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statistically significant (p = 0.08; Table 2). The rate of complete resec-
tion (R0) increased from 17.2% (21/122) to 52.0% (65/125) within the
study period (p < 0.001), whereas the rate of suboptimal (R2)
cytoreduction decreased from 62.3% (76/122) to 15.2% (19/125). The
proportional rate of extensive surgical procedures increased signifi-
cantly in Group 2 (Table 3).

Median operation time (161 vs 342 min) and blood loss in surgery
(300 vs 1000 ml) were significantly higher in Group 2. The median of
Surgical Complexity Score was 2 and 7 in Groups 1 and 2, respectively
(p < 0.001). When categorized in groups “low, intermediate and high
SCS” groups, the rate of high SCS increased from 4.1% to 44.8% after
the change in surgical approach, while the rate of low complexity
surgeries decreased from 71.3% to 19.2%. There was a slightly higher
number of patients who had complications related to surgery in the
second group (82 vs 107), but the rate of minor vs major complications
according to Clavien-Dindo classification in patients who had any
complication, was similar between groups (p = 0.298), including one
postoperative death in Group 1 and two in Group 2.

Despite the marked rise in surgical complexity, there was no differ-
ence in the number of patients able to receive chemotherapy (92.6% vs
93.6% in groups 1 and 2, respectively). The most used combination was
six cycles of paclitaxel and carboplatin in both groups (Table 2). The
median time from surgery to first infusion of chemotherapy was 35
and 36 days (p = 0.010), and the number of patients for whom the
chemotherapy could not be initiated despite the original treatment
plan, was nine and eight patients in Group 1 and Group 2, respectively.
Patients were treated with bevacizumab more often in Group 1 (61.5%
vs 47.2%, p = 0.030). PARP-inhibitors were more commonly used in
R2 55 (65.5%) 11 (14.9%)
Stage IV R0 9 (23.6%) 25 (49.0%) <0.001

R1 8 (21.1%) 18 (35.3%)
R2 21 (55.3%) 8 (15.7%)

PDS 71 (58%) 86 (69%) 0.083
IDS 51 (42%) 39 (31%)
Surgical complexity score <0.001
Low ≤3 87 (71.3%) 24 (19.2%)
Intermediate 4–7 30 (24.6%) 45 (36.0%)
High ≥8 5 (4.1%) 56 (44.8%)

Blood loss (ml) 300
(10−3000)

1000
(20–4350)

<0.001

Operation time (min) 161
(59–393)

342 (83–734) <0.001

Clavien-Dindo grade
No complication 40 (32.8%) 18 (14.4%) 0.002
I-IIIA 73 (59.8%) 89 (71.2%)
IIIB-V 9 (7.4%) 18 (14.4%)

Days from surgery to first cycle of
chemotherapy

35 (7–57) 36 (15–71) 0.010

Patients receiving chemotherapy after
surgery

113 (92.6%) 117 (93.6%) 0.762

Taxan-carboplatin 93 (82.3%) 93 (79.5%)
Other platinum-based 17 (15.0%) 24 (20.5%)
Other chemotherapy 3 (2.7%) 0 (0%)

Number of chemotherapy cycles 6 (1–17) 6 (1−10) <0.001
Second-line chemotherapy 83 (68.0%) 62 (49.6%) 0.004
Bevacizumab (first or second line) 75 (61.5%) 59 (47.2%) 0.030
PARP-inhibitor 7 (5.7%) 18 (14.9%) 0.021

IDS, interval debulking surgery; PARP, Poly (ADP-ribose) polymerase; PDS, primary
debulking surgery; R0, complete cytoreduction; R1, optimal cytoreduction; R2, subopti-
mal cytoreduction.



Table 3
Cytoreductive procedures performed.

Procedure Group 1 Group 2 P value

Hysterectomy 74 (60.7%) 87 (69.6%) 0.145
Salpingo-oophorectomy 114 (93.4%) 114 (91.2%) 0.635
Resection of omentum 104 (85.2%) 116 (92.8%) 0.067
Pelvic lymphadenectomy 18 (14.8%) 43 (34.3%) <0.001
Para-aortic lymphadenectomy 17 (13.9%) 47 (37.6%) <0.001
Peritonectomy 5 (4.1%) 86 (68.8%) <0.001
Large bowel resection 16 (13.1%) 52 (41.6%) <0.001
Isolated sigmoid/rectosigmoid resection 16 (13.1%) 11 (8.8%) 0.277
En-bloc resection 0 (0%) 41 (32.8%) <0.001

Splenectomy 1 (0.8%) 33 (26.4%) <0.001
Small bowel resection 1 (0.8%) 9 (7.2%) 0.019
Superficial liver resection 0 (0%) 13 (10.4%) <0.001
Non-anatomic liver resection 0 (0%) 6 (4.8%) 0.029
Diaphragm resection 0 (0%) 15 (12.0%) <0.001
Large bowel stoma 4 (3.3%) 44 (35.2%) <0.001
Small bowel stoma 10 (8.2%) 14 (11.2%) 0.521
Cholecystectomy 0 (0%) 10 (8.0%) 0.002
Cardiophrenic lymph node resection 0 (0%) 12 (9.6%) <0.001
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Group 2 (5.7% vs 14.9%, p=0.021). The surgical outcomes and the sub-
sequent therapies are summarized in Table 2.

