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TIIVISTELMÄ 

Epiteliaalinen munasarjasyöpä diagnosoidaan useimmiten syövän jo ollessa levinnyt 

laajalle vatsaonteloon. Levinneen munasarjasyövän hoidon kultainen standardi on 

leikkaus yhdistettynä solunsalpaajahoitoon. Kaiken näkyvän kasvaimen poisto 

leikkauksessa on levinneen munasarjasyövän merkittävin ennustetekijä. Tämän 

tavoitteen saavuttamiseksi kirurginen hoito on viime vuosikymmeninä 

maailmanlaajuisesti kehittynyt merkittävästi kohti maksimaalista sytoreduktiivista 

kirurgiaa, jossa vatsaonteloa operoidaan huomattavasti laajemmin perinteiseen 

munasarjasyöpäkirurgiaan verrattuna. 

Tampereen yliopistollisessa sairaalassa laajentunut leikkaustapa levinneen 

munasarjasyövän hoidossa otettiin käyttöön vuonna 2016. Tämän tutkimuksen 

tarkoituksena oli arvioida uuden leikkaustavan käyttöönoton vaikutuksia 

munasarjasyöpäpotilaiden hoitoon ja ennusteeseen. 

Tutkimuksen ensimmäinen osatyö käsitteli uuden leikkaustavan käyttöönoton 

vaikutuksia leikkaushoitoon ja kirurgisesti hoidettujen potilaiden ennusteeseen. 

Tulokset osoittivat, että laajentuneen kirurgian myötä kaiken kasvaimen poisto 

leikkauksessa saavutettiin lähes kolme kertaa useammin verrattuna perinteiseen 

kirurgiaan. Tämän seurauksena leikattujen potilaiden tautivapaa-aika sekä 

kokonaiselossaoloaika parantuivat merkitsevästi. Elossaolohyöty oli selkeä 

levinneisyysasteen III potilailla, mutta tilastollisesti merkitsevää hyötyä 

levinneisyysasteen IV potilailla ei todettu. 

Toisessa osatyössä verrattiin kirurgisen hoidon komplikaatioita perinteisen ja 

uuden leikkaustavan ryhmissä. Komplikaatioiden kokonaismäärä oli molemmissa 

ryhmissä korkea, mutta laaja sytoreduktiivinen kirurgia lisäsi komplikaatioriskiä 

kolminkertaisesti. Suurin osa komplikaatioista oli kuitenkin vakavuusasteeltaan lieviä, 

jolloin ne harvoin merkittävästi heikentävät leikkauksesta toipumista. 

Kolmas osatyö selvitti uuden leikkaustavan vaikutuksia hoitopäätöksiin ja koko 

potilasryhmän ennusteeseen. Leikkaushoitoon päätyi kolme neljästä levinneen 

munasarjasyövän diagnoosin saaneista potilaista, ja tämä osuus ei näyttänyt 

merkitsevästi muuttuvan uuden leikkaustavan käyttöönoton myötä. Lisäksi tutkimus 

osoitti, että uuden leikkaustavan käyttöönotto ei vaikuttanut tuovan elossaolohyötyä 

koko potilasryhmää tarkastellessa. 
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Väitöskirjatutkimus osoittaa, että maksimaalisen sytoreduktiivisen kirurgian 

käyttöönotto levinneen munasarjasyövän leikkaushoidossa näyttää hyödyttävän 

tarkkaan valittua potilasjoukkoa, mutta koko potilasryhmän ennustetta muutos ei 

näytä parantavan. Merkittävin munasarjasyöpäpotilaan ennusteeseen vaikuttava 

tekijä on täydellinen kasvaimen poisto, johon tulisi pyrkiä minimoiden leikkaukseen 

liittyvät riskit. 
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ABSTRACT 

Epithelial ovarian cancer is most often diagnosed at advanced stage, when the 

cancer has already spread widely throughout the abdominal cavity. The golden 

standard for treatment includes surgery combined with chemotherapy. Achieving 

complete cytoreduction, defined as no macroscopic residual disease at the end of 

the surgery, remains the most significant prognostic factor for survival.  To achieve 

this goal, the surgical management has in recent decades undergone a substantial 

evolution towards maximal cytoreductive surgery, characterized by significantly more 

extensive intra-abdominal procedures compared to traditional surgical methods. 

The implementation of maximal cytoreductive surgery was introduced in Tampere 

University Hospital, Finland at the beginning of 2016. This study aimed to evaluate 

the effects of implementation of maximal cytoreductive surgery on treatment 

outcomes of surgically treated patients, and also on the entire population with 

advanced epithelial ovarian cancer. 

The first study investigated the impact of a changed surgical protocol on surgical 

outcomes and survival of surgically treated patients. The results showed that the 

implementation of maximal cytoreductive surgery resulted in threefold higher rate of 

complete cytoreduction compared to the era of standard surgery. As a result, both 

progression-free and overall survival of surgically treated patients improved 

significantly. The survival benefit was unquestionable in stage III patients, but did not 

reach statistical significance in stage IV patients. 

The second study compared the complications related to surgical treatment before 

and after the introduction of maximal cytoreductive surgery in our institution. The 

study demonstrated that the total complication rate related to surgical treatment was 

high in both study groups, but maximal cytoreductive surgery was associated with a 

threefold increased risk of complications. However, most of the complications were 

graded as minor, rarely having a significant impact on recovery period after surgery. 

The third study explored the treatment decisions and overall survival of the entire 

patient cohort. The results showed that approximately three out of four patients 

diagnosed with advanced epithelial ovarian cancer were referred to surgical 

treatment and this proportion did not seem to be significantly affected by the change 
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in the surgical paradigm. In addition, the study did not find survival benefit of the 

implementation of extensive surgery when evaluating the entire patient cohort. 

In conclusion, the implementation of maximal cytoreductive surgery in the 

treatment of advanced epithelial ovarian cancer seems to have demonstrable survival 

benefits for carefully selected patients undergoing surgery. However, this change in 

treatment paradigm does not seem to translate into improved outcomes for the entire 

patient cohort. The most critical determinant of survival in advanced epithelial ovarian 

cancer is the complete cytoreduction, which should be pursued while minimizing 

surgical morbidity. 
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1 INTRODUCTION 

Epithelial ovarian cancer (EOC) is associated with the highest mortality of all 

gynecological malignancies. Due to the lack of effective screening methods and non-

specific symptoms, the majority of cases are diagnosed at an advanced stage, 

characterized by extensive intra-abdominal tumor dissemination. (Sundar et al., 

2015) The widespread peritoneal spreading and the biological aggressiveness of the 

disease make the treatment of advanced EOC a considerable challenge in 

gynecological oncology. Despite the often favorable response to primary treatment, 

most patients will eventually relapse, resulting in a 5-year overall survival (OS) rate 

of only 30—45%. (Reid et al., 2017) 

Surgery remains the cornerstone of the treatment in advanced epithelial ovarian 

cancer. Surgical treatment of EOC has undergone a significant evolution from the 

late 19th century, when surgery for ovarian tumors was primarily palliative. As surgical 

techniques and perioperative care improved, debulking surgery, intended to remove 

as much tumor as possible, became the central approach for treatment. Since the 

findings of the extent of residual disease as the most significant prognostic factor, 

and that complete removal of the tumor from the abdominal cavity strongly associates 

with improved survival, more aggressive surgery has been introduced into the 

treatment of advanced ovarian cancer. In recent decades, the surgical management 

has expanded to include extensive surgical procedures, extending well beyond 

standard pelvic surgery, enabling complete tumor resection even in patients with the 

most advanced-stage disease. (Chi et al., 2009; Eisenkop et al., 1998) 

Previous research has demonstrated that more extensive surgery resulting in 

complete cytoreduction can significantly improve survival in patients with advanced 

epithelial ovarian cancer. This evidence is mainly derived from high volume centers 

with substantial surgical expertise and patient cohorts selected with strict criteria, 

including optimal performance and nutritional status. Consequently, the survival 

benefit of maximal cytoreductive surgery outside these controlled settings remains 

less clear. 

The challenge in the treatment of advanced epithelial ovarian cancer is to 

maximize survival outcomes while minimizing the treatment-related morbidity, which 
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requires high-quality cytoreductive surgery aiming at complete tumor resection, 

optimized patient selection for surgical treatment, and carefully arranged 

postoperative care. As these elements may vary considerably, the outcomes reported 

from high-volume institutions may not be directly generalizable into clinical practice 

in a real-world setting. Therefore, there is a need for population-based evidence 

evaluating the effects of implementation of maximal cytoreductive surgery in broader 

clinical practice. 

Extensive cytoreductive surgery was implemented in the surgical treatment 

protocol of advanced ovarian cancer at Tampere University Hospital in 2016. The 

objective of this study was to assess the real-world effects of the implementation of 

extensive cytoreductive surgery on treatment patterns, survival and surgery-related 

morbidity in patients with advanced EOC. 
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2 REVIEW OF THE LITERATURE 

2.1 Ovarian cancer 

2.1.1 Epidemiology 

Epithelial ovarian cancer (EOC) is the 8th most common malignancy among women 

worldwide with the highest mortality rate of all gynecologic cancers. (Sung et al., 

2021; Webb & Jordan, 2024) In year 2022, the estimate of 324 000 new ovarian 

cancer cases were diagnosed globally, and 207 000 women died of the disease. 

(World Cancer Research Fund) The highest incidence and mortality rates are 

reported in India, China and the United States. In Finland, the incidence of new 

diagnoses in the same year was 579 and the number of cancer related deaths 409. 

(Finnish Cancer Registry) 

The average lifetime risk of ovarian cancer (OC) in general population is 

approximately 1%. (The Surveillance, Epidemiology, and End Results (SEER)) The 

incidence rises with age and affects mostly postmenopausal women, with the 

incidence being highest among women between 60—64 years. (Sundar et al., 2015; 

Sung et al., 2021) The recent Finnish study reported the median age of diagnosis of 

65.9 years, recorded from three biggest university hospitals in Finland. (Lahelma et 

al., 2024) Women with genetic predisposition develop the cancer roughly 10 years 

earlier. (Mavaddat et al., 2013) 

2.1.2 Risk factors 

The strongest risk factor for EOC is the first-degree family history of the disease. 

Approximately one fourth of OCs are associated with known hereditary aspects, but 

family history alone is a strong indicator for genetic background even without 

identified mutation. (Pietragalla et al., 2020)  

Most of the hereditary OC cases are associated with germline homologous 

recombination deficiency (HRD), the most important of which are mutations in breast 
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cancer susceptibility (BRCA) genes. (Konstantinopoulos et al., 2015; Pietragalla et 

al., 2020) Women with BRCA1 mutations have the lifetime risk of 40—45%, and with 

BRCA2 mutation 10-30%, of developing ovarian cancer. (Ford et al., 1998) BRCA 

mutation is associated mostly with high-grade serous histological type, in which this 

mutation is associated in approximately in one fourth of the cases. (Manchana et al., 

2019) BRCA mutation carriers have increased lifetime risk of developing breast and 

ovarian cancer, but also pancreatic cancer and melanoma. The identification of 

BRCA mutations is important for OC patients for utilizing targeted therapy in their 

treatment, but also for their potential healthy mutation carrier relatives. All patients 

with high-grade non-mucinous ovarian cancer regardless of stage should be offered 

germline and somatic testing for BRCA mutations and HRD. (Ledermann et al., 2024) 

Lynch syndrome (mutations in mismatch repair genes MLH1, MSH2, MSH6, 

PMS2) is the second most common cause of hereditary ovarian cancer, accounting 

for 10—15% of hereditary EOC. (Reid et al., 2017) Endometrioid carcinoma is the 

most common histology associated with Lynch syndrome. Other genes that have 

been associated with increased risk of EOC, however lower than in BRCA mutations, 

are TP53, CHEK2, BRIP1, PALB2, RAD51D and RAD51C. (Pietragalla et al., 2020) 

Genetic predisposition tends to cause cancer at an earlier age but seems to be 

related with better survival rates compared to those without hereditary background. 

(Prat et al., 2005) 

Endometriosis increases the risk of ovarian cancer, particularly for endometrioid 

and clear cell histological subtypes, and the risk is most pronounced with ovarian 

endometriosis. (Saavalainen et al., 2018) OC associated with endometriosis is more 

likely to be diagnosed at an early stage and have better OS. (Kim et al., 2014) 

Other risk factors for EOC are related to the ovulatory frequency, including 

nulliparity or low parity, early age at menarche and late menopause, suggesting that 

ovulation is involved in the tubal carcinogenesis. (Reid et al., 2017) As contrast, 

multiparity, breastfeeding, the use of oral contraceptive pills, tubal ligation and 

salpingectomy have been shown to decrease the EOC risk through the anovulation 

and diminished exposure to inflammatory and potential carcinogenetic effects. (La 

Vecchia, 2017) 
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Table 1.  Risk and protective factors for epithelial ovarian cancer. 

Risk factors Protective factors 

Genetic predisposition  Multiparity 

  Homologous recombination deficiency  Breastfeeding 

  Lynch syndrome The use of contraceptive pills 

Endometriosis Tubal ligation 

Nulliparity Salpingectomy 

Early menarche  

Late age at menopause  

2.1.3 Histological subtypes 

Ovarian cancer comprises a heterogenous group of malignancies with different risk 

factors, precursor lesions, biological behavior, response to treatment and overall 

prognosis. Ovarian cancer is classified into three main histological categories: 

epithelial, germ cell, and sex cord-stromal tumors. Epithelial carcinomas are the most 

common type, accounting for over 90% of ovarian cancers. (Peres et al., 2019) EOCs 

are further classified into five main histological subtypes: high-grade serous 70%, 

endometrioid 10%, clear-cell 10%, low-grade serous < 5% and mucinous carcinomas 

< 5% (Figure 1.). (Prat, 2012) Other rare histological entities include mesonephric-

like carcinoma, mixed-cell tumor, malignant Brenner tumor, carcinosarcoma and 

undifferentiated carcinoma. (Herrington & Board, 2020) The present thesis focuses 

on epithelial ovarian carcinomas, with a primary emphasis on high-grade serous 

carcinoma (HGSC) due to its high prevalence, aggressive nature and the significant 

impact on the overall burden of ovarian cancer. 

The majority of HGSCs are believed to originate from the distal epithelium of the 

fallopian tube. The current theory of the evolution of the HGSC supports the serous 

tubal intraepithelial carcinoma lesions as a precursor of cancer. (Kindelberger et al., 

2007; Soong et al., 2019) The dissemination of cancer cells from the distal tubal 

lesions to the ovarian and peritoneal surfaces is proposed to explain the majority of 

HGSC cases. As a result, HGSC involving the fallopian tube, ovary and peritoneum 

is considered as the same disease entity. 

Endometrioid and clear cell ovarian cancer are strongly associated with 

endometriosis, with endometriotic lesions found in over half of the cases. 

(McCluggage, 2020) These histological types share molecular similarities to their 

uterine counterpart cancers and may be linked with mismatch repair deficiencies and 

Lynch syndrome. (Stewart et al., 2017) 
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Low-grade serous carcinoma (LGSC) originates from pre-existing benign serous 

ovarian tumors or serous borderline tumors, and it has been proposed that the early 

precursor of these lesions may also arise from fallopian tube. (Silva et al., 2022; Vang 

et al., 2013) In contrast to HGSC, LGSC represents a distinct entity with different 

pathogenesis, hereditary associations, mutations, disease behavior and prognosis. 

Therefore, LGSC and HGSC do not represent different grades of the same cancer. 

Mucinous ovarian carcinoma is a rare entity, and often mucinous tumors found in 

ovary represent metastases from primary gastrointestinal malignancies. Unlike other 

ovarian cancer histologies, mucinous ovarian cancers do not share common risk 

factors such as nulliparity and BRCA mutations, with smoking being the only 

proposed risk factor. They are more frequently diagnosed at early stages and in 

younger women compared to other OC histologies. (Babaier & Ghatage, 2020) 

 

 

Figure 1.  Histological subtypes of epithelial ovarian cancer. 

2.1.4 Diagnostics 

The symptoms of ovarian cancer are typically nonspecific and consist of complaints 

that are highly prevalent in the general female population. These include pain in the 

abdomen or pelvis, bloating, weight loss, loss of appetite, changes in bowel function 

and fatigue. (Bankhead et al., 2005) Diagnosis is frequently delayed until the onset 

of more severe symptoms, like ascites, pleural effusion or bowel obstruction occur. 

These symptoms typically present months before the diagnosis. Due to this up to 

80% of EOC diagnosis are made in an advanced stage. (Sundar et al., 2015). 

High-grade serous 70%

Endometrioid 10%

Clear-cell 10%

Low-grade serous 5%

Mucinous 5%
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The initial suspicion of ovarian cancer often arises during a consultation with a 

gynecologist but may also be suspected by other medical specialists. This may arise 

in settings such as the emergency department or during evaluation by a 

pulmonologist, particularly when patients present with acute abdominal symptoms, 

such as ascites or bowel obstruction, or pulmonary symptoms, such as pleural 

effusion or dyspnea. 

Transvaginal pelvic ultrasound is the primary initial investigation tool to visualize 

any adnexal pathology. (Timmerman et al., 2008) Further imaging in the suspicion of 

advanced ovarian cancer should include whole body computed tomography (CT) for 

its role in determining the extent of the disease and treatment planning. (Lheureux et 

al., 2019) 

Serum biomarkers are used in diagnostics of EOC, with CA12-5 (cancer antigen 

125) being the most widely utilized. Elevated levels, defined as values above 35 U/ml, 

have been observed in 50% of early-stage EOCs and 90% of advanced stages. 