3.3. Survival outcomes

The median follow-up time was 34 months for the Group 1 and 27
months for the Group 2. PFS and OS rates were significantly improved
in the Group 2. The median PFS in Group 1 was 15.6 months
(13.6–17.5) and in Group 2 19.3 months (17.8–20.9), p = 0.037. OS
rates for Group 1 vs Group 2 were 33.5 months (95% CI 26.2–40.8)
and 54.5 months (95% CI 35.2–73.8), respectively (p = 0.028) (Fig. 1).

Coxmultivariable analysis showed that OSwas independently influ-
enced by the amount of residual tumor and Clavien-Dindo complication
grade: optimal cytoreduction (R1) HR for death 3.6 (95% CI 2.07–6.10),
and suboptimal cytoreduction (R2) HR for death 3.9 (95% CI 2.17–7.08)
compared to no residual disease, and Clavien-Dindo complication grade
IIIB to IVHR for death 2.5 (95% CI 1.53–3.93) compared to Clavien-Dindo
complication grade< IIIB. In themultivariate analysis, there was no sig-
nificant difference between the stages (Table S2).

Survival comparisons between stages are shown in Fig. 2. PFS for
stage III patients was 17.5 months (95% CI 13.1–21.9) in Group 1 and
19.8 months (95% CI 18.0–21.6) in Group 2, but the difference was not
statistically significant (p = 0.085). Median OS for stage III patients in
Group 1 was 36.1 months (95% CI 27.4–44.8) but could not be reached
Fig. 1. A. Progression-free survival in Group 1 and Group 2, all stages combined (p= 0
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in Group 2 (p = 0.009). In Stage IV patients, the change in surgical ap-
proach did not associate with improved survival: PFS was 14.8 months
(12.5–17.1) and 16.8months (14.3–19.2) in Group 1 and 2, respectively
(p = 0.144). OS was 32.0 months (16.4–47.7) and 39.3 months
(24.8–53.8) in Group 1 and 2, respectively (p = 0.691). There were no
statistically significant differences in OS or PFS between PDS and IDS/
NACT patients in either study group. Survival times and curves are
found in supplementary material (Fig. S1).

For group 2 patients, we analyzed the survival outcomes in stage III
and IV separately for completely debulked patients and patients with
residual tumor >0. In Group 2, 54.1% of Stage III and 49.0% of Stage IV
patients were completely debulked. In these patients, the number of
major complications (12.2% vs 17.6%, p = 0.39), ASA grade (p =
0.306), time from surgery to first infusion of chemotherapy (36.5 vs
35.0, p=0.841) and the proportion of PDS vs IDS (p=0.943)were sim-
ilar. Median OS for completely cytoreduced patients in Stage III was not
reached, whereas it was 54.5 months in stage IV (25.6–83.5), p=0.018
(Fig. 3). There was no OS benefit seen in Stage IV patients with residual
tumor >0 cm after the surgical paradigm change: OS was 26.7 months
(95% CI 22.6–30.7) and 30.1 months (21.8–38.4) in Group 1 and Group 2,
respectively (p= 0.85).

4. Discussion

This single center retrospective study shows that the change in ovar-
ian cancer surgery towards maximal surgical effort has led to both sig-
nificantly improved complete cytoreduction rates, as well as improved
progression-free and overall survival. When the time periods
2013–2016 (Group 1) and 2016–2019 (Group 2)were compared, an in-
crease of 21months inmedianOSwasobserved, but the survival benefit
seemed to be limited to FIGO Stage III patients.

There were no significant differences in the patient characteristics
between the study groups. Despite the more aggressive surgery in
Group 2, there was no increase in major morbidity rate and therefore,
the number of patients receiving chemotherapy was similar and the
time interval from surgery to initiation of chemotherapy was not de-
layed. During the study years, oncological treatments have practically
remained unchanged. Treatmentwith bevacizumabwasmore common
in the first group thus it is not an explanation for the better survival in
the latter group. In fact, the use of bevacizumab in group 1 reflects the
local practice of using bevacizumab only in suboptimally debulked pa-
tients according to results of ICON7 trial. [18] As shown in recent trials,
PARP-inhibitors have improved survival rates to a great extent. [19–21]
The effect of PARP-inhibitors in our study population may not be seen
.037). B. Overall survival in Group 1 and Group 2, all stages combined (p = 0.028).



Fig. 2.A. Progression-free survival in Stage III patients by groups (p=0.085). B. Overall survival in Stage III patients by groups (p=0.009). C. Progression-free survival in Stage IVby groups
(p = 0.144). D. Overall survival in Stage IV patients by groups (p = 0.691).
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yet because the introduction of PARP-inhibitors took place at the end of
the study period and the number of PARPi-treated patients was low due
to low prevalence of BRCA1/2 mutations in Finland, and the use of
PARPis was mainly limited to recurrent setting. Considering these as-
pects, we presume that the improved survival associated with the
Group 2 patients is mainly resulting from the change in the surgical
approach.