(Fritsche & Bast, 1998) However, its diagnostic utility is limited by a high rate of false-

positive results, as CA12-5 levels may also be elevated in benign conditions as 

endometriosis, menstruation, and any cases causing irritation of the peritoneum or 

pleura. (Jacobs & Bast, 1989) Preoperative CA12-5 levels correlate strongly with 

tumor burden, and a significant decline in CA12-5 levels following chemotherapy has 

been shown to have prognostic significance. (Prat et al., 2008) 

HE4 (human epididymis protein 4) is another biomarker overexpressed in ovarian 

cancer, but not in the normal ovarian epithelium. HE4 is expressed in 100% of 

endometrioid adenocarcinomas, 93% of serous adenocarcinomas and 50% of clear 

cell carcinomas. (Drapkin et al., 2005) Compared to CA12-5, HE4 demonstrates 

superiority in distinguishing malignant from benign pelvic masses. The combined use 

of these markers has been shown to improve diagnostic accuracy, with better 

specificity and sensitivity for differentiating malignant from benign processes than 

either biomarker alone. (Moore et al., 2008) 

Additional serum tumor markers can be utilized in differential diagnostics between 

epithelial and non-epithelial ovarian tumors and extra-adnexal tumor origins. These 

markers include inhibin-B, alpha fetoprotein, human chorionic gonadotropin, lactate 

dehydrogenase, anti-Mullerian hormone, carcinoembryonic antigen, carbohydrate 

antigen 19-9, estradiol and testosterone. (Querleu et al., 2017) 
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2.1.5 Screening and prevention 

To date, no effective strategies for early detection of OC that could reduce the 

mortality have been established. Annual screening of asymptomatic women, 

including pelvic examination, transvaginal ultrasound and serum CA12-5 

measurement, has been shown to be ineffective in detecting early-stage ovarian 

cancer or reducing mortality in both high-risk and general population cohorts. (Buys 

et al., 2011; Menon et al., 2021; Woodward et al., 2007) Given the low prevalence of 

OC and the lack of effective screening methods, routine screening of asymptomatic 

women is not currently recommended, as it may lead to high rate of false-positive 

results and increased risk of unnecessary interventions. (Berek et al., 2021; 

Ledermann et al., 2024) 

The only effective method to significantly reduce the risk of EOC is risk-reducing 

salpingo-oophorectomy (RRSO), which is recommended only for women at high 

genetic risk for developing EOC. Current guidelines suggest performing RRSO at age 

35—40 for women with BRCA1 mutation, at age 40—45 for those with BRCA2 

mutation or Lynch syndrome, and at age 45—50 for women carrying RAD51C, 

RAD51D or BRIP1 mutations. (Daly et al., 2021; Liu et al., 2021) Additionally, 

salpingectomy may be considered as an opportunistic preventive measure in women 

without genetic risk if hysterectomy for other medical indications is performed, as it 

halves the risk of ovarian cancer in the general population. (Chohan & Richardson, 

2019; Yoon et al., 2016) 

2.1.6 Stage of the disease 

The extent of the disease dissemination in gynecological cancers is described 

according to the International Federation of Gynecology and Obstetrics (FIGO) 

staging system. (Berek et al., 2021) EOC commonly spreads along the peritoneal 

cavity, when tumor cells shed from the primary tumor, are transported by the 

peritoneal fluid and implanted onto the peritoneal surface of the whole peritoneal 

cavity in pelvis and abdomen. (Weidle et al., 2016) Peritoneal metastases have been 

found in nearly 80% of the EOC patients. Cancer cells can also spread through 

hematogenous or lymphogenous way. (Gasparri, Savone, et al., 2016)  

The lymphatic drainage from ovaries and fallopian tubes goes through 

infundibulopelvic and round ligament to external iliac, common iliac, hypogastric, 

para-aortic and occasionally to inguinal lymph nodes. Para-aortic lymph nodes 

represent the most frequent location for lymph node metastasis, with reported 
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involvement in up to 87% of the patients. (Fournier et al., 2009; Tsuruchi et al., 1993) 

Positive cardiophrenic lymph nodes, consisting of lymph nodes locating on 

mediastinum, cardiac base, diaphragm and chest wall, have been identified in up to 

62% of patients in advanced EOC. (Prader et al., 2019)  

The liver represents the most frequent organ site of metastasis. (Deng et al., 2018) 

Extra-abdominal dissemination to bone, lung or brain is rare but when present, is 

associated with the poorest survival. (Zhao et al., 2020) 

In OC, stage I indicates that cancer is confined to the ovaries or fallopian tubes. 

Tumor rupture or tumor involvement on the surface is considered as IC.  In stage II, 

the disease involves also pelvic organs or peritoneum below the pelvic brim. Stage 

III includes tumor spread to the peritoneum outside the pelvis, including omentum, 

surfaces of the small bowel and colon, mesentery, diaphragm, peritoneal surfaces of 

the liver and spleen, and/or metastasis to the retroperitoneal lymph nodes. Stage IV 

refers to a disease with distant metastasis. (Berek et al., 2021; Mutch & Prat, 2014) 
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Table 2.  FIGO staging of ovarian cancer.  

Stage  Definition  

I Tumor confined to ovaries or fallopian tube(s) 

IA Tumor limited to one ovary (capsule intact) or fallopian tube 

No tumor on ovarian or fallopian tube surface  

No malignant cells in the ascites or peritoneal washings 

IB Tumor limited to both ovaries (capsules intact) or fallopian tubes 

No tumor on ovarian or fallopian tube surface 
No malignant cells in the ascites or peritoneal washings 

IC Tumor limited to one or both ovaries or fallopian tubes, with any of the 
following: 
 IC1 Surgical spill intraoperatively 
 IC2 Capsule ruptured before surgery or tumor on ovarian or fallopian tube 
surface 
 IC3 Malignant cells present in the ascites or peritoneal washings 

  

II Tumor involves one or both ovaries or fallopian tubes with pelvic extension 

(below pelvic brim) or peritoneal cancer 

IIA Extension and/or implants on the uterus and/or fallopian tubes/and/or ovaries 

IIB Extension to other pelvic intraperitoneal tissues 

  

III Tumor involves one or both ovaries, or fallopian tubes, or primary peritoneal 

cancer, with cytologically or histologically confirmed spread to the peritoneum 
outside the pelvis  

And/or metastasis to the retroperitoneal lymph nodes 

IIIA Metastasis to the retroperitoneal lymph nodes with or without microscopic 
peritoneal involvement beyond the pelvis 

   IIIA1 Positive retroperitoneal lymph nodes only (cytologically or histologically 
proven) 

 IIIA1(i) Metastasis ≤ 10 mm in greatest dimension 

 IIIA1(ii) Metastasis > 10 mm in greatest dimension 

   IIIA2 Microscopic extrapelvic (above the pelvic brim) peritoneal involvement with or 

without positive retroperitoneal lymph nodes 

IIIB Macroscopic peritoneal metastases beyond the pelvic brim ≤ 2 cm in greatest 
dimension, with or without metastasis to the retroperitoneal lymph nodes 

IIIC Macroscopic peritoneal metastases beyond the pelvic brim > 2 cm in greatest 
dimension, with or without metastases to the retroperitoneal nodes 

Includes extension of tumor to capsule of liver and spleen without 
parenchymal involvement of either organ 

IV Distant metastasis excluding peritoneal metastases 

IVA Pleural effusion with positive cytology 

IVB Metastases to extra-abdominal organs (including inguinal lymph nodes and 

lymph nodes outside of abdominal cavity) 

Parenchymal metastases 

FIGO, International Federation of Gynecology and Obstetrics 
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2.1.7 Surgical treatment 

Surgical treatment in early stages of EOC, including stages I and II, consists of 

complete resection of tumor and adequate staging, which is essential in early stages 

for determining adjuvant treatment and prognosis of the disease. Surgery includes 

midline laparotomy as primary approach, careful inspection and palpation of the 

entire abdominal cavity, peritoneal washings taken before tumor manipulation, 

hysterectomy, bilateral salpingo-oophorectomy, infracolic omentectomy, 

appendicectomy in cases with mucinous histology or if appendix appears abnormal, 

and resection of any suspicious lesions. (Berek et al., 2021; Querleu et al., 2017) In 

addition, bilateral pelvic and para-aortic lymphadenectomy up to the level of left renal 

vein are recommended in all epithelial histologies except for low-grade endometrioid 

and expansile mucinous carcinoma. A fresh-frozen tumor tissue sample is collected 

to determine the diagnosis and detect somatic BRCA mutation or homologous 

recombination deficiency. As an alternative approach to laparotomy, minimally 

invasive surgery, including conventional laparoscopy and robotic surgery, can be 

utilized for restaging procedures and are potentially applicable in the management of 

stage I disease. (Querleu et al., 2017)  

Young women with desire for fertility preservation can be treated with unilateral 

salpingo-oophorectomy and uterine preservation in cases of stage IA or IC1 and low-

grade serous endometrioid or expansile mucinous carcinoma. (Querleu et al., 2017)  

The standard treatment in advanced EOC, including stages III and IV, is surgery 

aiming for resection of all visible tumor from the abdominal cavity, followed by 

platinum-based chemotherapy. This is recommended by organizations as the 

European Society of Medical Oncology, European Society of Gynaecological 

Oncology (ESGO), British Gynaecological Cancer Society and National 

Comprehensive Cancer Network. (Colombo et al., 2019; González-Martín et al., 

2023; Moss et al., 2024; NCCN Clinical Practice Guidelines in Oncology) 

2.2 Surgical treatment of advanced epithelial ovarian cancer 

Ovarian cancer debulking surgery is considered to be introduced in 1934 by 

gynecologic surgeon Meigs (Meigs, 1934), and later in 1975 shown that survival was 

correlated with the residual tumor by Griffiths, who concluded that “surgical bulk 

resection is of little value unless all or nearly all gross tumor is excised.” (Griffiths CT, 

1975) Since then, it has been shown in numerous studies that achieving complete 
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resection of tumor from the abdominal cavity compared to any residual tumor results 

in highest survival rates in advanced EOC. (Bois et al., 2009; Bristow et al., 2002; 

Chang et al., 2013; Eisenkop et al., 1998; Wimberger et al., 2010) 

The outcome of the surgical treatment is presented by the amount of the residual 

tumor left in the abdominal cavity at the end of the surgery. The definition of optimal 

outcome of cytoreductive surgery has evolved over time. Three decades ago, it was 

defined as residual tumor ≤ 2 cm in maximal diameter (Piver & Baker, 1986) and in 

the 1990s determined as residual tumor < 1 cm by The Gynaecologic Oncology 

Group (GOG) (Hoskins et al., 1994) Few years later, the “optimal” surgical outcome 

was updated to as no macroscopically visible residual tumor, which is now referred 

as complete cytoreduction or R0 (residual disease 0 cm). (Colombo et al., 2019) 

Currently, the optimal cytoreduction is defined as amount of residual tumor up to 1cm 

in maximal diameter. All amounts of residual tumor over 1 cm are considered as 

suboptimal cytoreduction. (Bois et al., 2009) 

Reaching the goal of complete removal of the tumor is dependent of the tumor 

spread in the abdominal cavity, the skills of the surgeon and the characteristics of the 

patient to tolerate the side effects of the treatment. Also, complete cytoreduction is 

more often achieved when surgery is performed in collaboration with surgeons from 

the other surgical fields. (Mulligan et al., 2024) It has been presented that the 

cytoreduction outcome has a more significant impact on survival than the extent of 

metastases detected before surgery. (Eisenkop & Spirtos, 2001a) Due to the survival 

outcomes, surgical treatment should only be planned if complete, or optimal 

cytoreduction in some cases, seems achievable. (Querleu et al., 2017) 

The term “ultra-radical surgery” has been previously used to describe the extent 

of surgical intervention in advanced EOC, aiming for complete tumor removal and 

involving more complex procedures, such as multi-organ resections, compared to 

standard surgery. However, this term lacks a standardized definition and has been 

debated due to concerns that it may suggest an overly aggressive approach without 

individual consideration of patient factors and risks related to surgery. Therefore, 

alternative terms “extensive cytoreductive surgery,” “maximal surgical 

effort” and “maximal effort cytoreductive surgery” have been introduced to more 

accurately characterize the surgical approach in advanced EOC. 

The terms “debulking surgery” and “cytoreductive surgery” have been used 

synonymously in the literature considering surgical treatment of advanced ovarian 

cancer. “Debulking surgery” is currently thought to refer to the reduction of the tumor 

mass without the intention of complete removal. On the contrary, “cytoreductive 

surgery” refers to aiming of the complete cytoreduction of the tumor. Although the 
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word “debulking” has been suggested to be avoided, it is still widely used as a part 

of terms “PDS” and “IDS”, yet the goal of these approaches is the complete 

cytoreduction.  (Garg et al., 2021) 

The assessment of surgical outcome is subjective, usually determined by single 

surgeon, and dependent of the extent of the surgical exploration. (Lakhman et al., 

2012) In addition, the estimation of tumour spread, and surgical outcome can be 

challenging especially after neoadjuvant chemotherapy (NACT), when microscopic 

carcinosis areas can have a benign appearance, leading to incomplete cytoreduction 

during ICS. (Hynninen et al., 2013) These factors can act as a potential bias in studies 

evaluating surgical treatment in advanced EOC. 

2.2.1 Preoperative evaluation 

Extensive cytoreductive surgery necessitates a strict selection process of patients to 

identify potential candidates for surgical intervention. Comprehensive preoperative 

evaluation is essential when choosing the potential candidates for surgical treatment 

and assessing the most appropriate treatment strategy for each patient. The potential 

benefits and risks of cytoreductive surgery must be carefully weighed against the 

likelihood of achieving the goal of complete tumor resection. 

2.2.1.1 Preoperative imaging 

Preoperative imaging has the most significant role in evaluating the resectability of 

the tumor by identifying factors that may prevent complete cytoreduction and thus 

exclude surgical treatment. To date, there remains no specific models to predict the 

success of surgical treatment, thus careful individual assessment is required for each 

patient. 

Whole body CT scanning is the standard imaging modality in the clinical setting 

for patients with suspected ovarian malignancy. It is performed for rapid evaluation 

of the extent of the tumor involvement in pelvic, abdominal and thoracic regions. The 

most common findings in preoperative CT scan in advanced EOC are peritoneal 

carcinosis, ascites, pleural effusion and tumor involvement in diaphragm, lungs, liver, 

lymph nodes and the bowel mesentery. (Hu et al., 2018) CT is accurate in predicting 

bulky disease, parenchymal metastases and diaphragm and omental involvement, 

which highly predict the high tumor volume in the abdomen. (Glaser et al., 2013) 
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Nevertheless, the role of CT scanning in predicting small tumor involvement and 

complete cytoreduction is limited. (Engbersen et al., 2021) On the contrary, 

preoperative CT imaging factors that have been identified as predictors of suboptimal 

cytoreduction include large-volume ascites, carcinomatosis of the transverse colon, 

supradiaphragmatic and retroperitoneal lymph nodes above the renal hilum > 1 cm, 

diffuse small bowel adhesions or > 1 cm lesions in the small bowel mesentery, in the 

root of the superior mesenteric artery, lesser sac or perisplenic area. (Egger et al., 

2022; Suidan et al., 2014) 

Functional magnetic resonance imaging (MRI), for example diffusion-weighted 

MRI, has demonstrated superior sensitivity compared to CT in detecting small 

peritoneal metastases and predicting incomplete cytoreduction, with an overall 

accuracy of 95% for predicting incomplete cytoreduction. (Engbersen et al., 2021; 

Michielsen et al., 2017) However, the higher costs and poorer availability of MRI still 

limits the utilization of this method. In clinical practice, the upper abdominal MRI is 

often utilized only when liver metastases are detected and surgical treatment of these 

is planned. (Wang et al., 2019) 

Positron emission tomography (PET) CT has demonstrated superior accuracy in 

detecting extra-abdominal disease spread compared to conventional CT imaging. 

(Hynninen et al., 2013) On the contrary, its sensitivity in identifying intraperitoneal 

metastases has not been shown to exceed that of standard CT. (Hynninen et al., 

2013; Khiewvan et al., 2017) 

A major limiting factor in achieving complete cytoreductive surgery is the extensive 

carcinosis dissemination in the intestine, and accurate preoperative predicting of 

bowel involvement is critical in evaluating the feasibility of surgery. CT together with 

MRI and barium contrast radiography have demonstrated the highest efficacy in 

detecting intestinal invasion, however, there are still patients whose bowel 

involvement remains undetected on any method and additional diagnostic tools to 

assess the intestinal invasion are still highly needed. (Takeda et al., 2020) 

If peritoneal or ovarian involvement due the gastrointestinal cancer is suspected 

in preoperative imaging, laboratory tests, colonoscopy or gastroscopy must be 

considered before surgery. (Querleu et al., 2017) 

2.2.1.2 Diagnostic laparoscopy 

Diagnostic laparoscopy may be selectively used to evaluate the extent of disease 

when there is a doubt of tumor operability based on imaging methods. (Ledermann 
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et al., 2024) It is also utilized to obtain histological diagnosis in cases when adequate 

tissue sampling is not otherwise feasible.  