The positive survival effect of programmatic change in surgery of
advanced ovarian cancer has been demonstrated inmany studies previ-
ously. Chi et al. showed improvement in five-year PFS (31% vs 14%) and
five-year OS (47% vs 35%) after the change in surgical paradigm in their
institution, and OSwas significantly longer (54 vs 43months, p=0.03)
compared to previously operated patients. [9] However, their propor-
tion of Stage IV patients were only 12% and 17% in study groups.

When assessing our survival results by subgroups, OS benefit was
detected only in Stage III patients. Previous studies showing improved
survival after introducing maximal surgical effort in ovarian cancer sur-
gery have mainly focused on stage III patients with low proportion of
stage IV and survival results have often been presented combining
stage III ja IV together. [4,9] Therefore, the benefit of programmatic
surgical change regarding stage IV patients has remained somewhat un-
clear. Recently, a Swedish study by Falconer et al. showed no improved
survival in women with advanced epithelial ovarian cancer after
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implementation of ultra-radical surgery in their institution, with study
cohort including 34% stage IV patients. [22] However, their survival re-
sults or rates of complete cytoreduction were not specified according
to FIGO stage.

More advanced disease is shown to be associated with poorer sur-
vival even when complete resection has been reached also in preceding
studies. [23,24] Gynecologic Oncology Group 182 study by Horowitz
et al. showed that even when the complete cytoreduction is achieved,
patients with advanced epithelial ovarian cancer with high disease bur-
den before the surgery (tumor affecting upper abdominal organs) had
worse PFS (18.3 months vs 32.3 months, p < 0.001) and OS (50.1 vs
82.8 months) compared to patients with low or moderate disease bur-
den. [23] However, their study only included patients having PDS and
the proportion of stage IV was low (11%).

Ataseven et al. studied the impact of primary debulking surgery and
residual disease on survival in Stage IV patients. [25] R0was achieved in
54.9% of patients with median OS being 50 months. Their conclusion
was that FIGO Stage IV patients do benefit from extensive debulking
surgery if the tumor residual <10mm is achieved. Patients with subop-
timal cytoreduction would have done better without any surgery, with
OS 16months vs 19 months in patients with no surgery. Also, Sørensen
et al. found that achieving residual disease <1 cm increases overall sur-
vival in stage IV patients but this study did not assess the effect of



Fig. 3. Overall survival in Group 2 patients with complete cytoreduction in Stage III and Stage IV.
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aggressive surgery. [26] Winter et al. stated that selected stage IV pa-
tients might benefit from ultra-radical procedures if complete
cytoreduction is achieved. In our study, the rate of optimal debulking al-
most doubled (44.7% vs 84.3%) in stage IV patients with the protocol
changewithout a significant improvement in overall survival. However,
our findings from Stage IV patients do not directly imply that these pa-
tients do not benefit from extensive surgery but emphasizes the role of
careful patient selection for extensively radical surgery. It is not known
if the distant metastases, tumor biology or both impact the poorer sur-
vival of stage IV patients compared to stage III patients when complete
cytoreduction is achieved.Worse prognosis of stage IVpatients has been
presented to result fromextra-abdominalmetastases andpoorer overall
health due to advanced disease. [26]

The prognosis of stage IV patients has been proposed to differ ac-
cording to the site of metastasis, but our study population was too
small to assess this aspect. [27–29] Ataseven et al. stated that as a heter-
ogenous group, stage IV patients with different metastatic patterns
should be separated into subgroups of good and poor prognosis, for ex-
ample resectable extra-abdominal lymph node metastases vs multiple
lung metastases. [30] Their suggestion was that stage IV may be associ-
ated with a distinct biology only in few cases. Contrarily, extensive
spreading of tumor cells and poorer prognosis of stage IV patients has
been contemplated to result from more aggressive tumor biology as
the aspect that cannot overcome by surgery. Falconer et al. speculated
possible explanations for that to be the inflammatory response after
surgery that diminishes the positive effects of complete resection, and
that surgical stress could affect the sensitivity of remaining cancer
cells to following chemotherapy resulting in poorer prognosis
[22,31,32] Chang et al. concluded on their review that “surgical exper-
tise at least partly counteracts the effects of underlying tumor biology”
and surgery resulting in complete cytoreduction leads to best survival.
[33] Our results imply that the survival benefit of extensive debulking
surgery in stage IV patients may be limited, thus emphasizing the
importance of patient selection to undergo procedures with increased
morbidity and for whom complete cytoreduction is achievable.
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Therefore, more studies, especially prospective ones, are needed to as-
sess this topic. Also, the small sample size limits the statistical power
to analyze stage IV more specifically.

The weaknesses of the present study are the retrospective setting
and relatively short follow-up time,whichwas right censored especially
inGroup 2. Due to small sample size and the rapid change in surgical ap-
proach, we decided not to define a wash-out period between the
groups, so there may be some patients operated at the beginning of
the second periodwhowere not treatedwith the novel extensive surgi-
cal protocol.

The strength of our study is that it presents high-quality data from a
tertiary referral center with certified Gynecologic Oncologists, who are
responsible for the complete treatment and follow-up of these patients.
This is the study with one of the largest proportions of stage IV patients
analyzed when evaluating the impacts of extensive ovarian cancer sur-
gery and it represents the real-world evidence with unselected patient
material. Also, our study included both PDS and IDS, which is a different
design compared to previous studies investigating the impact of surgical
shift, as they have been including only PDS. [4,9–11]. However, we feel
that the design of the current study including both PDS and IDS patients
reflects better the real-world evidence setting and is most probably less
prone to selection bias. PDS has shown to be preferable choice for sur-
gery over NACT-IDS, which has more often been chosen for patients
with poorer performance status and comorbidities and this may affect
the worse prognosis of these patients. [34–36] Therefore, our results
are not directly comparable to these previously presented, but on the
other hand, the PDS/IDS rate did not change during the study period,
so the study groups were similar in this regard. In addition, so far
there have been only few studies from Scandinavia on this subject and
no previous studies from Finland.

In summary, this retrospective analysis shows that implementing
maximal surgical effort to treatment of advanced epithelial ovarian can-
cer results in an increased rate of complete cytoreduction and improves
both progression-free and overall survival, when considering stage III
and IV as a same entity. [9,37] In the sub-analysis of the present data,
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the benefit of programmatic change from standard surgery towards
maximal surgical effort was limited to FIGO Stage III patients. Further
studies are needed to evaluate the survival effects of maximal surgical
effort among stage IV women. We suggest that ovarian cancer patients
with FIGO Stage III and Stage IV should be considered as separate enti-
ties in future research.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2022.03.023.

Author contributions

Study concept and design: S. Saarelainen, S. Staff, A. Auranen.
Acquisition of data: N. Norppa, S. Saarelainen.
Statistical analysis: N. Norppa, M. Helminen.
Analysis and interpretation of data: N. Norppa, M. Helminen, S.

Saarelainen, S. Staff, A. Auranen.
Manuscript writing: N. Norppa, S. Staff, S. Saarelainen, A. Auranen.
Critical review of themanuscript: A. Auranen, S. Staff, S. Saarelainen.
Final approval of manuscript: N. Norppa, S. Staff, M. Helminen, A.

Auranen. S. Saarelainen.

Declaration of Competing Interest

The authors declare no conflict of interest.

Acknowledgements

This studywasfinancially supported by Tampere UniversityHospital
(grant ID MJ006B/2020. The authors would like to thank the Clinical
Informatics Unit at the Tampere University Hospital for data curating,
visualization, and analysis.

References

[1] WHO, International Agency for Research on Cancer, Cancer Today, https://gco.iarc.
fr/today/online-analysis-table?v=2020&mode=cancer&mode_population=
continents&population=900&populations=900&key=asr&sex=2&cancer=
39&type=1&statistic=5&prevalence=0&population_group=0&ages_group%5B%
5D=0&ages_group%5B%5D=17&group_cancer=1&include_nmsc=1&include_
nmsc_other=1 2021 (accessed May 18, 2021).

[2] P. Wimberger, M. Wehling, N. Lehmann, R. Kimmig, B. Schmalfeldt, A. Burges, P.
Harter, J. Pfisterer, A. du Bois, Influence of residual tumor on outcome in ovarian
cancer patients with FIGO stage IV disease, Ann. Surg. Oncol. 17 (2010)
1642–1648, https://doi.org/10.1245/s10434-010-0964-9.

[3] A. Elattar, A. Bryant, B.A. Winter-Roach, M. Hatem, R. Naik, Optimal primary surgical
treatment for advanced epithelial ovarian cancer, Cochrane Database Syst. Rev. 2011
(2011) https://doi.org/10.1002/14651858.CD007565.pub2.

[4] G.D. Aletti, S.C. Dowdy, B.S. Gostout, M.B. Jones, C.R. Stanhope, T.O. Wilson, K.C.
Podratz, W.A. Cliby, Aggressive Surgical Effort and Improved Survival in
Advanced-Stage Ovarian cancer LEVEL OF EVIDENCE: II-2, 2006.

[5] S.J. Chang, M. Hodeib, J. Chang, R.E. Bristow, Survival impact of complete
cytoreduction to no gross residual disease for advanced-stage ovarian cancer: a
meta-analysis, Gynecol. Oncol. 130 (2013) 493–498, https://doi.org/10.1016/j.
ygyno.2013.05.040.

[6] L.M. Chiva, T. Castellanos, S. Alonso, A. Gonzalez-Martin, Minimal macroscopic resid-
ual disease (0.1-1 cm). Is it still a surgical goal in advanced ovarian cancer? Int. J.
Gynecol. Cancer 26 (2016) 906–911, https://doi.org/10.1097/IGC.
0000000000000690.

[7] R.E. Bristow, R.S. Tomacruz, D.K. Armstrong, E.L. Trimble, F.J. Montz, Survival effect of
maximal cytoreductive surgery for advanced ovarian carcinoma during the plati-
num Era_ A meta-analysis, J. Clin. Oncol. 20 (2002) 1248–1259.

[8] S.M. Eisenkop, R.L. Friedman, J. Wang, Complete cytoreductive surgery is feasible
and maximizes survival in patients with advanced epithelial ovarian cancer: a pro-
spective study, Gynecol. Oncol. 69 (1998) 103–108.