Laparoscopy-based scoring system by Fagotti et al has been introduced to predict 

the candidates for cytoreductive surgery (Fagotti et al., 2006). This scoring system 

includes assessment of ovarian masses, omental carcinosis, peritoneal carcinosis, 

diaphragmatic carcinosis, mesenteric retraction, bowel infiltration, stomach infiltration 

and liver metastases. Currently, diagnostic laparoscopy is recommended in cases 

where imaging studies are inconclusive or assessment of tumor burden is necessary, 

serving as a tool to avoid unnecessary laparotomies. (Koirala et al., 2020; Ledermann 

et al., 2024) 

2.2.1.3 Patient age 

Despite the development of multiple scoring systems to evaluate the possible 

candidates for primary cytoreductive surgery, none has yet been universally validated 

or recommended for routine clinical use. (Ledermann et al., 2024) As a result, no 

single method for selecting patients exists and rather multiple factors must be 

considered together when assessing the suitability for cytoreductive surgery. The 

commonly used criteria for primary cytoreductive surgery in clinical practice are 

patient’s age under 75 years, serum albumin level over 35 g/l and American Society 

of Anesthesiologists (ASA) score under 3. (Aletti, Santillan, et al., 2007) 

The age of the patient in treatment decision-making process remains a subject of 

debate and whether it impacts the surgical outcomes and survival. Patients over 65 

years have often been underrepresented in clinical trials, which limits the availability 

of evidence-based guidelines to inform optimal management for these patients. 

The risk of treatment-related morbidity increases with increasing age. Women 

over 70 years have been shown to have significantly increased risk for postoperative 

mortality and morbidity, including both surgical and non-surgical complications. (Di 

Donato et al., 2021; Mahdi et al., 2015) Furthermore, women over 80 years have 

been reported to have ninefold increased risk for death and to experience 70% higher 

rate of complications within 30 days after surgery compared to younger patients. 

(Mahdi et al., 2015) Elderly patients are also less likely to receive optimal treatment, 

including complete cytoreductive surgery and platinum-based chemotherapy, as they 

are often deemed less tolerant to guideline-based treatment approach. (Moore et al., 

2008; Trillsch et al., 2013) 

Treatment decisions are recommended to be individualized based on functional 

status and biological rather than chronological age. A comprehensive geriatric 
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assessment, consisting of evaluation of patient functional, nutritional and cognitive 

status, comorbidities, medications and social support is recommended for patients 

over 70 years, or for those of any age with at least two significant comorbidities. 

(Ledermann et al., 2024) This is crucial in differentiating elderly patients who may not 

tolerate surgical treatment from those who would benefit from surgical intervention. 

2.2.1.4 Functional and nutritional status 

The performance status of the patient plays a major role when choosing the 

appropriate patients to undergo surgical treatment. ASA physical status classification 

is the most utilized method for evaluating preoperative physical condition. (Mayhew 

et al., 2019) The ASA score demonstrates predictive value for surgery-related 

complications, mortality and length of stay, as patients with higher ASA score are 

more prone to postoperative morbidity and mortality. (Mahdi et al., 2015)  

Eastern Cooperative Oncology Group (ECOG) performance status is scale from 

0 to 5 used to estimate the performance status of the cancer patient. Patients with 

ECOG status 0-1 are commonly considered as potential candidates for primary 

surgery, as ECOG > 1 is associated with increased risk for postoperative 

complications. (Inci et al., 2021) 

Malnutrition is a frequent finding in ovarian cancer, affecting up to 75% of patients 

with advanced disease. (Larson et al., 1989) Malnutrition may be a result from 

catabolic effects of the tumor as well as obstruction of the gastrointestinal tract 

resulting in abdominal pain and reduced food and nutritional intake. Patients with 

malnutrition are more prone to postoperative complications and decreased survival. 

(Nasser et al., 2024) 

Serum albumin level has been used as an indicator for patient’s nutritional status. 

(Keller, 2019) Hypoalbuminemia, defined by serum albumin level below ≤ 35 g/l, has 

been shown to associate with severe postoperative complications as well as poorer 

OS with increased 30-day morbidity and mortality, even after adjusting for post-

operative residual disease. (Ataseven et al., 2015; Mahdi et al., 2015) Low serum 

albumin level is also a risk factor for anastomotic leakage after bowel resection, 

longer hospital stay and surgical site infections. (Kudsk et al., 2003; Valenti et al., 

2022) 

The ESGO guidelines for perioperative management in ovarian cancer surgery 

recommend that hypoalbuminemia should not be used alone for patient selection but 

can act as a guidance for preoperative nutritional assessment. (Fotopoulou et al., 

2021) Patients with malnutrition and low preoperative albumin levels are 
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recommended to start nutritional support, including carbohydrate and protein 

supplement, few weeks prior to surgery. Intravenous correction of hypoalbuminemia 

is not recommended. Surgical treatment is recommended to delay in patients with 

severe risk of malnutrition until the situation has been corrected. (Weimann et al., 

2006) 

Obesity is associated with higher risk of postoperative morbidity, specifically 

wound and infectious complications, but does not seem to relate to operative time, 

length of hospital stay, reoperations, readmission to hospital or 30-day mortality. (Cai 

et al., 2022; Di Donato et al., 2021) Postoperative morbidity has been reported to be 

lowest among patients with body mass index (BMI) around 30 kg/m2. In addition, 

overweight, obesity or morbid obesity have not been associated with amount of 

residual tumor after surgery or survival of the disease. (Kumar et al., 2014) 

2.2.1.5 Multidisciplinary decision-making 

Multidisciplinary team (MDT) meeting is the golden standard in cancer care. (Bärlund 

& Kellokumpu-Lehtinen, 2023) The MDT consists of collaborative group of 

professionals from different specialties ensuring that all aspects of diagnostic work-

up and treatment modalities are considered in the decision-making process. 

The MDT approach is recognized as the best approach in treatment planning also 

for ovarian cancer patients. (Burton et al., 2011) ESGO recommends that decisions 

for all major therapeutic interventions are discussed in MDT meetings. (Fotopoulou 

et al., 2020) This team should include certified gynecologic surgical specialist, 

radiologist, pathologist and physician responsible for chemotherapy treatment 

(gynecologic oncologist or medical oncologist depending on the local practice). It is 

also recommended for all EOC patients to be reviewed postoperatively in MDT 

meeting. 

2.2.2 Timing of surgery 

The current standard of care for surgical treatment in advanced EOC is primary 

cytoreductive surgery (PCS), or previously referred to in the literature as primary 

debulking surgery (PDS). (Gaillard et al., 2025; González-Martín et al., 2023; 

Ledermann et al., 2024) In this approach, the surgical intervention is the initial step 

in the treatment following diagnosis. 
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According to the current guidelines by ESGO, PCS is the recommended choice 

for surgical approach when complete cytoreduction seems feasible with acceptable 

morbidity, considering the health status of the patient is sufficient. (Fotopoulou et al., 

2020; Querleu et al., 2017) Also, PCS is recommended as a primary approach in less 

chemosensitive histological subtypes, including LGSC and mucinous carcinoma, in 

which PCS with even optimal cytoreduction is preferrable. (Colombo et al., 2019; 

Grabowski et al., 2016) 

Interval cytoreductive surgery (ICS), or interval debulking surgery (IDS), defined 

as cytoreductive surgery after 3—4 cycles of platinum-based NACT, has been 

proposed as an alternative for PCS. As more complex surgery is needed to achieve 

the maximal cytoreduction, preoperative chemotherapy aims to reduce the disease 

burden, based on high sensitivity of EOC to platinum-based treatment. This could 

more often lead to achievement of complete cytoreduction rate and reduce the 

morbidity and mortality related to complex surgery. (Gaillard et al., 2025) 

According to the current guidelines, the treatment of advanced EOC should start 

with NACT followed by potential ICS in patients for whom complete tumor reduction 

in PCS seems unlikely, including those with parenchymal liver and lung metastases, 

those in high risk for perioperative complications or whose medical condition or 

nutritional status may not allow primary surgical treatment. Prior to initiating NACT, 

histological confirmation of the OC diagnosis is recommended. (Berek et al., 2021; 

Gaillard et al., 2025; Ghirardi et al., 2020; Ledermann et al., 2024) 

After the completion of NACT, ICS may be considered for patients with complete 

or partial response or at least stable disease on CT imaging after three to four cycles 

to platinum-based chemotherapy, provided that complete cytoreduction seems 

feasible upon preoperative evaluation. (Ledermann et al., 2024) Over 40% of patients 

with stable disease have reported to achieve complete cytoreduction and should 

therefore not be excluded from surgical intervention. (Morgan et al., 2021) In cases 

with extra-abdominal metastasis, these should demonstrate complete response to 

chemotherapy or be amenable to complete resection in ICS. (Gaillard et al., 2025) 

Patients experiencing disease progression during NACT should not be operated with 

cytoreductive intentions, unless palliative surgery is needed. (Querleu et al., 2017) 

Alternative treatment options include modification of the chemotherapy regimen, 

enrollment in clinical trials or cessation of cancer-specific therapy. (Gaillard et al., 

2025) 

The KELIM score (CA12-5 elimination constant K) has been recently introduced 

as an early marker of tumor chemosensitivity in EOC patients treated with 

neoadjuvant chemotherapy and can be used to predict the likelihood of complete 
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cytoreduction in ICS. (Ledermann et al., 2024) In the randomized CHIVA trial, KELIM 

score calculated using longitudinal CA12-5 over the first 100 days of neoadjuvant 

chemotherapy demonstrated to predict the likelihood of complete interval surgery 

after NACT, as unfavorable KELIM is more likely to result in high tumor burden and 

high complexity of the surgical treatment. (Bouvarel et al., 2024; You et al., 2020)  

Over the past decades, several randomized controlled trials (RCT), including 

EORTC 5597, CHORUS and SCORPION, have been conducted to explore whether 

PCS or ICS is the superior option in advanced EOC. (Fagotti et al., 2020; Kehoe et 

al., 2015; Vergote et al., 2010) These trials have not demonstrated significant survival 

differences between these two surgical approaches. Regarding surgery-related 

morbidity, ICS has been associated with notably lower complication rates, reducing 

perioperative complications and mortality by 70%—80% compared to primary 

surgery. (Machida et al., 2019) 

However, the previous RCTs have been criticized for the strict inclusion criteria 

and low rates of complete cytoreduction, indicating that there remains debate about 

the role of ICS. To further investigate the controversy, randomized TRUST (Trial of 

Radical Upfront Surgical Therapy in advanced ovarian cancer (ENGOT ov33/AGO-

OVAR OP7)) trial was initiated in 2016 and final results were published in 2025. 

(Mahner et al., 2025; Reuss et al., 2019) In this trial, PCS was not associated with 

significant OS benefit compared to NACT-ICS, but showed PFS benefit, supporting 

PCS as a standard of care. 

2.2.3 Surgical procedures 

Standard surgery in advanced ovarian cancer consists of minimum of total 

hysterectomy, bilateral salpingo-oophorectomy, omentectomy, removal of enlarged 

lymph nodes and localized bowel resection by midline laparotomy. (National Institute 

for Health and Care Excellence, 2023) 

Extensive surgery is defined by extension of standard surgery, with inclusion of 

extensive stripping of the peritoneum, diaphragmatic resection, multiple bowel 

resections, liver, gastric and pancreatic resections as well as splenectomy and 

cholecystectomy, and these procedures are estimated to be needed in up to 70% of 

cases. (Filippova et al., 2024; National Institute for Health and Care Excellence, 2023) 

Surgery in advanced EOC starts with the comprehensive exploration of the 

abdominal cavity, which is essential step in evaluating the achievement of complete 

cytoreduction. All anatomical areas including retroperitoneal pelvic and paraaortic 
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lymph nodes, diaphragmatic peritoneum, lesser sac, lesser omentum, bursa 

omentalis, liver, hepatic bridge, gallbladder, retrohepatic region down to inferior vena 

cava and up to gastro-esophageal junction, porta hepatis, hepatoduodenal ligament, 

celiac trunk, celiac lymph nodes, hepatogastric ligament and mesentery of small 

intestine and colon must be evaluated. Areas that are easily neglected during 

cytoreductive surgery include the omental bursa, Morison’s pouch, the base of the 

round ligament of the liver and hepatic bridge, the esophageal hiatus, the splenic 

hilum and suprarenal, retrocrural, cardiophrenic and inguinal lymph nodes. (Kostov 

et al., 2024; Raspagliesi et al., 2013)  

During surgery, a fresh-frozen tumor sample is collected for BRCA and HRD 

analysis, as this provides superior DNA quality and sequencing reliability compared 

with formalin-fixed paraffin-embedded samples. (Marchetti et al., 2020) The same 

sample is also used for intraoperative histological assessment to confirm the tumor 

type and origin, which is particularly important when the gynecological nature of the 

malignancy is uncertain. (Medeiros et al., 2005) 

According to ESGO guidelines for ovarian cancer surgery, the criteria against 

cytoreductive surgery are diffuse carcinosis of the small bowel resulting in short bowel 

syndrome with remaining length of small bowel < 1.5 meters, tumor involvement in 

the base of mesentery, the head or middle part of pancreas, truncus coeliacus, left 

gastric artery or hepatic arteries, as these commonly prevent the complete 

cytoreduction. (Querleu et al., 2017)  

Complete removal of the tumor from the pelvis often requires en bloc resection of 

the pelvic structures, including pelvic peritonectomy with total hysterectomy, bilateral 

salpingo-oophorectomy and rectosigmoid resection, due to it is often affected by the 

primary tumor. Pouch of Douglas obliterated with carcinosis is a common finding in 

advanced EOC, but rarely prevents the achievement of complete cytoreduction. 

(Eisenkop & Spirtos, 2001b) Following the comprehensive exploration of the 

abdominal cavity, the operation is only continued if complete, or in some cases at 

least optimal cytoreduction, seems achievable. 

2.2.3.1 Bowel procedures 

Tumor infiltration to the bowel due to direct extension or serosal implantation is 

commonly observed in advanced EOC. The involvement of the tumor often extends 

multifocal areas of the bowel and the mesentery, making the bowel resection a critical 

component of the cytoreductive surgery. Bowel resections are needed approximately 

in two-thirds of primary surgeries and in one-third of interval operations to achieve 
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complete tumor removal. (Filippova et al., 2024; Giorda et al., 2014) The need for 

bowel resections has been associated with more aggressive disease biology and 

considered as an indicator for poorer prognosis of the disease. (McNamara et al., 

2021) 

The rectosigmoid colon is the most frequently involved portion of the bowel. Low 

anterior resection with primary anastomosis is the gold standard for cases with tumor 

involvement in the rectosigmoid colon. (Kim et al., 2011) Commonly, the removal of 

the rectosigmoid tumor is performed by en bloc tumor resection including adnexa, 

uterus, rectum and pelvic peritoneum. Prophylactic ileostomy after low anterior 

resection is recommended for patients with malnutrition (preoperative albumin < 

30 g/L), prior pelvic radiation, long surgical time, anastomosis < 6 cm from anal verge, 

failed leak test or tension on the anastomosis. (Kalogera et al., 2017; Kim et al., 2011) 

To evaluate the integrity of the anastomosis, air leak test or indocyanine green 

fluorescence angiography can be utilized. (Kryzauskas et al., 2022) 

Hartmann’s procedure, consisting of resection of the rectosigmoid colon, proximal 

end colostomy and closure of the rectal stump, is considered the alternative option 

for patients who require very low rectal anastomosis, or who are at increased risk for 

leakage due to reduced blood supply or tension at the anastomotic site. (Kim et al., 

2011) In most patients, this leads to permanent stoma formation. The reported 

incidence of stoma formation in OC surgery ranges from 9% to 50%, with only a 

modestly lower frequency in IDS compared to PDS. (Baldewpersad Tewarie et al., 

2021; Hall et al., 2019; Lago et al., 2019) 

In the majority of cases, the colon is involved by the tumor in multiple areas. 

(Bacalbasa et al., 2020) If the tumor involves ileocecum, right hemicolectomy may be 

necessary. Massive omental disease involving the transverse colon may require 

transverse colectomy. (Son & Chang, 2021) In the most advanced cases, extended 

procedures as multiple bowel resections or subtotal colectomy may be needed. 

(Grimm et al., 2017; Jochum et al., 2025) The decision-making regarding bowel 

resections, particularly when there is a need for multiple resections, should be done 

considering the length of the remaining colon, blood perfusion of the anastomosis, 

the condition of the bowel, the overall health and prognosis of the patient. 

Involvement of the small bowel serosa by carcinomatosis is a common finding in 

advanced EOC. When the carcinosis is limited to small, superficial implants, it can 

be managed by excision using Metzenbaum scissors. In cases of deeper 

involvement, segmental small bowel resection is indicated, followed by side-to-side 

anastomosis performed with gastrointestinal anastomosis stapling device, ensuring 

preservation of adequate mesenteric vascular supply. (Son & Chang, 2021) The rate 

https://www-sciencedirect-com.libproxy.tuni.fi/topics/medicine-and-dentistry/anal-verge
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of small bowel resection in cytoreductive surgery has been reported to be 

approximately 10%. (Di Donato et al., 2021) 

Despite the limited evidence supporting the benefit, prophylactic abdominal drain 

placement is commonly used after bowel surgery, intended to avoid fluid 

accumulation and earlier detection of complications. (Mereu et al., 2022) A meta-

analysis from 2020 demonstrated that the routine use of abdominal drain after 

colorectal surgery did not confer advantages regarding early diagnosis of 

anastomotic leakage, morbidity, mortality, infectious complications or length of 

hospital stay. (Podda et al., 2020) 

The role of preoperative bowel preparation in OC surgery remains controversial. 

Both ESGO perioperative guidelines for surgical treatment of advanced EOC and the 

Enhanced Recovery After Surgery (ERAS) guidelines for gynecologic oncology 

recommend that mechanical bowel preparation should not be routinely performed, 

even in patients planned to undergo bowel resection due to the tumor involvement. 