[9] D.S. Chi, E.L. Eisenhauer, O. Zivanovic, Y. Sonoda, N.R. Abu-Rustum, D.A. Levine, M.W.
Guile, R.E. Bristow, C. Aghajanian, R.R. Barakat, Improved progression-free and over-
all survival in advanced ovarian cancer as a result of a change in surgical paradigm,
Gynecol. Oncol. 114 (2009) 26–31, https://doi.org/10.1016/j.ygyno.2009.03.018.

[10] J.H. Tseng, R.A. Cowan, Q. Zhou, A. Iasonos, M. Byrne, T. Polcino, C. Polen-De, G.J.
Gardner, Y. Sonoda, O. Zivanovic, N.R. Abu-Rustum, K. Long Roche, D.S. Chi, Contin-
uous improvement in primary Debulking surgery for advanced ovarian cancer: do
increased complete gross resection rates independently lead to increased
progression-free and overall survival? Gynecol. Oncol. 151 (2018) 24–31, https://
doi.org/10.1016/j.ygyno.2018.08.014.

[11] P. Harter, Z.M. Muallem, C. Buhrmann, D. Lorenz, C. Kaub, R. Hils, S. Kommoss, F.
Heitz, A. Traut, A. du Bois, Impact of a structured quality management program on
484
surgical outcome in primary advanced ovarian cancer, Gynecol. Oncol. 121 (2011)
615–619, https://doi.org/10.1016/j.ygyno.2011.02.014.

[12] J.Y. Chern, J.P. Curtin, Appropriate recommendations for surgical Debulking in stage
IV ovarian cancer, Curr. Treat. Options in Oncol. 17 (2016) 1–10, https://doi.org/10.
1007/s11864-015-0380-2.

[13] E.L. Eisenhauer, N.R. Abu-Rustum, Y. Sonoda, D.A. Levine, E.A. Poynor, C. Aghajanian,
W.R. Jarnagin, R.P. DeMatteo, M.I. D'Angelica, R.R. Barakat, D.S. Chi, The addition of
extensive upper abdominal surgery to achieve optimal cytoreduction improves sur-
vival in patients with stages IIIC-IV epithelial ovarian cancer, Gynecol. Oncol. 103
(2006) 1083–1090, https://doi.org/10.1016/j.ygyno.2006.06.028.

[14] G.D. Aletti, S.C. Dowdy, K.C. Podratz, W.A. Cliby, Relationship among surgical com-
plexity, short-term morbidity, and overall survival in primary surgery for advanced
ovarian cancer, Am. J. Obstet. Gynecol. 197 (676) (2007) e1–676.e7, https://doi.org/
10.1016/j.ajog.2007.10.495.

[15] P.A. Clavien, J. Barkun, M.L. de Oliveira, J.N. Vauthey, D. Dindo, R.D. Schulick, E. de
Santibanes, J. Pekolj, K. Slankamenac, C. Bassi, R. Graf, R. Vonlanthen, R. Padbury,
J.L. Cameron, M. Makuuchi, The Clavien-Dindo classification of surgical complica-
tions, Ann. Surg. 250 (2009) 187–196.

[16] E.A. Eisenhauer, P. Therasse, J. Bogaerts, L.H. Schwartz, D. Sargent, R. Ford, J. Dancey,
S. Arbuck, S. Gwyther, M. Mooney, L. Rubinstein, L. Shankar, L. Dodd, R. Kaplan, D.
Lacombe, J. Verweij, New response evaluation criteria in solid tumours: revised
RECIST guideline (version 1.1), Eur. J. Cancer 45 (2009) 228–247, https://doi.org/
10.1016/j.ejca.2008.10.026.

[17] G.J.S. Rustin, I. Vergote, E. Eisenhauer, E. Pujade-Lauraine, M. Quinn, T. Thigpen, A. du
Bois, G. Kristensen, A. Jakobsen, S. Sagae, K. Greven, M. Parmar, M. Friedlander, A.
Cervantes, J. Vermorken, Definitions for response and progression in ovarian cancer
clinical trials incorporating recist 1.1 and CA 125 agreed by the gynecological cancer
intergroup (GCIG), Int. J. Gynecol. Cancer 21 (2011) 419–423, https://doi.org/10.
1097/IGC.0b013e3182070f17.

[18] T.J. Perren, A.M. Swart, J. Pfisterer, J.A. Ledermann, E. Pujade-Lauraine, G. Kristensen,
M.S. Carey, P. Beale, A. Cervantes, C. Kurzeder, A. du Bois, J. Sehouli, R. Kimmig, A.
Stähle, F. Collinson, S. Essapen, C. Gourley, A. Lortholary, F. Selle, M.R. Mirza, A.
Leminen, M. Plante, D. Stark, W. Qian, M.K.B. Parmar, A.M. Oza, A phase 3 trial of
bevacizumab in ovarian cancer, N. Engl. J. Med. 365 (2011) 2484–2496, https://
doi.org/10.1056/nejmoa1103799.

[19] I. Ray-Coquard, P. Pautier, S. Pignata, D. Pérol, A. González-Martín, R. Berger, K.
Fujiwara, I. Vergote, N. Colombo, J. Mäenpää, F. Selle, J. Sehouli, D. Lorusso, E.M.
Guerra Alía, A. Reinthaller, S. Nagao, C. Lefeuvre-Plesse, U. Canzler, G. Scambia, A.
Lortholary, F. Marmé, P. Combe, N. de Gregorio, M. Rodrigues, P. Buderath, C.
Dubot, A. Burges, B. You, E. Pujade-Lauraine, P. Harter, Olaparib plus bevacizumab
as first-line maintenance in ovarian cancer, N. Engl. J. Med. 381 (2019)
2416–2428, https://doi.org/10.1056/nejmoa1911361.

[20] K. Moore, N. Colombo, G. Scambia, B.-G. Kim, A. Oaknin, M. Friedlander, A.
Lisyanskaya, A. Floquet, A. Leary, G.S. Sonke, C. Gourley, S. Banerjee, A. Oza, A.
González-Martín, C. Aghajanian, W. Bradley, C. Mathews, J. Liu, E.S. Lowe, R. Bloom-
field, P. DiSilvestro, Maintenance olaparib in patients with newly diagnosed ad-
vanced ovarian cancer, N. Engl. J. Med. 379 (2018) 2495–2505, https://doi.org/10.
1056/nejmoa1810858.

[21] A. González-Martín, B. Pothuri, I. Vergote, R. DePont Christensen, W. Graybill, M.R.
Mirza, C. McCormick, D. Lorusso, P. Hoskins, G. Freyer, K. Baumann, K. Jardon, A.
Redondo, R.G. Moore, C. Vulsteke, R.E. O'Cearbhaill, B. Lund, F. Backes, P. Barretina-
Ginesta, A.F. Haggerty, M.J. Rubio-Pérez, M.S. Shahin, G. Mangili, W.H. Bradley, I.
Bruchim, K. Sun, I.A. Malinowska, Y. Li, D. Gupta, B.J. Monk, Niraparib in patients
with newly diagnosed advanced ovarian cancer, N. Engl. J. Med. 381 (2019)
2391–2402, https://doi.org/10.1056/nejmoa1910962.

[22] H. Falconer, U. Joneborg, K. Krawiec, K. Palsdottir, M. Bottai, S. Salehi, Ultra-radical
upfront surgery does not improve survival inwomenwith advanced epithelial ovar-
ian cancer; a natural experiment in a complete population, Gynecol. Oncol. 159
(2020) 58–65, https://doi.org/10.1016/j.ygyno.2020.07.009.

[23] N.S. Horowitz, A. Miller, B. Rungruang, S.D. Richard, N. Rodriguez, M.A. Bookman,
C.A. Hamilton, T.C. Krivak, G.L. Maxwell, Does aggressive surgery improve out-
comes? Interaction between preoperative disease burden and complex surgery in
patients with advanced-stage ovarian cancer: an analysis of GOG 182, J. Clin.
Oncol. 33 (2015) 937–943, https://doi.org/10.1200/JCO.2014.56.3106.

[24] C.A. Hamilton, A.Miller, C. Miller, T.C. Krivak, J.H. Farley, M.R. Chernofsky, M.P. Stany,
G.S. Rose, M. Markman, R.F. Ozols, D.K. Armstrong, G.L. Maxwell, The impact of dis-
ease distribution on survival in patients with stage III epithelial ovarian cancer
cytoreduced to microscopic residual: a gynecologic oncology group study, Gynecol.
Oncol. 122 (2011) 521–526, https://doi.org/10.1016/j.ygyno.2011.04.041.

[25] B. Ataseven, C. Grimm, P. Harter, F. Heitz, A. Traut, S. Prader, A. du Bois, Prognostic
impact of debulking surgery and residual tumor in patients with epithelial ovarian
cancer FIGO stage IV, Gynecol. Oncol. 140 (2016) 215–220, https://doi.org/10.
1016/j.ygyno.2015.12.007.

[26] S.M. Sørensen, T.H. Schnack, C. Høgdall, Impact of residual disease on overall sur-
vival in women with Federation of Gynecology and Obstetrics stage IIIB-IIIC vs
stage IV epithelial ovarian cancer after primary surgery, Acta Obstet. Gynecol.
Scand. 98 (2019) 34–43, https://doi.org/10.1111/aogs.13453.

[27] E. Hjerpe, C. Staf, P. Dahm-Kähler, K. Stålberg, M. Bjurberg, E. Holmberg, C. Borgfeldt,
B. Tholander, K. Hellman, P. Kjølhede, T. Högberg, P. Rosenberg, E. Åvall-Lundqvist,
Lymph node metastases as only qualifier for stage IV serous ovarian cancer confers
longer survival than other sites of distant disease–a Swedish Gynecologic Cancer
Group (SweGCG) study, Acta Oncol. 57 (2018) 331–337, https://doi.org/10.1080/
0284186X.2017.1400691.