(Fotopoulou et al., 2021; Nelson et al., 2016b, 2016a) Nevertheless, mechanical 

bowel preparation is suggested to be potentially beneficial in reducing infectious 

morbidity when rectal resection is planned. (Gustafsson et al., 2019) Given the high 

incidence of rectosigmoid tumor involvement regarding low anterior resection, 

mechanical bowel preparation remains widely utilized in OC surgery in contrast to the 

recommendations, and further studies have been proposed before it can be 

completely omitted from clinical practice. (Noh et al., 2021) 

2.2.3.2 Peritonectomy and upper abdominal procedures 

Systematic pelvic and para-aortic lymphadenectomies have been abandoned from 

advanced ovarian cancer surgery after the results of LION-trial in 2019. (Harter et al., 

2019) This trial demonstrated that the removal of normal lymph nodes during 

cytoreductive surgery does not increase the survival and is only associated with 

higher incidence of complications. After these results, removal of lymph nodes is only 

performed during cytoreductive surgeries if bulky nodes are present. 

Total or partial peritonectomy is commonly performed as even widespread 

peritoneal miliary carcinosis is generally amenable to surgical resection. To 

harmonize the reporting and classification of peritonectomy procedures, the 

Peritoneal Surface Oncology Group International, ESGO, and the International 

Society for the Study of the Pleura and Peritoneum have recently published detailed 

definitions of the anatomical boundaries for each type of peritonectomy within the 

abdominal cavity. (Bhatt et al., 2025) One of the most common areas of peritoneal 
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tumor involvement is the diaphragmatic peritoneum, that occurs in approximately 

more than half of patients and is more common on the right versus left side due to 

the clockwise circulation of cancer cells floating in ascites in the abdominal cavity. 

(Fanfani et al., 2010; Nakayama et al., 2012) Usually, the carcinosis can be removed 

by diaphragmatic peritoneal stripping, but sometimes full-thickness diaphragm 

muscle and pleural resection is required with deep-infiltrating tumors. Due to the high 

rate of postoperative pleural effusion in cases when muscle resection is performed, 

intra-operative placing of chest tube is recommended. (Tsolakidis et al., 2010) 

Complete mobilization of the liver is commonly performed step in ovarian cancer 

surgery. Glisson capsule, round ligament, gallbladder, porta hepatis, and hepatic 

bridge are carefully inspected. These procedures carry a risk for severe hemorrhage 

due to the nearby retrohepatic caval vein, hepatic hilus, supra-hepatic veins and 

diaphragmatic vessels. 

Liver is the most common site of metastasis in advanced EOC. (Deng et al., 2018)  

The most common site is the hepatic capsule, followed by liver parenchymal 

infiltration or hematogenous metastasis deeper in the parenchyma. (Wang et al., 

2019) Surgery of liver metastases may offer survival advantage when complete 

cytoreduction is achieved. (Bacalbaşa et al., 2015) Removal of hepatic metastasis 

may require resection of hepatic capsular metastasis or hepatic segmentectomy, 

lobectomy or hepatectomy for deeply located parenchymal metastasis. (Gasparri, 

Grandi, et al., 2016) These procedures are usually performed by the hepatic surgeon. 

Multiple liver metastases, especially when bilateral, with a depth of more than 1 cm 

are commonly regarded as unresectable. (Roh et al., 2011) 

Cholecystectomy is regarded as relatively low-risk intervention during debulking 

surgery when involvement of the gallbladder is encountered. Additionally, even 

prophylactic cholecystectomy is sometimes considered, as further cholecystitis may 

be difficult to manage after extensive upper abdominal surgery. (Son et al., 2023) 

Splenectomy is performed in cases with tumor involvement. Metastases in the 

splenic parenchyma are associated with significantly poorer OS compared to 

metastases in the peritoneal or hilar site. (Bacalbasa et al., 2015) The removal of the 

spleen may sometimes require en bloc resection of the pancreatic tail. (Doud et al., 

2014) The need for distal pancreatectomy is commonly a marker for high disease 

burden and this procedure should be undertaken only after thorough consideration 

that complete cytoreduction is achievable. (Doud et al., 2014) In addition, partial 

gastrectomy, partial pancreatectomy and even pancreaticoduodenectomy have been 

described in the literature to achieve complete cytoreduction. (Beissel et al., 2014; 

Hoffman et al., 2007) 
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Infiltration or metastasis to the urinary tract is a relatively uncommon finding, but 

sometimes urologic surgical procedures may be necessary for complete 

cytoreduction. Advanced-stage disease can cause ureteral obstruction leading to 

hydronephrosis or hydroureter, which may necessitate intervention to preserve the 

renal function. (Koritsiadis & Giannakodimos, 2024) Preoperative ureteral stent 

placement has been employed to help identify the ureters, however, it has been 

associated with increased risk of ureteral injury due to the potential dislocation and 

reduced flexibility of the ureters. (Coccolini et al., 2012) In cases of ureteral tumor 

involvement, surgical management consist of complete removal of the tumor, 

ensuring sufficient blood supply and tension-free end-to-end anastomosis, which can 

sometimes require reimplantation of the ureter. (Berek et al., 1982; Damian Png & 

Chapple, 2000)  Tumor invasion to the urinary bladder may necessitate partial 

cystectomy, which should aim to restore the bladder function. In rare cases requiring 

total cystectomy, urinary diversion via ileal conduit can be performed. (Harada et al., 

2006) 

Cardiophrenic lymph node resection is sometimes needed to achieve complete 

cytoreduction, and the most feasible way for this is the transdiaphragmatic approach. 

However, the clinical significance of the removal of these nodes has remained 

unclear. (Prader et al., 2019) Bulky celiac lymph nodes locating around the celiac 

trunk can also be resected and are shown to be an independent risk factor for early 

recurrence of the disease. (Angeles et al., 2019) 

Intrathoracic tumor invasion, involving the lungs, mediastinum or pericardium, has 

traditionally been regarded as unresectable, resulting in suboptimal surgical 

outcomes or alternatively these patients are triaged to NACT. However, this paradigm 

may be evolving, as recent findings by Kahn et al. demonstrated improved survival 

in patients undergoing PDS with concurrent intrathoracic procedures with acceptable 

major complication rate of 17%. (Kahn et al., 2023) 

The invasion of tumor into major vessels, i.e. the aorta, vena cava and iliac 

vessels, is exceedingly uncommon, with few surgical resections followed by vascular 

reconstruction described in the literature. However, postoperative morbidity related 

to these procedures has been high and these cases are commonly considered as 

unresectable. (Uccella et al., 2023) 

2.2.3.3 Reporting of the surgery 

The operative report should be structured with a systematic and detailed 

documentation of the initial size and location of the tumor, description of the tumor 
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dissemination pattern in all regions in the abdominal and pelvic cavities and 

preciously document performed surgical procedures. Furthermore, the size and exact 

location of any residual disease must be reported. If complete cytoreduction was not 

feasible, the precluding factors must be clearly specified. (Fotopoulou et al., 2020; 

Querleu et al., 2017) 

The commonly used method of measuring and reporting the extent of procedures 

performed during cytoreductive surgery is the Aletti surgical complexity score (SCS), 

which was published in 2007. (Aletti et al., 2007) SCS is presented in Table 2. The 

complexity of the surgery can be classified into three categories: simple (0—3 points), 

intermediate (4—7) or complex surgery (≥ 8 points). 

Table 3.  Aletti surgical complexity score. 

1 point  2 points 3 points 

Total hysterectomy and 
salpingo-oophorectomy 

 Large bowel 
resection 

Rectosigmoidectomy 
End-to-end anastomosis 

Omentectomy  Diaphragm 

resection 
 

Pelvic lymphadenectomy  Splenectomy  

Para-aortic 
lymphadenectomy 

 Liver resection/s  

Abdominal peritoneum 

stripping 
   

Small bowel resection 

 

   

2.2.4 Postoperative care 

Postoperative care after advanced ovarian cancer surgery aims for optimal recovery, 

minimizing postoperative complications and fast return to normal daily baseline 

function. Depending on the extent of surgical procedures and the pre-existing 

comorbidities, some patients are directly transferred from the operating room to 

intensive care unit (ICU) after surgery for postoperative monitoring. The reported 

rates of ICU admissions after OC surgery have been varied widely from 7% to 49%. 

(Collins et al., 2021; Díaz-Montes et al., 2007; Pepin et al., 2017; Yao et al., 2019) 

The rates may vary depending on the local practice, as in some centers all patients 

with extensive surgery are referred to ICU. However, the stay in ICU is usually brief, 

with most of the patients discharged in 48 hours. 

The most common indications for ICU admission are related to hemodynamic 

instability or respiratory complications. ICU admissions are reported to occur more 



 

44 

than twice as often after PCS than ICS. (Pepin et al., 2017) Factors related to higher 

probability for ICU admissions are older age, frailty, hypoalbuminemia and higher 

number of comorbidities. (Ruskin et al., 2011; Yao et al., 2019) The risk factors for 

prolonged ICU stay include low preoperative albumin, bowel resections, increased 

operation time, significant loss of blood and need for intraoperative blood of fluid 

transfusions. (Collins et al., 2021) 

Patients who do not require intensive treatment in ICU are treated in the high 

dependency unit or gynecologic oncology ward. (Manicom & Pandit, 2022) Patients 

are monitored for vital signs, including heart rate, blood pressure, urine output and 

respiratory function. Close monitoring of sufficient organ function and fluid balance is 

essential in the recovery period, also enabling early identification of complications. 

The ERAS is a global multimodal program developed to improve surgical 

recovering. (Bardram et al., 1995) ERAS aims for reducing the surgical stress, 

maintaining the normal physiological functions and reaching the normal activities 

including mobilization and oral intake as early as possible. These factors can lead to 

decreased complication rates and costs of treatment, shorten the hospital stay and 

improve the overall health of the patient. (Bisch et al., 2021) ERAS was initially 

developed for colorectal surgery, but is now suggested as a standard of care also in 

gynecologic oncology. (Bisch et al., 2021; Nelson et al., 2016a, 2016b) 

The ERAS postoperative recommendations in gynecologic oncology are 

summarized in Table 4. ERAS guidelines recommend immediately postoperative oral 

fluid intake and early feeding, as these are associated with faster return of bowel 

function and reduced length of hospital stay, without increasing the risk for 

anastomotic leakage. (Nelson et al., 2016a) Early mobilization is strongly 

encouraged, as it reduces the risk for pulmonary complications and thromboembolic 

events, decreases insulin resistance and shortens the hospital stay. Furthermore, 

early feeding and mobilization also contribute to the prevention of postoperative ileus. 

(Fotopoulou et al., 2021) Peritoneal drains and urinary catheters are frequently 

placed intraoperatively and should be removed as early as possible to minimize the 

infection risk and to enable early mobilization. 

Pre-operatively started prophylactic anticoagulation has been shown to associate 

with decreased risk for deep venous thromboembolic event (VTE) compared to post-

operative initiation, without increased risk of intraoperative bleeding. (Nelson et al., 

2019; Whitworth et al., 2011) The greatest reduction for risk for VTE is achieved when 

heparin, or low molecular weight heparin, and mechanical prophylaxis, specifically 

pneumatic compression devices are used simultaneously. (Einstein et al., 2008) 
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Table 4.  The ERAS recommendations for postoperative care in gynecologic 
cancer surgery. 

ERAS component Recommendation 

Thromboembolism prophylaxis Patients should wear compression stockings 

Extended prophylaxis (28 days) with low molecular 
weight heparin or heparin for patients after laparotomy 
for pelvic malignancy 

Postoperative fluid therapy Intravenous fluids should be stopped within 24 hours 

after surgery 

Nutrition A regular diet within 24 hours after surgery 

Prevention of postoperative 
ileus 

The use of postoperative laxatives and chewing gum 
should be considered 

Postoperative glucose control Glucose levels over 11 mmol/l should be treated with 

insulin infusions 

Regular glucose monitoring 

Postoperative analgesia Epidural anesthesia with local anesthetic solutions with 
the addition of opiates for 24—48 hours can be 
considered  

Peritoneal drainage Not routinely recommended 

Urinary drainage Should be used for a short period of time, preferably 

< 24 hours 

Early mobilization Patients should be encouraged to mobilize within 24 
hours after surgery 

 

Goal-directed fluid therapy is recommended to optimize hemodynamic status and 

reduce complications by maintaining tissue perfusion while avoiding fluid overload or 

hypovolemia, based on patient’s real-time physiological changes and hemodynamic 

monitoring, rather than fixed fluid administration guidelines. (Nelson et al., 2019) 

Currently, there is no official recommendations for routine postoperative 

laboratory tests following surgical treatment. Postoperative glucose levels are 

recommended to monitor to maintain the level under 11 mmol/l to reduce the risk for 

surgical site infections. (Nelson et al., 2019) Liver mobilization frequently results in 

transient elevation of liver enzymes, which are recommended to monitor until 

normalization, which typically occurs within 7 days. (Nasser et al., 2018) If pancreatic 

surgery has been performed, amylase levels are monitored from the drain and 

compared to the serum amylase levels to detect the pancreatic fistula. (Crippa et al., 

2007) 
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2.3 Complications related to surgical treatment 

Extensive cytoreductive surgery carries a high risk for surgery-related complications. 

Patients with advanced EOC often present with impaired nutritional status, extensive 

tumor burden with widespread peritoneal carcinomatosis and ascites. These factors 

necessitate technically demanding surgical procedures, resulting in prolonged 

operative times and elevating the risk of major perioperative morbidity. (Aletti et al., 

2011; Di Donato et al., 2021; Dottino et al., 2020; Phillips et al., 2019) As the adjuvant 

chemotherapy is essential to complete the treatment after surgery, is crucial that the 

potential postoperative morbidity does not delay or prevent the initiation of 

chemotherapy, as such delays have been associated with decreased survival 

outcomes. (Castro et al., 2018) 

2.3.1 Intraoperative complications 

The risk for intraoperative complications has been reported as high as 17% in PCS 

compared to only 1% in ICS. (Ghirardi et al., 2020) Advanced EOC presents 

physiological challenges to anesthetic management during cytoreductive surgery. 

Ascites and pleural effusion frequently associated with advanced EOC can 

compromise ventilation and oxygenation during anaesthesia. Rapid draining of large 

volumes of ascites in the beginning of the surgery can result in hemodynamic 

decompensation, which may necessitate the use of vasopressor during surgery. 

(Manicom & Pandit, 2022) 

Extensive surgery including organ resections, particularly liver, diaphragm and 

near large vasculature increases the risk for significant blood loss during surgery. 

(Aletti, Santillan, et al., 2007) The median blood loss in extensive surgery is estimated 

to reach 800 ml, compared to median of 500 ml in standard surgery, resulting also in 

higher rates of intraoperative blood transfusions. (Bryant et al., 2022) However, the 

estimation of blood loss can be difficult due to the dilution with ascites. (Manicom & 

Pandit, 2022) Tranexamic acid can be used during surgery to reduce blood loss and 

further need for blood transfusion. (Fotopoulou et al., 2021) 

Inappropriate fluid balance due to the large volume of ascites and major blood 

loss can cause problems with tissue perfusion leading to acute kidney injury, while 

the overload of fluid may cause pulmonary complications and tissue oedema and 

impaired coagulation. (Hasselgren et al., 2021) 
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The surgical resection of extensively disseminated carcinomatosis carries a risk 

for injury of bowel, bladder, ureters, liver, spleen, pancreas and major blood vessels. 

Intraoperative organ injuries in cytoreductive surgery are relatively uncommon, 

ranging from 0.5% to 7%. Among these, bowel injuries are the most frequently 

observed type. (Baldewpersad Tewarie et al., 2021; Ghirardi et al., 2020; Kengsakul 

et al., 2022) 

Ureters are the second most common site of organ injuries, commonly occuring 

at the level of infundibulopelvic ligament, uterine artery or the apex of vagina. (Chou 

et al., 2009) Vascular complications during gynecologic oncologic surgery are rare, 

with reported incidence less than 1%, but can be potentially fatal. Most vascular 

injuries are associated with tumor resection in close proximity of the major vessels, 

most commonly inferior vena cava and the external iliac vein. (Buras et al., 2021) 

The incidence of femoral nerve injury due to the compression of self-retaining 

retractors during abdominal gynecological surgery has been reported to be 7—12%. 

(Maneschi et al., 2014) In addition, brachial plexus, ulnar or peripheral nerve injuries 

are possible due to the incorrect positioning of the patient. (Fotopoulou et al., 2021) 

During surgery, the incorrect placement of diathermy plates or accidental activation 

of electrothermal devices may cause burning wounds. (Fotopoulou et al., 2021) 

2.3.2 Postoperative complications 

2.3.2.1 Classification of complications 

Several classification systems for postoperative complications have been adopted in 

surgery, but most often postoperative complications have been described in the 

literature by Clavien-Dindo (CD) classification system. (Table 5.) This system was 

first introduced in 2004 and has been widely used since then in many fields of 

surgery. (Clavien et al., 2009; Dindo et al., 2004) Complications occurring within 30 

days postoperatively are typically included in the classification system, although 60-

day period has also been employed. (Kengsakul et al., 2022; Warrier et al., 2024) 

The severity of the one most serious complication occurring within 30 days is graded 

from 1 to 5, where 5 indicates death of the patient. 