[28] K. Deng, C. Yang, Q. Tan, W. Song, M. Lu, W. Zhao, G. Lou, Z. Li, K. Li, Y. Hou, Sites of
distant metastases and overall survival in ovarian cancer: a study of 1481 patients,
Gynecol. Oncol. 150 (2018) 460–465, https://doi.org/10.1016/j.ygyno.2018.06.022.

https://doi.org/10.1016/j.ygyno.2022.03.023
https://doi.org/10.1016/j.ygyno.2022.03.023
https://gco.iarc.fr/today/online-analysis-table?v=2020&amp;mode=cancer&amp;mode_population=continents&amp;population=900&amp;populations=900&amp;key=asr&amp;sex=2&amp;cancer=39&amp;type=1&amp;statistic=5&amp;prevalence=0&amp;population_group=0&amp;ages_group%5B%5D=0&amp;ages_group%5B%5D=17&amp;group_cancer=1&amp;include_nmsc=1&amp;include_nmsc_other=1
https://gco.iarc.fr/today/online-analysis-table?v=2020&amp;mode=cancer&amp;mode_population=continents&amp;population=900&amp;populations=900&amp;key=asr&amp;sex=2&amp;cancer=39&amp;type=1&amp;statistic=5&amp;prevalence=0&amp;population_group=0&amp;ages_group%5B%5D=0&amp;ages_group%5B%5D=17&amp;group_cancer=1&amp;include_nmsc=1&amp;include_nmsc_other=1
https://gco.iarc.fr/today/online-analysis-table?v=2020&amp;mode=cancer&amp;mode_population=continents&amp;population=900&amp;populations=900&amp;key=asr&amp;sex=2&amp;cancer=39&amp;type=1&amp;statistic=5&amp;prevalence=0&amp;population_group=0&amp;ages_group%5B%5D=0&amp;ages_group%5B%5D=17&amp;group_cancer=1&amp;include_nmsc=1&amp;include_nmsc_other=1
https://gco.iarc.fr/today/online-analysis-table?v=2020&amp;mode=cancer&amp;mode_population=continents&amp;population=900&amp;populations=900&amp;key=asr&amp;sex=2&amp;cancer=39&amp;type=1&amp;statistic=5&amp;prevalence=0&amp;population_group=0&amp;ages_group%5B%5D=0&amp;ages_group%5B%5D=17&amp;group_cancer=1&amp;include_nmsc=1&amp;include_nmsc_other=1
https://gco.iarc.fr/today/online-analysis-table?v=2020&amp;mode=cancer&amp;mode_population=continents&amp;population=900&amp;populations=900&amp;key=asr&amp;sex=2&amp;cancer=39&amp;type=1&amp;statistic=5&amp;prevalence=0&amp;population_group=0&amp;ages_group%5B%5D=0&amp;ages_group%5B%5D=17&amp;group_cancer=1&amp;include_nmsc=1&amp;include_nmsc_other=1
https://gco.iarc.fr/today/online-analysis-table?v=2020&amp;mode=cancer&amp;mode_population=continents&amp;population=900&amp;populations=900&amp;key=asr&amp;sex=2&amp;cancer=39&amp;type=1&amp;statistic=5&amp;prevalence=0&amp;population_group=0&amp;ages_group%5B%5D=0&amp;ages_group%5B%5D=17&amp;group_cancer=1&amp;include_nmsc=1&amp;include_nmsc_other=1
https://doi.org/10.1245/s10434-010-0964-9
https://doi.org/10.1002/14651858.CD007565.pub2
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0020
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0020
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0020
https://doi.org/10.1016/j.ygyno.2013.05.040
https://doi.org/10.1016/j.ygyno.2013.05.040
https://doi.org/10.1097/IGC.0000000000000690
https://doi.org/10.1097/IGC.0000000000000690
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0035
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0035
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0035
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0040
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0040
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0040
https://doi.org/10.1016/j.ygyno.2009.03.018
https://doi.org/10.1016/j.ygyno.2018.08.014
https://doi.org/10.1016/j.ygyno.2018.08.014
https://doi.org/10.1016/j.ygyno.2011.02.014
https://doi.org/10.1007/s11864-015-0380-2
https://doi.org/10.1007/s11864-015-0380-2
https://doi.org/10.1016/j.ygyno.2006.06.028
https://doi.org/10.1016/j.ajog.2007.10.495
https://doi.org/10.1016/j.ajog.2007.10.495
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0075
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0075
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0075
http://refhub.elsevier.com/S0090-8258(22)00205-0/rf0075
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1097/IGC.0b013e3182070f17
https://doi.org/10.1097/IGC.0b013e3182070f17
https://doi.org/10.1056/nejmoa1103799
https://doi.org/10.1056/nejmoa1103799
https://doi.org/10.1056/nejmoa1911361
https://doi.org/10.1056/nejmoa1810858
https://doi.org/10.1056/nejmoa1810858
https://doi.org/10.1056/nejmoa1910962
https://doi.org/10.1016/j.ygyno.2020.07.009
https://doi.org/10.1200/JCO.2014.56.3106
https://doi.org/10.1016/j.ygyno.2011.04.041
https://doi.org/10.1016/j.ygyno.2015.12.007
https://doi.org/10.1016/j.ygyno.2015.12.007
https://doi.org/10.1111/aogs.13453
https://doi.org/10.1080/0284186X.2017.1400691
https://doi.org/10.1080/0284186X.2017.1400691
https://doi.org/10.1016/j.ygyno.2018.06.022


N. Norppa, S. Staff, M. Helminen et al. Gynecologic Oncology 165 (2022) 478–485
[29] J. Xu, I. Hussain, L. Wang, K. Deng, L. Zhao, K. Zhou, L. Zhang, Z. Xu, K. Li, Incidence of
and risk factors associated with lungmetastases in newly diagnosed epithelial ovar-
ian cancer with a look on prognosis after diagnosis: a population-based cohort study
of the SEER database, Arch. Gynecol. Obstet. (2021) https://doi.org/10.1007/s00404-
021-05997-w.

[30] B. Ataseven, L.M. Chiva, P. Harter, A. Gonzalez-Martin, A. du Bois, FIGO stage IV ep-
ithelial ovarian, fallopian tube and peritoneal cancer revisited, Gynecol. Oncol. 142
(2016) 597–607, https://doi.org/10.1016/j.ygyno.2016.06.013.

[31] J. Pasquier, F. Vidal, J. Hoarau-Véchot, C. Bonneau, E. Daraï, C. Touboul, A. Rafii, Sur-
gical peritoneal stress creates a pro-metastatic niche promoting resistance to apo-
ptosis via IL-8 11 medical and health sciences 1112 oncology and carcinogenesis
11 medical and health sciences 1103 clinical sciences, J. Transl. Med. 16 (2018)
https://doi.org/10.1186/s12967-018-1643-z.

[32] J.G. Hiller, N.J. Perry, G. Poulogiannis, B. Riedel, E.K. Sloan, Perioperative events influ-
ence cancer recurrence risk after surgery, Nat. Rev. Clin. Oncol. 15 (2018) 205–218,
https://doi.org/10.1038/nrclinonc.2017.194.

[33] S.J. Chang, R.E. Bristow, D.S. Chi,W.A. Cliby, Role of aggressive surgical cytoreduction
in advanced ovarian cancer, J. Gynecol. Oncol. 26 (2015) 336–342, https://doi.org/
10.3802/jgo.2015.26.4.336.

[34] D. Querleu, F. Planchamp, L. Chiva, C. Fotopoulou, D. Barton, D. Cibula, G. Aletti, S.
Carinelli, C. Creutzberg, B. Davidson, P. Harter, L. Lundvall, C. Marth, P. Morice, A.
Rafii, I. Ray-Coquard, A. Rockall, C. Sessa, A. van der Zee, I. Vergote, A. du Bois,
485
European society of gynaecologic oncology quality indicators for advanced ovarian
cancer surgery, Int. J. Gynecol. Cancer 26 (2016) 1354–1363, https://doi.org/10.
1097/IGC.0000000000000767.

[35] D.S. Chi, F. Musa, F. Dao, O. Zivanovic, Y. Sonoda, M.M. Leitao, D.A. Levine, G.J.
Gardner, N.R. Abu-Rustum, R.R. Barakat, An analysis of patients with bulky ad-
vanced stage ovarian, tubal, and peritoneal carcinoma treated with primary
debulking surgery (PDS) during an identical time period as the randomized
EORTC-NCIC trial of PDS vs neoadjuvant chemotherapy (NACT), Gynecol. Oncol.
124 (2012) 10–14, https://doi.org/10.1016/j.ygyno.2011.08.014.

[36] Y.A. Lyons, H.D. Reyes, M.E. Mcdonald, A. Newtson, E. Devor, D.P. Bender, M.J.
Goodheart, J. Gonzalez Bosquet, Interval debulking surgery is not worth the wait:
a National Cancer Database study comparing primary cytoreductive surgery versus
neoadjuvant chemotherapy, Int. J. Gynecol. Cancer 30 (2020) 845–852, https://doi.
org/10.1136/ijgc-2019-001124.

[37] M. Luyckx, E. Leblanc, T. Filleron, P. Morice, E. Darai, J.M. Classe, G. Ferron, E.
Stoeckle, C. Pomel, B. Vinet, E. Chereau, C. Bergzoll, D. Querleu, Maximal
cytoreduction in patients with figo stage iiic to stage IV ovarian, fallopian,
and peritoneal cancer in day-to-day practice: a retrospective french multicen-
tric study, Int. J. Gynecol. Cancer 22 (2012) 1337–1343, https://doi.org/10.
1097/IGC.0b013e31826a3559.

https://doi.org/10.1007/s00404-021-05997-w
https://doi.org/10.1007/s00404-021-05997-w
https://doi.org/10.1016/j.ygyno.2016.06.013
https://doi.org/10.1186/s12967-018-1643-z
https://doi.org/10.1038/nrclinonc.2017.194
https://doi.org/10.3802/jgo.2015.26.4.336
https://doi.org/10.3802/jgo.2015.26.4.336
https://doi.org/10.1097/IGC.0000000000000767
https://doi.org/10.1097/IGC.0000000000000767
https://doi.org/10.1016/j.ygyno.2011.08.014
https://doi.org/10.1136/ijgc-2019-001124
https://doi.org/10.1136/ijgc-2019-001124
https://doi.org/10.1097/IGC.0b013e31826a3559
https://doi.org/10.1097/IGC.0b013e31826a3559

	Improved survival after implementation of ultra-�radical surgery in advanced epithelial ovarian cancer: Results from a tert...
	1. Introduction
	2. Material and methods
	2.1. Data collection
	2.2. Study groups
	2.3. Treatment
	2.4. Outcome measures
	2.5. Statistical methods

	3. Results
	3.1. Patient characteristics
	3.2. Surgical outcomes
	3.3. Survival outcomes

	4. Discussion
	Author contributions
	Declaration of Competing Interest
	Acknowledgements
	References