The CD classification system has been criticized for only accounting the most 

severe complications covering a relatively short period of time, underestimating the 

true burden of multiple lower grade complications. (Kengsakul et al., 2023) Other 

instrument used for measuring complications is the Comprehensive Complication 
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Index (CCI), which summates the complication grades based on Clavien-Dindo 

classification, regardless of the severity or number of complications. The CCI is a 

continuous scale ranging from 0 (indicating no complications) to 100 (representing 

death), designed to count the cumulative burden and severity of complications. It has 

shown that the use of CCI nearly doubles the proportion of patients identified as 

having severe complications compared to CD classification. The use of CCI has been 

limited in gynecological oncology but has been suggested as primary post-operative 

complication classification in future ovarian cancer surgery. (Kengsakul et al., 2023) 

Another system to grade the severity of postoperative complications is the 

Accordion Severity Grading System (ASGS), which has been used in surgical 

research to ensure consistent comparison of complication severity between different 

studies and institutions. (Strasberg et al., 2009) This system includes a contracted 

version with four and an expanded version with six grades, allowing greater precision 

in assessing complication severity. Alongside with the more widely used Clavien-

Dindo classification, the expanded version of ASGS has been proposed for grading 

postoperative complications in ovarian cancer surgery. (Mohammad et al., 2023) 

Table 5.  Clavien-Dindo classification system. 

Grade  Definition 

I  Any deviation from the normal postoperative course without the need for 
pharmacological treatment or surgical, endoscopic and radiological 
interventions. 
Allowed therapeutic regimens: antiemetics, antipyretics, analgetics, 
diuretics, electrolytes, physiotherapy.  
Wound infections opened at the bedside. 

2  Complication requiring pharmacological treatment with drugs other than 
such allowed for grade I.  
Blood transfusions and total parenteral nutrition. 

3  Complication requiring surgical, endoscopic or radiological intervention 

 3a Intervention not under general anesthesia 

 3b Intervention under general anesthesia 

4  Life-threatening complication requiring intermediate care / intensive care 

unit management 

 4a Single organ dysfunction (including dialysis) 

 4b Multiorgan dysfunction 

5  Death of a patient 

2.3.2.2 Risk factors 

Extensive cytoreductive surgery of advanced EOC is strongly related to postoperative 

morbidity and mortality. (Kengsakul et al., 2022; Patankar et al., 2015) The reported 
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complication rates in cytoreductive surgeries have varied widely among studies, from 

6% to 48%, depending on the patient selection, the extent and type of surgical 

procedures performed, and the accuracy of complication reporting, with the highest 

rates observed in patients with stage IV disease. (Chi et al., 2010; Dabi et al., 2020; 

Di Donato et al., 2021; Heikkinen et al., 2024; Phillips et al., 2019; Xu et al., 2019) 

The risk of postoperative complications increases with the extent of the disease 

and the complexity of surgical interventions. (Aletti et al., 2011) The relationship 

between residual tumor and complication rates were evaluated in a large cohort study 

by Polan et al, including 2248 patients undergoing cytoreductive surgery for 

advanced EOC over a 5-year period. Patients with optimal cytoreduction (residual 

tumor ≤ 1 cm) had the highest rate of 36% of any postoperative complications. 

Anyhow, the incidence of major complications did not differ compared to patients with 

complete resection. Patients with optimal cytoreduction were more likely to have 

disease involving bowel mesentery, bowel serosa, liver and diaphragm and 

demonstrated the longest operative times, suggesting that the procedures performed 

in these cases were technically more complex. (Polan et al., 2023) 

Additional factors associated with increased risk of complications include patient’s 

advanced age, morbid obesity (BMI ≥ 40 kg/m2), comorbidities, poor nutritional status 

and hypoalbuminemia, as well as prolonged operation time. (Aletti, Santillan, et al., 

2007; Kumar et al., 2014; Wright et al., 2011) Studies have suggested that NACT 

followed by ICS is more favourable compared to PCS in the terms of complication 

rates. (Palmqvist et al., 2022) Also, decreasing trend in complication rates have been 

detected concomitant with increased utilization of NACT. (Horner et al., 2019) 

2.3.2.3 Complications related to bowel surgery 

One of the most challenging postoperative complications related to OC surgery is 

anastomotic leakage (AL), defined as a defect of the bowel wall at the anastomotic 

site. The reported incidence of AL rates from 3 to 10%. (Costantini et al., 2022; Grimm 

et al., 2017; Mereu et al., 2022; Praiss et al., 2023; Ye et al., 2022) Risk factors for 

AL has reported to be multiple bowel resections, the use of PCS as a surgical 

approach, increasing age and pre-operative albumin level < 30 g/l. (Fornasiero et al., 

2022; Lago et al., 2019; Praiss et al., 2023b; Valenti et al., 2022). 

Patients with AL usually require reoperation with formation of stoma, followed by 

treatment in the ICU. This may lead to prolonged hospital stay and delayed initiation 

of adjuvant chemotherapy, potentially decreasing the overall prognosis of the cancer. 

(Sánchez-Iglesias et al., 2024) 
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Predicting the development of AL presents significant challenges. The risk 

stratification algorithm “The OVA-LEAK score” was validated in 2022 by the OVA-

LEAK Collaborative Group. Compared to subjective criteria, the use of OVA-LEAK 

model is suggested to help to select the patients who would benefit from stoma.(Lago 

et al., 2022) The OVA-LEAK model includes the following variables: age, BMI, 

diabetes, NACT, serum albumin level, additional bowel resection, type of 

anastomosis (stapled or hand sewn), use of stomas, distance from anastomosis to 

the anal verge, blood transfusions, operation time and the use of hyperthermic 

intraperitoneal chemotherapy (HIPEC). Utilizing only “clinical criteria” had the AL 

protection rate of 12.5%, compared to 47% when using OVA-LEAK model. (Lago et 

al., 2022) 

The ESGO guideline for the perioperative management of advanced EOC 

patients undergoing debulking surgery concludes that to reduce the risk of 

anastomotic leakage, routinely applied protective stoma formation is not 

recommended when performing bowel resection. (Fotopoulou et al., 2021) Also, to 

prevent bowel surgery related complications, multiple bowel resections should be 

avoided when complete cytoreduction cannot be achieved. (Bartl et al., 2018) 

2.3.2.4 Other complications 

Pulmonary complications constitute the largest proportion of postoperative morbidity 

after ovarian cancer surgery, affecting approximately 30% of the patients. (Bogani et 

al., 2016; Fernandez-Bustamante et al., 2017) Pleural effusion is the most common 

major postoperative complication, accounting for over half of the reported major 

events. (Heikkinen et al., 2024; Palmqvist et al., 2022) Other pulmonary 

complications include pneumothorax, pneumonia, atelectasis, pulmonary embolism, 

and prolonged need for oxygen therapy. These are clinically significant, as even mild 

pulmonary events can substantially impair recovery, increase the risk for ICU 

admission and lengthen the hospital stay. The risk for pulmonary complications is 

elevated in patients undergoing any diaphragmatic surgery, especially when the 

pleura is entered, and when high volumes of intraoperative fluids are infused. 

(Fernandez-Bustamante et al., 2017; Pergialiotis et al., 2024) 

The incidence of VTE after OC surgery ranges between 6% and 10%, with 

pulmonary embolism representing the most common manifestation. (Fernandez-

Bustamante et al., 2017; Penfound et al., 2024) Identified risk factors for 

postoperative VTE include sepsis, open wound, peripheral vascular disease, 

prolonged hospitalization and previous history of VTE. (Mokri et al., 2013; Penfound 
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et al., 2024) Arterial thromboembolic events are less common, with an incidence of 

less than 2%. 

Urologic complications after OC surgery include urinary leaks, fistulas and ureteric 

obstruction, which is commonly located in ureterovesical junction. Routine use of 

ureteral stents does not seem to prevent these events. (Fotopoulou et al., 2021) 

Surgical site infections are reported in 7—10% of the patients undergoing 

cytoreductive surgery. (Mahdi et al., 2014; Tran et al., 2015) The factors associated 

with infectious complications are elevated BMI, presence of ascites, perioperative 

anemia, ASA score ≥ 3, hypoalbuminemia, preoperative weight loss, increased 

surgical complexity and drain placement during surgery. Superficial infections 

typically present as purulent drainage from the surgical wound, pain, tenderness, 

swelling, erythema or heat. (Tran et al., 2015) Deep infections are characterized by 

purulent drainage from the deep wound or intra-abdominal drain, formation of 

abscess in the operative field, or presence of micro-organisms in organ-specific 

cultures. Additional wound-related complications that have been occasionally 

observed include wound hematomas, wound seromas, fascial dehiscence, wound 

opening and the recto-vaginal fistulas. (Heikkinen et al., 2024) 

Cardiovascular complications reported after OC surgery include atrial fibrillation, 

myocardial infarction and angina pectoris, although their incidence remains relatively 

low. (Heikkinen et al., 2024) The most frequent minor complications reported after 

surgery is anemia, occurring in over half of the patients after surgery and often 

requiring blood transfusions. (Bianchi et al., 2025) 

Postoperative readmission rate has been reported as high as 20%, with surgical 

site infection, pleural effusion and thromboembolic events being the most common 

causes. The risk factors for readmission consist of ASA score ≥ 3 and complications 

during the initial hospitalization. (AlHilli et al., 2015) 

2.3.2.5 Mortality associated with surgery 

The mortality rate associated with cytoreductive surgery has been reported to range 

from 1 to 4% and appears to be approximately four times higher after PCS compared 

to ICS. (Chi et al., 2010; Soegaard Andersen et al., 2005; Vergote et al., 2010; Xu et 

al., 2019) Surgery-related deaths are often a result of peritonitis following 

anastomotic leakage. (Haidopoulos et al., 2023) The other common causes for 

postoperative mortality are pulmonary embolism and sepsis, which are often related 

to advanced age and poor general health rather than the surgical procedures itself. 

(Di Donato et al., 2021) Additional reported causes for mortality after surgery include 
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hemorrhage, pneumonia, myocardial infarction, stroke, renal failure and bowel 

obstruction. (Gerestein et al., 2009) 

2.4 Medical treatment of advanced epithelial ovarian cancer 

Adjuvant systemic therapy is administered after surgery to reduce the risk of 

recurrence and eliminate the residual microscopic disease. Chemotherapy remains 

the cornerstone in the adjuvant treatment of EOC. In advanced stages, maintenance 

therapy with PARP inhibitors or angiogenesis inhibitors should be contemplated. 

2.4.1 Chemotherapy 

2.4.1.1 Adjuvant chemotherapy 

The standard chemotherapy regimen after surgery in advanced stages is the 

administration of carboplatin AUC (area under the curve, reflecting the total exposure 

to the drug) 5 and paclitaxel 175 mg/m2 intravenously every three weeks for six 

cycles. (Berek et al., 2021) Docetaxel is an alternative option if paclitaxel causes 

significant allergic reaction or development of sensory neuropathy. (Vasey et al., 

2004) Patients who may not tolerate combination chemotherapy due of medical 

comorbidities, frailty, or advanced age, single carboplatin (AUC 5—6) can be given. 

(Berek et al., 2021) 

Initiation of chemotherapy should occur as soon as the patient has recovered from 

the surgery, with an optimal target of commencing treatment within five to six weeks 

to achieve the best survival effect. (Timmermans, van der Aa, et al., 2018) The 

median time interval from surgery to initiation of chemotherapy has reported to be 34 

days in the era of maximal cytoreductive surgery. (Baldewpersad Tewarie et al., 

2021) However, it has also been shown that initiating chemotherapy earlier, within 28 

days after surgery is associated with significantly better 3-year survival, compared to 

patients whose treatment induction delayed beyond 28 days. (Hofstetter et al., 2013) 

The treatment with chemotherapy requires good general health of the patient and 

for the successful treatment of EOC, it is essential that the patient’s condition remains 

sufficient even after extensive surgery. Maximal cytoreductive surgery comprises the 

risk for potential serious complications which may completely prevent the 

chemotherapy or delay the initiation of treatment. This will result in poor prognosis of 
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the patient despite the possible achievement of desired surgical outcome, fading out 

the benefits of surgical treatment. 

If surgical treatment is not feasible, for any reason, systemic chemotherapy with 

the same platinum-based regimen as in adjuvant treatment, remains the primary 

treatment option for these patients. 

2.4.1.2 Neoadjuvant chemotherapy 

In the neoadjuvant setting, the combination chemotherapy with carboplatin and 

paclitaxel is administered using the same protocol as in the adjuvant setting. 

Standard treatment includes three to four cycles of chemotherapy before interval 

surgery and continues postoperatively to complete the recommended six cycles in 

total. (Gaillard et al., 2025) 

2.4.1.3 Hyperthermic intraperitoneal chemotherapy 

The concept of delivering heated chemotherapy agents into the peritoneal cavity 

during cytoreductive surgery has been suggested as potential strategy to improve 

survival outcomes in advanced EOC. The recent meta-analysis demonstrated that 

cytoreductive surgery combined with HIPEC after NACT improved PFS compared to 

surgical treatment alone, with comparable complication profile to cytoreductive 

surgery alone. (Oncol et al., 2025) However, the integration of HIPEC into clinical 

practice still needs validation trials and its use is currently restricted to clinical trial 

settings. 

2.4.2 Angiogenesis inhibitors 

The progression and metastasis of ovarian cancer depend on the formation of new 

blood vessels to provide oxygen and nutrients for tumor cells to grow, a process 

known as angiogenesis. Bevacizumab is a humanized anti-vascular endothelial 

growth factor monoclonal antibody, the angiogenesis inhibitor used in the treatment 

of advanced EOC. The efficacy of bevacizumab in EOC was evaluated in two RCTs, 

ICON7 and GOG-218. (Burger et al., 2011; Perren et al., 2011) When combined to 

standard chemotherapy, bevacizumab increased PFS up to 4 months, but no OS 

benefit was seen when the whole cohort was analysed. The greatest survival benefit, 
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including also OS benefit by 4.8 months, was seen in patients with high risk of 

recurrence, i.e. those who had residual disease greater than 1 cm after surgery or 

those who had not undergone surgery. (Oza et al., 2015) 

Based on these findings, current guidelines recommend bevacizumab for patients 

with FIGO stage IIIB or IIIC disease with residual tumor after surgery or for patients 

with FIGO stage IV regardless or the surgical outcome. Bevacizumab is administered 

in combination with standard chemotherapy given every three weeks and continued 

as a maintenance therapy for up to 15 months. 

2.4.3 PARP inhibitors 

Poly (ADP-ribose) polymerase (PARP) enzymes are crucial in repairing single-strand 

DNA breaks and inhibition of this enzyme leads to double-strand DNA brakes during 

DNA replication. Tumors with HRD or BRCA mutation are unable to repair these 

brakes, leading to cancer cell death. In recent years, PARP inhibitors have provided 

survival benefit for patients with HRD, including BRCA1 or BRCA2 mutations. The 

use of PARP inhibitors as a maintenance therapy after adjuvant chemotherapy has 

increased since 2018 after approval of European Medicines Agency. 

The SOLO1 trial showed 45% lower risk of death with a first-line olaparib 

maintenance therapy in FIGO stages III and IV disease with germline BRCA 

mutations. After median follow-up of 7 years, the median OS was not reached in the 

olaparib group, while was 75 months in the placebo group, however the difference 

was not statistically significant. (Disilvestro et al., 2022; K. Moore et al., 2018) 

Niraparib and rucaparib have been shown to increase PFS as a first-line maintenance 

therapy after platinum-based adjuvant chemotherapy, anyhow, recent findings from 

PRIMA trial demonstrated no OS benefit with niraparib. (Monk et al., 2022, 2024) 

2.5 Follow-up and prognosis 

2.5.1 Follow-up 

After the completion of first-line treatment, patients are followed up in the outpatient 

clinic every 3 to 6 months. Imaging with CT scan is indicated only when new clinical 

symptoms occur or when there is a progressive increase in serum CA12-5 levels. 

(Gu et al., 2009) Up to 50% of recurrences are detected in the pelvis, with other 
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common sites including lymph nodes, liver, lungs, and peritoneum. CA12-5 level has 

been shown to rise approximately 2—5 months before radiographic evidence of 

relapse. However, no survival advantage has been demonstrated when treatment 

with chemotherapy is initiated solely based on rising CA12-5 levels, compared to 

initiation of treatment after the radiographic or symptomatic recurrence becomes 

apparent. (Rustin et al., 2010) Therefore, the routine monitoring of CA12-5 in 

asymptomatic patients during follow-up period is not recommended. Serum CA12-5 

levels may still provide prognostic information, as failure to achieve normal levels 

after surgery and adjuvant of chemotherapy is associated with poor survival. (Yoo et 

al., 2008) 

2.5.2 Prognosis 

The prognosis of advanced EOC is strongly correlated with the stage of the disease 

and the amount of residual tumor in surgery. (Polterauer et al., 2012) The five-year 

survival rate of patients with stage I, II, III and IV have been reported to be 89%, 70%, 

36% and 17%, respectively (Figure 2.). (Baldwin et al., 2012) Patients without surgical 

treatment have substantially worse survival across all stages. (Baldwin et al., 2012) 

The survival has been shown to decrease with increasing amount of residual 

tumor. Patients with residual disease over 1 cm have been reported to be in 2,5-fold 

risk of death compared to those with no residual disease. (Bryant et al., 2022) If 

residual tumor increases over 2 cm, the risk for death increases up to more than eight 

times higher compared to patients with complete cytoreduction. (Aletti, Dowdy, et al., 

2006) 

Despite the cytoreductive surgery and high initial response to platinum-based 

chemotherapy, the prognosis of advanced EOC remains poor. Only a minority of the 

patients achieve long-term survival, while approximately 70-75% of the patients will 

develop disease recurrence within two years after diagnosis. (Cheeseman et al., 

2023; Gadducci et al., 2007) Only 45% of the patients with advanced disease are 

alive after five years of diagnosis in Europe, whereas global rates being even lower, 

around 30%. (Marth et al., 2022; Reid et al., 2017) 
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Figure 2.  Five-year survival for patients with epithelial ovarian cancer by stage. 
Data from Baldwin et al 2012. 

2.5.3 Recurrence 

Recurrent EOC is generally considered incurable, with a median survival of 

approximately 3 years when the disease retains sensitivity to platinum-based 

chemotherapy. Recurrent EOC can be classified into platinum-sensitive and 

platinum-resistant disease based on the platinum-free interval, defined as the time 

interval from the last dose of platinum-based chemotherapy to the detection of 

recurrence. (Markman & Hoskins, 1992) The relapsed disease is usually considered 

sensitive to platinum-based agents if relapse occurs ≥ 6 months after the completion 

of the initial chemotherapy. 

In relapsed disease, re-treatment with platinum-based chemotherapy is 

recommended if platinum is not contraindicated and it is reasonable to assume that 

the patient may benefit from it. (González-Martín et al., 2023) The standard 

recommendation is carboplatin added to paclitaxel, gemcitabine or pegylated 

liposomal doxorubicin (PLD), depending on the safety profile and patient’s 

preferences. (Pfisterer et al., 2006; Pujade-Lauraine et al., 2010) However, only 47—

66% of the patients with platinum-free interval over 6 months will eventually respond 

to platinum-based re-treatment. (Colombo et al., 2019) 
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Secondary cytoreductive surgery may be considered for carefully selected 

patients, when complete cytoreduction is deemed achievable. The greatest benefit 

appears to be observed in patients who achieved complete cytoreduction in primary 

surgery, experience recurrence > 12 months after completion of initial treatment and 

present with limited disease burden. (Harter et al., 2021) 

Regardless of the early platinum responsiveness, most patients will eventually 

develop resistance to platinum-based chemotherapy. In platinum-resistant setting, 

defined as recurrence within 6 months from the last platinum treatment, the prognosis 

is significantly diminished with a median survival of approximately 12 months. 

(Griffiths et al., 2011) Chemotherapy treatment options for these patients include 

weekly paclitaxel, topotecan, gemcitabine and PLD, which have demonstrated 

response rate of 10-15%. (González-Martín et al., 2023) Recently, the MIRASOL 

study demonstrated that antibody-drug conjugate mirvetuximab soravtansine 

significantly improved both PFS and OS compared to standard chemotherapy in 

platinum-resistant setting. (Moore et al., 2023) Patients with adequate performance 

status should be considered for clinical trials exploring novel therapies. Early 

integration of palliative care is essential to address symptom burden and improve 

quality of life. (González-Martín et al., 2023) 

A common terminal event in the end-stage EOC is a malignant bowel obstruction 

due the diffuse peritoneal and bowel involvement of the carcinosis. (Jayson et al., 

2014) Multidisciplinary symptom palliation is of paramount importance in the end-of-

life period, focusing on the management of nausea, vomiting, abdominal pain 

dyspnea, ascites and psychological distress. 
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3 AIMS OF THE STUDY 

This thesis was conducted to explore the effects of the changed surgical paradigm 

towards maximal cytoreductive surgery on patients with advanced epithelial ovarian 

cancer in Tampere University Hospital. 

The first study aimed to compare progression-free and overall survival rates, as 

well as surgical outcomes, including surgical procedures and achievement of 

complete cytoreduction, of surgically treated patients before and after the 

programmatic change in surgical approach from standard surgery towards maximal 

effort cytoreductive surgery. 

The aim of the second study was to assess the impact of increased surgical 

complexity on the risk of surgery-related complications. 

The objective of the third study was to evaluate how the implementation of 

maximal cytoreductive surgery has influenced the treatment decisions and overall 

survival of the entire patient cohort with advanced epithelial ovarian cancer. 
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4 MATERIALS AND METHODS 

4.1 Patients and study design 

The studies of this thesis were conducted in Tampere University Hospital (TAUH), 

Finland. TAUH is the second biggest tertiary referral center in Finland, serving a 

catchment area of 0.9 million people. 

The study population in studies I and II included all 247 surgically treated patients 

with advanced EOC in our hospital from March 2013 to March 2019. Study II included 

additional five patients with non-epithelial histology, who were not covered in the 

study I due to restricted histological inclusion criteria of the first study. Study III 

consisted of all 333 patients diagnosed with advanced EOC during the same period. 

The study population included all patients treated with surgery, chemotherapy only 

or palliative care only. 

In studies I, II and III patients were categorized into two groups by the operation 

date or by the date of diagnosis, if not operated. The first group included patients 

between March 2013 and February 2016 and the second group between March 2016 

and March 2019. The change in surgical approach towards maximal surgical effort 

was initiated in March 2016, hence this was decided to be the division point between 

groups. 

Patients were followed up to November 2020 (study I) or November 2022 (study 

III) or until death, whichever occurred first. In study II, patients were followed up to 30 

days after surgery. 
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Table 6.  Summary of studies I—III. 

 Study I Study II Study III 

Study design Retrospective Retrospective Retrospective 

Number of patients 247 252 333 

Study population Surgically treated 
patients 

Surgically treated 
patients 

All patients with 
advanced EOC 

Time period of 

inclusion 

March 2013—March 

2019 

March 2013—March 

2019 

March 2013—March 

2019 

Follow-up November 2020 30 days after 

surgery 
November 2022 

The objective of the 
study 

To compare surgical 
treatment before 
and after the 
changed surgical 
paradigm  

To compare 
surgery-related 
complications before 
and after the 
changed surgical 
paradigm 

To determine the 
effects of changed 
surgical paradigm 
on treatment 
decisions and 
survival of the entire 
cohort 

Outcome measures Surgical outcomes, 
OS, PFS 

Postoperative 
complications 
related to surgery 

Treatment decision 
distributions, OS 

OS, overall survival; PFS, progression-free survival 

4.1.1 Surgical treatment 

Primary cytoreductive surgery, or primary debulking surgery, was the preferred 

choice of treatment in both study periods. If surgical treatment was considered 

contraindicated according to the preoperative work-up or patient’s health status, the 

treatment was started with neoadjuvant chemotherapy and potential interval 

cytoreductive surgery was assessed later, or the patient was referred directly to 

chemotherapy treatment or palliative care. All patients underwent abdominal or 

whole-body CT scan prior to diagnosis. 

During the first study period from March 2013 to February 2016, there was no 

standardized protocol for patient selection for surgical treatment. Patients that were 

considered surgical candidates underwent standard surgery with the intention to 

reach maximal surgical cytoreduction. If tumor involved upper abdominal area, 

including peritoneal carcinosis and parenchymal metastasis in liver or spleen, the 

case was most likely considered as unresectable leaving these patients suboptimally 

resected. 

The surgical paradigm change towards maximal surgical cytoreduction was 

adopted as the standard of care in the beginning of 2016. This time point was 

considered as the starting point of the second study cohort. The surgical paradigm 
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change was preceded by internal educatory sessions of the gynecologic oncology 

team together with gastrointestinal and thoracic surgeons, and a visit for surgical 

training in a European accredited ovarian cancer center during the preparing process. 

Also, intensive care unit was prepared for take care of the patient for the first 

postoperative day. 

The adoption of the new surgical protocol also included the initiation of structured 

criteria for patient selection for surgical treatment with a thorough assessment of 

nutritional and performance status. The criteria for extensive surgery was ASA score 

≤ 2, age ≤ 75 years and preoperative serum albumin level ≥ 30 g/l. If albumin level 

was suboptimal, a preoperative nutritional support was initiated to reach the required 

level. If these criteria were not met, NACT-IDS or non-surgical treatment was chosen. 

In Finland, both surgical treatment and medical treatment planning of 

gynecological cancers are carried out by a specialized gynecologic oncologist. 

Treatment decisions of all newly diagnosed patients were evaluated in MDT meetings 

arranged weekly, including participation of gynecologic oncologists, radiologist, 

pathologist and medical/radiation oncologist. 

4.1.2 Medical treatment 

Throughout the entire study period, the preferred chemotherapy regimen consisted 

of carboplatin (AUC 5) and paclitaxel 175mg/m2 intravenously every three weeks for 

six cycles. This regimen was utilized in adjuvant setting after PDS, as a part of NACT, 

and as the primary treatment modality when chemotherapy was the only therapeutic 

approach. The chemotherapy treatment was carried out with carboplatin only, if the 

health status of the patient did not allow the combination therapy with paclitaxel. 

Bevacizumab was added to the treatment regimen for patients with FIGO stage 

IIIB or IIIC disease with residual tumor > 1 cm after surgery, as well as for those with 

FIGO stage IV irrespective of the surgical outcome. (Perren et al., 2011) The 

administration of bevacizumab commenced no earlier than four weeks after surgery 

and continued for a maximum of 15 months. The chemotherapy and bevacizumab 

treatment were conducted either in TAUH or in the central hospitals in the catchment 

area. 

During the study period, the usage of PARP inhibitors was limited to patients with 

BRCA mutation and platinum-sensitive recurrence of the disease, resulting in limited 

overall utilization of this therapy. BRCA mutation status was systemically assessed 

only after year 2016. 
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4.2 Methods 

4.2.1 Data collection 

All three studies were retrospective cohort studies. The data were collected from the 

TAUH patient records between November 2020 and November 2022. The TAUH 

patient database was queried for cases of patients with diagnosis of ovarian cancer, 

abdominal tumor of unclear origin or ascites, (identified by International Classification 

of Diseases (ICD-10) codes C48.19&, C48.29&, C56.00&, C56.71&, C56.72%, 

C56.73&, C56.74&, C56.98&, C57.8&, C57.9&, C80.90& R19, R18) who visited our 

emergency room, gynecological ward or outpatient clinic between March 2013 and 

March 2019. Inclusion criteria for analysis was FIGO 2014 stage IIIB—IVB ovarian, 

Fallopian tube or primary peritoneal cancer. 

The following data were collected: patient characteristics, preoperative CT scans 

and the reports of imaging studies, histopathological reports, laboratory tests, 

surgical findings and procedures, sites of metastases, postoperative data including 

given chemotherapy and other medications, surgery-related complications, follow-up 

data, recurrences and death. 

4.2.2 Outcome measures 

The surgical outcome was classified by the size of residual disease at the end of the 

surgery. Complete cytoreduction, or R0, was defined as no visible residual tumor. 

Cytoreduction was defined as R1 when residual tumor measured ≤ 1 cm in maximal 

dimension and R2 if the residual tumor diameter exceeded 1 cm. 

Complications occurring during 30-day postoperative period were collected and 

graded according to the Clavien-Dindo classification system. (Dindo et al., 2004) If a 

patient had more than one complication, only the most severe was recorded. 

Complications occurring after 30 days were not included. 

Progression-free survival was defined as the time interval from the date of surgery 

or the first cycle of chemotherapy in the NACT-IDS setting, or the date of diagnosis 

in the non-operated patients, to the date of first documented recurrence or 

progression of the disease. If the patient did not have these, PFS was calculated to 

the date of last follow-up or death. 
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Overall survival, including all causes of death, was defined as the time interval 

from the same starting point to the date of death or last follow-up, whichever occurred 

first. 

4.3 Statistical analyses 

Statistical analyses for the studies were performed by using IBM SPSS Statistics 

version 26, 27 and 29 (IBM Corp., Armonk, N.Y., USA). The categorical variables 

were presented as numbers and percentages. 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 (all studies) and 

Kruskal-Wallis test (study II). Bivariate and multivariate analyses were performed by 

logistic regression (study II). 

Univariate survival analyses were performed using the Kaplan-Meier method and 

differences in survivals were analyzed with the log-rank test (studies I and III). 

Multivariate survival analysis and adjusted hazard ratios and their 95% confidence 

intervals were estimated with Cox regression (study I). All used statistical tests were 

two-sided and p-value <0.05 was considered as significant. 

4.4 Ethical aspects 

All three studies were retrospective cohort studies, thus no approval of the Ethics 

Committee was necessary for these analyses. Permission to use the patient records 

was obtained from TAUH (permission number R19582). 
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5 RESULTS 

5.1 Primary treatment outcomes (I, III) 

5.1.1 Treatment decision distribution 

The total number of 333 patients with advanced EOC was diagnosed in Tampere 

University Hospital during the study period from March 2013 to March 2019. Group 1 

included 162 patients from March 2013 to February 2016. Group 2 included 171 

patients from March 2016 to March 2019. 

The proportion of patients treated surgically or non-surgically were similar 

between groups. In Group 1, 76.5% of patients underwent surgical treatment, while 

23.5% were treated non-surgically. The corresponding numbers in Group 2 were 

71.9% and 28.1% (p=0.381). After the surgical paradigm change, surgical treatment 

was offered slightly less often in Group 2, but the difference was not statistically 

significant compared to preceding cohort. (Table 7., Figure 3.) 

Table 7.  Characteristics of all patients with advanced EOC. 

 Group 1 (n=162) Group 2 (n=171) P value 

Median age (years) 69 (24—89) 69 (31—90) 0.906 

FIGO stage   0.825 

  III 94 (58.0%) 97 (56.7%)  

    IIIB 6 (3.7%) 17 (9.9%)  

    IIIC 88 (54.3%) 80 (46.8%)  

  IV 68 (42.0%) 74 (43.3%)  

    IVA 28 (17.3%) 19 (11.1%)  

    IVB 40 (24.7%) 55 (32.2%)  

Treatment   0.381 

  Surgical treatment 124 (76.5%) 123 (71.9%)  

  Chemotherapy only 29 (17.9%) 36 (21.1%)  

  Palliative care only 9 (5.6%) 12 (7.0%)  

Bevacizumab 84 (51.9%) 69 (40.4%) 0.028 

PARP inhibitor 8 (4.9%) 24 (14.0%) 0.008 

FIGO, International Federation of Gynecology and Obstetrics. Data are presented as n (%) or 

median (range). 
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Patients who underwent surgical treatment were comparable between study groups 

in the terms of age, ASA classification and BMI. PCS was the most common 

approach for surgery in both study periods. (Table 8.) 

Table 8.  Characteristics of surgically treated patients. 

 Group 1 (n=122) Group 2 (n=125) P value 

Median age (years) 67 (24—87) 68 (31—89) 0.908 

ASA class   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   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%)  

Timing of surgery   0.083 

  PCS 71 (58%) 86 (69%)  

  ICS 51 (42%) 39 (31%)  

Pre-operative albumin (g/l) 28 (19–45) 36 (15—47) 0.013 

BRCA1/2 tested 36 (29.5%) 86 (69.0%) <0.001 

  Positive 7 (19%) 14 (16.3%)  

  Negative 29 (81%) 72 (83.7%)  

Histology   0.190 

  High-grade serous 102 (83.6%) 106 (84.8%)  

  Low-grade serous  4 (3.3%) 9 (7.2%)  

  Endometrioid  5 (4.0%) 2 (1.6%)  

  Mucinous  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; FIGO, International Federation of Gynecology 

and Obstetrics; PCS, primary cytoreductive surgery; ICS, interval cytoreductive surgery; 
BRCA, breast cancer gene. 
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There was a slight, although not statistically significant, increase in proportion of 

FIGO stage IV patients from 31.1% in Group 1 to 40.8% in Group 2. Among stage IV 

patients, the proportion of IVA due to positive pleural cytology decreased from 42.1% 

in Group 1 to 19.6% in Group 2. Distant lymph node metastases, the most common 

site of extra-abdominal spread, were observed in 59.1% and 48.8% of stage IVB 

patients in Group 1 and Group 2, respectively, while liver metastases were present 

in 31.8% and 17.1%, and lung metastases in 9.1% and 9.8%. The presence of two 

or more metastatic sites was noted in 18.2% and 19.5% of stage IVB patients in 

Group 1 and Group 2, respectively. (Table 9.) 

Table 9.  Metastatic sites in surgically treated FIGO stage IV patients. 

FIGO stage Group 1 (n=38) Group 2 (n=51) P value 

IVA 16 (42.1%) 10 (19.6%) 0.021 

IVB 22 (57.9%) 41 (80.4%)  

  Distant lymph nodes 13 (59.1%) 20 (48.8%) 0.435 

  Liver 7 (31.8%) 7 (17.1%) 0.213 

  Spleen 0 (0.0%) 7 (17.1%) 0.086 

  Bone 1 (4.5%) 1 (2.4%) 1.000 

  Lung 2 (9.1%) 4 (9.8%) 1.000 

  Bowel infiltration 2 (9.1%) 8 (19.5%) 0.472 

  Cutaneous (umbilical) 2 (9.1%) 2 (4.9%) 0.606 

  ≥ 2 metastatic sites 4 (18.2%) 8 (19.5%) 1.000 

FIGO, International Federation of Gynecology and Obstetrics 

18% of all patients with advanced EOC in Group 1 and 21% in Group 2 were treated 

with chemotherapy only. The primary reason for not planning surgical treatment at 

the time of diagnosis in both study periods was the presence of extensive carcinosis, 

which was deemed unresectable with the current surgical approach. Following the 

implementation of extensive cytoreductive surgery and more structured patient 

selection process, factors such as age, overall health and serum albumin level played 

a more prominent role in treatment decisions compared to previous years, however, 

the differences between groups were not statistically significant. Additionally, a small 

number of patients within the entire cohort opted to decline surgical treatment despite 

otherwise would have met the established criteria for surgical intervention. (Table 

10.) 
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Figure 3.  Treatment distributions in study groups. 

 

Most patients whose treatment started with NACT eventually underwent ICS after 

three cycles of chemotherapy, but there was a slight decreasing trend from 86.7% in 

Group 1 to 77.6% in Group 2. The most common reason ICS was declined was the 

finding of stable or progressive disease in CT scan after three cycles of 

chemotherapy, and consequently treatment was continued with chemotherapy only. 

All the other patients that were not considered as potential candidates for surgical 

treatment, nor PCS or ICS, were referred directly to the chemotherapy treatment only 

or to palliative care only. 
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Table 10.  Characteristics of non-surgically treated patients. 

 Group 1 (n=38) Group 2 (n=48) P value 

Median age (years) 76 (43—89) 75 (45—90) 0.734 

BMI (kg/m2) 26 (19—52) 27 (18—47) 0.855 

ASA class   0.267 

  I—II 20 (52.6%) 32 (66.7%)  

  III—IV 18 (47.4%) 16 (33.3%)  

FIGO stage    0.124 

  III 11 (28.9%) 22 (45.8%)  

  IV 27 (71.1%) 26 (54.2%)  

CA12-5 (U/ml) 511 (10—23 000) 668 (27—4930) 0.639 

Ascites 28 (73.7%) 41 (85.4%) 0.187 

Serum albumin (g/l) 30 (14—52) 26 (16—43) 0.304 

Histology   <0.001 

  Cytological only 8 (21.1%) 0 (0.0%)  

  Histological sample 30 (78.9%) 48 (100.0%)  

    High grade serous 29 (96.7%) 46 (95.8%)  

    Other 1 (3.3%) 2 (4.17%)  

Diagnostic laparoscopy 10 (26.3%) 23 (47.9%) 0.047 

Main rationale not to perform 

surgery 
  0.640 

  Age 8 (21.1%) 13 (27.1%)  

  Poor health status 2 (5.3%) 5 (10.4%)  

  Unresectable carsinosis 24 (63.2%) 27 (56.3%)  

  Low albumin 1 (2.6%) 2 (4.2%)  

  Patient’s own request 3 (7.9%) 1 (2.1%)  

NACT started aiming for 
potential surgery 

8 (21.1%) 11 (22.9%) 1.00 

  Rationale not to perform ICS   0.385 

    SD/PD in CT scan 4 (50.0%) 8 (72.7%)  

    Poor health status 3 (37.5%) 3 (27.3%)  

    Patient’s own request 1 (12.5%) 0 (0.0%)  

Treatment   1.000 

  Chemotherapy 29 (76.3%) 36 (75.0%)  

    Taxan-carboplatin 13 (44.8%) 20 (55.6%)  

    Single carboplatin 16 (55.2%) 16 (44.4%)  

  Palliative care 9 (23.7%) 12 (25.0%)  

Bevacizumab 9 (23.7%) 10 (20.8%) 0.798 

PARP inhibitor 1 (2.6%) 4 (8.5%) 0.374 

BMI, body mass index; ASA, American Society of Anesthesiologists; FIGO, International 
Federation of Gynecology and Obstetrics; CA12-5, cancer antigen 12-5; ICS, interval 
cytoreductive surgery; NACT, neoadjuvant chemotherapy; SD, stable disease; PD, 
progressive disease; CT, computed tomography; PARP, poly ADP ribose polymerase. Data 
are presented as n (%) or median (range). 
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5.1.2 Surgical outcomes 

5.1.2.1 Surgical procedures 

The implementation of new surgical protocol resulted in a marked rise in the 

conduction of extensive surgical procedures compared to previous time period. 

Hysterectomy, bilateral salpingo-oophorectomy and omentectomy were as 

commonly performed in both study groups. Following the establishment of the new 

surgical approach, in Group 2, procedures as pelvic en-bloc resection, 

peritonectomy, liver resections, splenectomy, cholecystectomy, diaphragm resection 

and cardiophrenic lymph node resection were adopted into surgical field. (Table 11.) 

Table 11.  Approach to surgery and cytoreductive procedures. 

PCS, primary cytoreductive surgery; ICS, interval cytoreductive surgery 

Procedure Group 1 

(n=122) 

Group 2 

(n=125) 
P value 

Approach to surgery    

  Stage III   0.056 

    PCS 54 (64.3%) 58 (78.4%)  

    ICS 30 (35.7%) 16 (21.6%)  

  Stage IV   0.395 

    PCS 17 (44.7%) 28 (54.9%)  

    ICS 21 (55.3%) 23 (45.1%)  

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 recto-sigmoid 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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The median Surgical Complexity Score was 2 and 7 in Groups 1 and 2, respectively. 

When categorized in groups “low”, “intermediate” or “high SCS”, the rate of high SCS 

increased from 4% to 45% after the change in surgical approach, while the rate of 

low complexity surgeries decreased from 71% to 19%. (Table 12.) 

Operation time increased from 161 to 342 min and the median amount of blood 

loss nearly threefold (300 vs. 1000 ml) from Group 1 to Group 2. 

Table 12.  Surgical outcomes. 

PCS, primary cytoreductive surgery; ICS, interval cytoreductive surgery; PARP, Poly (ADP-

ribose) polymerase. 

 Group 1 

(n=122) 

Group 2 

(n=125) 
P value 

Cytoreduction    <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%)  

                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%)  

Approach to surgery   0.083 

 PCS 71 (58%) 86 (69%)  

   R0 12 (16.9%) 42 (48.8%)  

   R1 10 (14.1%) 26 (30.2%)  

   R2 49 (69.0%) 18 (20.9%)  

 ICS 51 (42%) 39 (31%)  

   R0 9 (17.6%) 23 (59.0%)  

   R1 15 (29.4%) 15 (38.5%)  

   R2 27 (52.9%) 1 (2.6%)  

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   0.002 

   No complications 40 (32.8%) 18 (14.4%)  

   I-IIIA  73 (59.8%) 89 (71.2%)  

   IIIB-V 9 (7.4%) 18 (14.4%)  



 

74 

5.1.2.2 Cytoreduction 

Increased proportion of complex surgical procedures led to an increased rate of 

complete cytoreduction from 17% in Group 2 to 52% in Group 2. In line with this, the 

rate of suboptimal cytoreduction decreased from 62% to 15%. 

In stage III patients, the proportion of complete cytoreduction increased from 

14.3% to 54.1%, while the corresponding proportions in stage IV were 23.6% and 

49.0%. Suboptimal cytoreduction decreased from 65.5% to 14.9% in stage III and 

from 55.3% to 15.7% in stage IV patients. 

In Group 2, complete cytoreduction was more often achieved with ICS (59.0%) 

compared to PCS (48.8%), p=0.03. 

5.1.3 Medical treatment 

In surgically treated population, the change towards extensive surgical effort did not 

have a negative impact on chemotherapy treatment. 92.6% and 93.6% of patients in 

Group 1 and 2, respectively, were able to receive chemotherapy after surgery despite 

the rise in surgical complexity in the second group. Also, the median time from 

surgery to first infusion of chemotherapy was not extended as it was 35 and 36 days 

in Group 1 and 2, respectively (p=0.010). The number of patients for whom 

chemotherapy could not be initiated after surgery, was nine and eight patients in 

Group 1 and Group 2, respectively. 

Bevacizumab was more commonly utilized in surgically treated patients in the first 

study period, 61.5% compared to 47.2% in the second group (p=0.03). The use of 

PARP inhibitors was low, 5.7% and 14.9% in Group 1 and Group 2, respectively 

(p=0.021). 

During the first study period, the most frequently administered regimen was single-

agent carboplatin, whereas in the second group the combination of carboplatin and 

paclitaxel became the predominant treatment choice. The use of bevacizumab in 

non-surgically treated patients was as common in both study periods with 23.7% and 

20.8% in Group 1 and Group 2, respectively (p=0.798). PARP inhibitors were used 

in 2.6% of cases in Group 1 and 8.5% in Group 2, p=0.374. 
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5.2 Complications related to surgical treatment (II) 

The total rate of postoperative complications in all surgically treated patients during 

the six-year study period was 76.2%. The majority of the complications, 86.5%, were 

considered as minor, classified as Clavien-Dindo I—IIIA. (Table 13.) 

The median amount of blood loss in patients who developed postoperative 

complication was twice that of those who did not have complications: 700 ml and 350 

ml, respectively (p<0.001). The median operative time was also greater in patients 

with complications: 249 min compared to 164 min in those without (p<0.001). There 

was no difference in complications in patients with BMI under or over 25 kg/m2 

(p=0.971). 

As for the timing of surgical treatment, there was no statistically significant 

association with the occurrence of postoperative complications. The total 

complication rate was 75.3% in PCS and 77.8% in ICS groups, (p=0.659). Also, the 

rate of major complications was comparable in these subgroups (p=0.188). 

The total complication rate was higher in the second study group compared to 

previously operated patients: 66.9% in Group 1 vs. 85.6% in Group 2, respectively, 

p=0.001. As a result, patients in Group 2 were almost at threefold risk for surgery-

related complications (OR 2.94 (95% CI 1.58—5.47), p=0.001). However, most of the 

complications were minor in both groups: 90.6% in Group 1 and 83.2% in Group 2 

(p=0.136). 

The change towards maximal cytoreductive surgery in the second study group 

highly increased the rate of bowel procedures. Large bowel resection, including colon 

resection, isolated rectosigmoid resection or pelvic en-bloc resection, did increase 

the postoperative complication risk fivefold compared to those without bowel 

resection (OR 5.16 (95% CI 2.33—11.46), p<0.001). 91.4% of patients who 

underwent large bowel resection and 92.8% of those with bowel anastomosis had 

some complication after surgery. The occurrence of anastomotic leakage was almost 

twice as high in Group 2 compared to Group 1, 11.5% and 5.9%, respectively. In 

addition, total peritonectomy also increased the complication risk (OR 24.29 (95% CI 

3.29—179.66, p=0.002)) as almost all the of these patients (98.2%) had some 

postoperative complication. 
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Table 13.  Complications related to surgical treatment. 

 Group 1 (n=127) Group 2 (n=125) P value 

Surgical approach   0.081 

  PCS 75 (59.1%) 87 (69.6%)  

  ICS 52 (40.9%) 38 (30.4%)  

Blood loss 350 (50—3000)  975 (20—4350) <0.001 

Duration of surgery 162 (59—393) 340 (83—734) <0.001 

Surgical outcome   <0.001 

  R0  27 (21.3%) 64 (51.2%)  

  R1 29 (22.8%) 41 (32.8%)  

  R2 71 (55.9%) 20 (16.0%)  

Total complications 85 (66.9%) 107 (85.6%) 0.001 

Clavien-Dindo grade     

  I 23 (27.1%) 18 (16.8%)  

  II 47 (55.3%) 37 (34.6%)  

  IIIA 7 (8.2%) 34 (31.8%)  

  IIIB 7 (8.2%) 9 (8.4%)  

  IV 0 (0%) 7 (6.5%)  

  V 1 (1.2%) 2 (1.9%)  

Severity of complication   0.136 

  Minor (I—IIIA) 77 (90.6%) 89 (83.2%)  

  Major (IIIB—V) 8 (9.4%) 18 (16.8%)  

PCS, primary cytoreductive surgery; ICS, interval cytoreductive surgery. 

A multivariate analysis was performed to assess the surgical procedures associated 

with the occurrence of postoperative complications. The model included bowel 

resection, bowel anastomosis, total peritonectomy and port-site metastasis resection. 

Three subgroups were formed for bowel resection: no resection (reference group), 

one resection and two or more resections. Using the backward conditional method, it 

was discovered that total peritonectomy still increased the risk of postoperative 

complications, OR 13.86 (95% CI 1.80—106.83; p=0.012). In addition, the patients 

who underwent one bowel resection were at increased risk for complications, OR 

3.59 (95% CI 1.51—8.56; p=0.004). If more resections were made, the increase in 

risk was not anymore statistically significant, OR 4.29 (95% CI 0.51—35.85; 

p=0.179). 

Reoperation was necessary in seven patients in Group 1, including three for 

wound dehiscence, two for postoperative bleeding, one with an anastomotic leakage 

and one with a bowel volvulus. In Group 2, reoperation was required for 13 patients, 

out of which six had an anastomotic leakage, four had postoperative bleeding, three 

had a wound dehiscence and one had a pericardial effusion that required a 

sternotomy. 
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The median time interval from surgery to initiation of adjuvant chemotherapy did 

not differ between patients with or without surgery-related complications: 35.0 days 

(range 20—71) for patients with postoperative complications and 35.0 days (range 

15—64) for patients without complications, p=0.423. 

The median interval from surgery to initiation of adjuvant chemotherapy for 

patients with mild complications and patients with severe complications was 35.0 

(range 20—64) and 42.5 (range 27—71), respectively. Initiation of chemotherapy 

occurred within four weeks in cumulative percent of 17.1%, within five weeks in 55.2% 

and within six weeks in 84.1% of the patients. The cumulative percentages of patients 

were similar in both primary and interval surgery groups (17.3% vs. 16.7%, 54.3% 

vs. 56.7% and 84.6% vs. 83.3%, respectively, p=0.161). 

5.3 Survival outcomes (I, III) 

5.3.1 Entire population 

A comparison between the two study groups, representing periods before and after 

the implementation of the new surgical paradigm, revealed no significant difference 

in the overall survival among patients who received cancer-specific therapy, including 

either surgical or medical treatment. The median overall survival was 32.8 months 

(95% CI 25.1—40.5) in Group 1 and 37.3 months (31.5—43.1) in Group 2, p=0.214. 

(Figure 4.) Patients who received palliative care only (21/333) were excluded from 

the survival analysis. 

 

 

 

Figure 4.  Overall survival in patients who received cancer-specific therapy. 
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5.3.2 Surgically treated patients 

In surgically treated patients, both progression-free and overall survival significantly 

improved after the implementation of new surgical approach. The median PFS was 

15.6 months (95% CI 13.6—17.5) in Group 1 and 19.3 months (95 % CI 17.8—20.9) 

in Group 2, p=0.037. OS rates for Group 1 versus 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). (Figure 

5.) 

Cox multivariable analysis showed that OS was independently influenced by the 

amount of residual tumor and Clavien-Dindo complication grade: with R1 HR for 

death was 3.6 (95% CI 2.07—6.10) and with R2 HR 3.9 (95% CI 2.17—7.08) 

compared to no residual disease. With CD IIIB to IV HR for death was 2.5 (95% CI 

1.53—3.93) compared to CD < IIIB. 

 

 

Figure 5.  A. Progression-free survival in surgically treated patients B. Overall 
survival in surgically treated patients. 

Survival differences between groups were analyzed separately in stages III and IV. 

In stage III patients, no statistically significant difference was found in PFS, with 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 (p=0.085). Instead, there was a significant improvement in median OS for 

stage III patients with 36.1 months (95% CI 27.4—44.8) in Group 1 compared to 

Group 2, in which OS could not be reached (p=0.009). 

In stage IV patients, the change in the surgical approach did not associate with 

improved survival: PFS was 14.8 months (12.5—17.1) and 16.8 months (14.3—19.2) 

in Group 1 and 2, respectively (p=0.144). A minor, but not statistically significant 
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improvement in OS was seen with 32.0 months (16.4—47.7) and 39.3 months 

(24.8—53.8) in Group 1 and 2, respectively (p=0.691). (Figure 6.) 

Additionally, no OS benefit was seen after the surgical paradigm change in stage 

IV patients if residual tumor was > 0 cm: 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). 

 

 

Figure 6.  A. Progression-free survival in stage III. B. Overall survival in stage III. C. 
Progression-free survival in stage IV. D. Overall survival in stage IV. 

Survival outcomes were also compared between completely resected stage III versus 

stage IV patients in the second study group, where R0 rate for stage III was 54.1% 

and for stage IV 49.0%. Median OS for these patients in stage III was not reached, 

whereas was 54.5 months in stage IV (25.6—83.5, p=0.018). 

There were no statistically significant differences in OS or PFS between patients 

treated with primary or interval cytoreductive surgery in either study group. In Group 

1, OS for patients with PCS was 39.2 months (95% CI 28.7—49.6) and 29.7 months 

(95% CI 21.5—38.0) for ICS (p=0.142). PFS for PCS was 17.2 months (95% CI 

12.3—22.1) whereas 14.9 months (95% CI 12.9—16.9) for ICS (p=0.070). In Group 

2, OS for PCS was 48.5 months, while 95% CI could not be reached, whereas 54.5 
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months for ICS (95% CI 23.2—85.7), (p=0.288). PFS for PCS was 19.8 months (95% 

CI 17.9—21.6) and for ICS 16.0 months (95% CI 13.1—19.0), (p=0.137). (Figure 7.) 

When only patients with complete cytoreduction in the second study group were 

analyzed, OS for patients with PCS and R0 was not reached, while for patients with 

ICS and R0 was 48.0 months (95% CI 15.6—80.3), p=0.05. 

 

 

Figure 7.  Overall and progression-free survival in patients with primary 
cytoreductive surgery versus patients with interval cytoreductive surgery 
in both study groups separately. 
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5.3.3 Patients treated with chemotherapy only 

The changed criteria for patient selection to surgery versus chemotherapy only 

treatment in the second study group did not influence the median overall survival for 

patients who received only chemotherapy: OS was 23.9 months (95% CI 15.7—32.0) 

in Group 1 and 16.8 months (95% CI 9.0—24.6) in Group 2, p=0.421. (Figure 8.) 

 

Figure 8.  Overall survival in patients who received chemotherapy only. 
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6 DISCUSSION 

6.1 Treatment patterns 

During the six-year study period from 2013 to 2019, approximately 75% of the 

patients diagnosed with advanced epithelial ovarian cancer underwent surgical 

treatment in Tampere University Hospital. The changed surgical paradigm towards 

maximal cytoreductive surgery, introduced midway through the period, did not seem 

to significantly alter the proportion of patients to whom surgical treatment was offered. 

The extended surgical goal together with advances in cytoreductive surgical 

techniques would theoretically suggest that a greater proportion of patients could be 

treated surgically with a curative intent, despite the widespread cancer dissemination. 

However, in the real-world clinical practice, the increasing complexity of cytoreductive 

procedures and heightened requirements for surgical teams may lead to a decline in 

the proportion of surgically treated patients. It has been speculated that when surgical 

teams are evaluated by the achieved complete cytoreduction rates, operation times, 

postoperative morbidity and readmission rates, surgeons may become more hesitant 

to operate patients with extensive tumor load requiring more complex surgery. (Hall 

et al., 2019) 

Moreover, the intention to maximal surgical effort sets high requirements for 

patient selection. In our practice, the implementation of more aggressive surgical 

approach was accompanied by more structured criteria for patient selection: ASA 

classification of ≤ 2, age under 75 years and preoperative albumin level above 30 g/l. 

Patients who did not fulfill these criteria, were referred to neoadjuvant chemotherapy 

followed by later evaluation of interval cytoreductive surgery, to chemotherapy 

treatment without further surgical evaluation or straight to palliative care only, 

depending on the clinical context. 

Primary cytoreductive surgery was the preferred treatment approach in both study 

groups, 58% in Group 1 and 69% in Group 2. The slightly increasing trend, still 

statistically non-significant, likely suggests that more patients presenting with 

advanced disease were considered primarily operable, thereby reducing the need for 

NACT prior to surgery. Furthermore, most patients initially considered potential 

candidates for interval cytoreductive surgery after NACT, proceeded to surgery after 
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three cycles of chemotherapy in both study periods. However, a modest decline in 

this proportion from 87% to 78% was observed, likely attributable to stricter 

application of radiological response criteria after NACT under the structured surgical 

protocol. Comparable findings were reported from Memorial Sloan Kettering Cancer 

Center, where 28% of the patients receiving NACT were ultimately deemed ineligible 

for further cytoreductive surgery. The most common reason for withholding surgery 

was a poor response to chemotherapy also in their patient material. (Liu et al., 2019) 

In the present study cohort, 28% of the patients were considered ineligible for 

surgical treatment after the implementation of the maximal surgical effort strategy. 

The predominant reason for excluding surgery in both study groups was the presence 

of widespread carcinosis, which was regarded as non-operable according to the 

prevailing perception of operability. The proportion of patients deemed inoperable 

due the extensive disease decreased from 63% in the first group to 56% in the second 

group. Furthermore, the proportion of patients with stage IV disease who underwent 

surgery increased from 59% to 69% between the two study groups. These findings 

reflect that more advanced disease was considered operable in the second study 

group with increased surgical effort. 

Patients who are entirely ineligible for surgery have been infrequently represented 

in the literature evaluating the outcomes of maximal cytoreductive surgery. In 

published reports, the proportion of patients receiving chemotherapy only has varied 

between 10% and 30%, depending on the analyzed population. (Hall et al., 2019; 

Liontos et al., 2021; Phillips et al., 2019) 

The large population-based study from the Netherlands covering 25-year period 

found that 70% of patients with advanced stage underwent surgical treatment, while 

15% were treated with chemotherapy only. (Timmermans, Sonke, et al., 2018) 

Another Dutch study observed an increase in symptom-based treatment from 11% in 

2008 to 16% in 2016, with the proportion rising from 39% to 50% among patients 

aged ≥ 80 years. The percentage of patients with chemotherapy only remained stable 

around 15%. The only change in surgical care the authors presented was the 

centralization of surgical treatment in 2011, but whether it affected the criteria for 

surgical treatment and treatment decisions was not reported. (Zijlstra et al., 2019) 

A similar treatment distribution to our findings was reported in a study from UK, 

including 858 patients treated between 2007 and 2017, including the introduction of 

maximal surgical effort in 2008. (Phillips et al., 2019) The study reported that 71% 

underwent surgical treatment, while 29% received only chemotherapy or palliative 

treatment. In their cohort, half of the surgeries were classified as high complexity 

based on the Aletti SCS, aligning with our findings where 45% of procedures in Group 
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2 were defined as high complexity surgeries. However, treatment practices have 

been shown to vary substantially even between centers within the same country, for 

instance, two neighboring UK centers reported markedly different proportions of 9% 

and 36% of patients treated with chemotherapy alone, (Hall et al., 2019) 

Some studies have reported a decline in the rate of surgical treatment after the 

implementation of maximal cytoreductive surgery. A large retrospective French study 

included period from 2005 to 2009, during which shift towards complete cytoreduction 

was implemented, and period after 2009, when complete cytoreductive surgery was 

widely accepted. This study showed that total 86% of the patients underwent surgical 

treatment during the 30-year follow-up period, with proportion of surgically treated 

patients decreasing from 90% before year 2009 to 77% after year 2009. (Delga et al., 

2020) Similarly, a Swedish population-based study reported decreased rate of 

surgically treated women from 75% to 66% after the surgical paradigm change. 

(Falconer et al., 2020) 

Age of the patient is one of the main factors influencing treatment decisions in 

advanced EOC. In clinical practice, an indicative threshold of 75 years is frequently 

considered, based on data from multiple studies evaluating treatment-related 

complications and survival outcomes in elderly patients with advanced disease. 

Whether the functional rather than chronological age should guide the treatment 

decisions in advanced EOC has been widely debated in the previous literature. 

Elderly patients with EOC constitute a highly heterogenous population with large 

variability in functional reserve, comorbidities and geriatric obstacles. While lower life 

expectancy may be a factor in withholding surgery in very elderly patients, age alone 

should not be a contraindication for curative surgical treatment. (Fanfani et al., 2012) 

Studies have demonstrated that patients over 75 years who are fit enough to undergo 

surgical treatment, can achieve complete cytoreduction as frequently as younger 

counterparts. However, older age has been linked to increased vulnerability, 

contributing to poorer tolerance to extensive cytoreductive surgery and its potential 

complications which results in worse overall survival despite the surgical treatment. 

(Kumar et al., 2017; Moore et al., 2008; Sia et al., 2023; Thrall et al., 2011) As 

opposite to the younger women, ICS is more frequently favored over PCS, reflecting 

the tailored approach to potentially reduce morbidity related to surgery. (Fanfani et 

al., 2012) Also, when biological age increases, elderly patients are less likely to 

complete the recommended treatment, as it has been estimated that only 5% of 

patients over 75 years complete the entire standard treatment with surgery and 

chemotherapy without any modifications. (Van Walree et al., 2019) 
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In our cohort, only a minority of patients declined surgical intervention despite it 

being the recommended treatment modality. Integrating patients’ individual values 

and preferences should be in the cornerstone in the decision-making process in the 

context of advanced cancer. It is essential to critically evaluate whether the 

anticipated benefits of aggressive surgical management outweigh the potential risks 

related to treatment, including rehabilitation process and potential complications. 

Whereas younger patients are generally more likely to pursue aggressive treatment, 

older patients may prioritize symptom management and overall quality of life, if the 

benefit from surgery is expected to be marginal. 

Studies have demonstrated that patients’ choice for treatment are highly 

influenced by the recommendations from the doctor, underscoring the importance of 

transparent and thorough information regarding the potential benefits, risks, and long-

term effects of the treatment. (Puts et al., 2015) A study conducted in the USA 

reported that 16% of patients chose not to undergo surgery, with the predominant 

reason being the desire to prioritize quality of life. (Liu et al., 2019) Among patients 

over 75 years with an indication for cytoreductive surgery and further chemotherapy, 

this proportion has reported to be even higher, with more than one-third receiving 

only palliative care, primarily due to patient’s preference or poor physical condition. 

(Van Walree et al., 2019) 

6.2 Surgical procedures and cytoreduction rates 

The change in the surgical paradigm resulted in a higher rate of extensive surgical 

procedures, as peritoneal diaphragmatic stripping, large and small bowel, liver and 

splenic resections and cardiophrenic lymph node dissections. The most pronounced 

increase was observed in large bowel resections, rising from 13% to 42%, and in 

colonic stoma formation, which increased from 3% to 35%. 

The pursuit of maximal cytoreduction increased the overall surgical complexity, 

with 81% of surgeries in the later cohort classified as “intermediate” or “high” 

complexity surgeries. Additionally, the median operation time doubled from 161 to 

342 minutes, also reflecting the extended surgical intervention. 

The implementation of extensive surgical procedures resulted in a threefold 

increase in the rate of complete cytoreduction, rising from 17% to 52%. Among the 

latter patient cohort, the goal of removal of all macroscopic disease was achieved in 

54% of stage III and 49% of stage IV patients. Consequently, the rate of suboptimal 

cytoreduction decreased to one in four, from 62% in Group 1 to 15% in Group 2. This 
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improvement was mostly due to the incorporation of resection of upper abdominal 

disease, which was previously deemed unresectable, but considered operable with 

the new surgical paradigm. 

In the second study group, complete cytoreduction was achieved more often with 

ICS than PCS (59% vs. 49%), the same finding that have been reported in several 

studies earlier. (Fagotti et al., 2020; Medina-Franco et al., 2017; Rauh-Hain et al., 

2012) This may reflect the effective treatment response of NACT making 

cytoreductive surgery more feasible, or the more appropriate and stricter patient 

selection for interval surgeries after NACT compared to primary setting. 

Nevertheless, it should be observed that perioperative estimation of tumor spread 

may not be as reliable after NACT compared to primary surgery (Hynninen, et al., 

2013) 

Robust evidence indicates that the extent of residual tumor is the most important 

prognostic factor in advanced EOC. Studies have shown that extensive surgical effort 

increases the likelihood of complete removal of macroscopic tumor, which should 

always be the goal of surgery, whether achieved by PCS or ICS. (Aletti, Dowdy, et 

al., 2006; Bois et al., 2009; Bristow et al., 2002; Bryant et al., 2022; Chang et al., 

2013; Chiva et al., 2016; Eisenkop et al., 1998) Our findings are in line with the 

previously published studies demonstrating the complete cytoreduction rates from 

41% to 67% with the maximal surgical effort. (Falconer et al., 2020; Peiretti et al., 

2012; Phillips et al., 2019; Tseng et al., 2018) 

The Cochrane systematic review from 2022 concluded that achieving complete 

tumor removal (R0), but also small amount of residual disease (0,1—1 cm or R1) 

after PDS was associated with improved survival and can be regarded as acceptable 

surgical result. The review showed that with IDS, survival was only improved when 

R0 was achieved, as any residual disease was associated with poorer survival, 

indicating that achieving R1 did not result any survival advantage compared to 

suboptimal residual disease (residual tumor more than 1 cm or R2). (Bryant et al., 

2022) 

Previously published studies have similarly shown improved cytoreduction rates 

following the implementation of new maximal effort surgical protocol. Similar 

improvements compared to our results have been reported from Memorial Sloan 

Kettering Cancer Center, where the incorporation of more aggressive surgical 

procedures, such as upper abdominal surgery and cardiophrenic lymph node 

resection, into the surgical armamentarium increased the rate of complete 

cytoreduction from 29% to 55%. (Tseng et al., 2018) Harter et al. reported the 

increased rate of complete cytoreduction from 33% to 62% after the implementation 
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of quality management program. (Harter et al., 2011) Among others, the program 

included formation and education of dedicated surgical teams, routine consultation of 

visceral surgeon and routine second opinion from experienced gynecological 

oncologist, if patients were deemed unresectable. 

Beyond the surgeons’ competence, high-quality surgical treatment of advanced 

EOC requires a highly specialized and dedicated multidisciplinary team and a well-

organized health care infrastructure. Achievement of optimal outcomes need 

standardized surgical protocol, advanced perioperative care and a collaboration with 

skilled anesthesiologists, surgical nurses, physiotherapists, and other health care 

professionals. (Aletti, Gostout, et al., 2006) Multidisciplinary surgical expertise is 

essential as studies have demonstrated that surgeons from other specialties are 

involved in approximately 60% of cytoreductive procedures, which has been 

associated with an increased likelihood of achieving complete cytoreduction, 

particularly in primary cytoreductive surgeries. (Drouin et al., 2021; Mulligan et al., 

2024) 

The likelihood of achieving complete cytoreduction may be influenced by multiple 

factors, with the most critical factor being the characteristics of the study population 

and the patient selection criteria for surgery. Cytoreductive outcomes can vary 

substantially depending on whether the cohort includes patients with extensively 

disseminated disease and significant comorbidities, compared to those with less 

advanced disease and patients with better performance status. The extent of the 

disease at the presentation, as well as patient’s nutritional and health status 

significantly impact the safety and feasibility of the surgical effort and must be 

considered when comparing the cytoreduction outcomes across studies. 

Higher rates of complete cytoreduction observed in selected cohorts may also be 

the result from reluctance to operate patients with most advanced disease, leading 

to less demanding surgery and higher probability for complete cytoreduction as well 

as lower rates of major complications. (Hall et al., 2019) Additionally, the assessment 

of residual disease relies on the subjective intraoperative judgment of the surgeon. 

Lack of experience may result in underestimation of the residual disease, particularly 

in anatomically complex regions in the upper abdomen, thereby acting as a potential 

source of bias. It has been established that subspecialization of the physician and 

enhanced surgical training are associated with greater likelihood of complete tumor 

removal and better survival outcomes. (Bilimoria et al., 2009; du Bois et al., 2009; 

Escayola et al., 2018) 



 

89 

6.3 Surgery-related complications 

Postoperative morbidity is a major concern related to cancer surgery due to its 

potentially negative impacts on the patient’s prognosis, by either directly increasing 

mortality risk or hindering recovery to the extent that adjuvant chemotherapy cannot 

be initiated. Following the implementation of extensive cytoreductive surgery, the 

overall incidence of postoperative complications in our cohort increased from 67% to 

86%, with threefold risk for any complications compared to patients treated with 

standard surgery. Despite this, majority of the postoperative morbidity was classified 

as minor. The most frequently observed complications included those manageable 

with antibiotics, blood transfusions, or minor operations under local anesthesia, such 

as thoracocentesis. These common events typically do not necessitate any intensive 

intervention and have only minimal impact on overall recovery period after surgery. 

As a consequence of the increased complexity of surgical treatment, the incidence 

of major complications, defined by Clavien-Dindo grades IIIB to V, increased 

significantly from 9% to 17%. Most of these major complications were related to bowel 

surgery, performed in approximately half of the patients in the second study cohort. 

Large bowel resection or bowel anastomosis were associated with fivefold increased 

risk of complications, and over 90% of these patients experienced some 

postoperative complication. In Group 2, bowel anastomosis resulted in anastomotic 

leakage rate of 11.5%, which is somewhat higher than reported in previous studies 

and meta-analysis of anastomotic leakage following bowel resection in ovarian 

cancer surgery. (Valenti et al., 2022) In total, our complication rates are in line with 

previously reported results in cytoreductive surgeries varying from 6% to 48%. (Chi 

et al., 2010; Dabi et al., 2020; Di Donato et al., 2021; Heikkinen et al., 2024; Phillips 

et al., 2019; Xu et al., 2019) 

In our cohort, peritonectomy was associated with an increased risk of 

complications, likely reflecting the cumulative effect of other simultaneous 

procedures. Complication rates in OC surgery appear to be highly associated with 

extensiveness of the entire surgical treatment, rather than any specific procedure. 

(Phillips et al., 2019) This must be considered when interpreting the results across 

studies, as heterogeneity in surgical complexity can have a significant influence on 

morbidity rates. In cohorts consisting predominantly of patients undergoing less 

extensive surgery, also lower rates of postoperative complications are assumed. An 

example of a study with low complication rate is a study by Palmqvist et al from 

Sweden, where the complication rate reported was only 11%, which may reflect the 

lower surgical complexity as only 31% of the patients underwent upper abdominal 
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procedures and the majority had stage III disease. (Palmqvist et al., 2022) Similarly, 

the study by Di Donato et al. reported the complication rate of 33%, but only 19% of 

the patients had high complexity surgery as assessed by Aletti SCS. (Di Donato et 

al., 2021) This may explain the significantly lower complication rates compared to our 

results with high proportion of stage IV patients and 45% of patients who underwent 

high complexity surgery. 

Although ICS has been suggested to be associated with reduced postoperative 

morbidity, this was not observed in our findings with similar rates of both all 

complications and major complications in patients operated with PCS or ICS. This 

may reflect the institutional concept that every scar or sign of carcinosis that has 

responded to chemotherapy is considered as active disease that needs to be 

removed, thus resulting in similar complexity surgeries. (Hynninen et al., 2013) Also, 

when the patient is selected for ICS, she is considered to tolerate the maximal 

surgical effort. Similar findings have been reported in the Dutch study, which found 

that major postoperative complications defined as CD ≥ III were as common in PCS 

compared to ICS. (Baldewpersad Tewarie et al., 2021) 

The substantial variation in reported morbidity rates may, in part, reflect 

differences in the time definition of complications. A notable limitation of the 

commonly used Clavien-Dindo classification is its restriction to account only 

complications within 30 days after surgery, potentially underestimating the true 

incidence of complications by ignoring events with delayed onset. Some studies have 

stratified complications into early (within 30 days) and late (between 30 to 60 days 

from surgery), and mortality outcomes assessed up to 90 days from surgery. (Di 

Donato et al., 2021) Such extended follow-up may provide a more accurate 

observation of the postoperative events. 

The reported proportion of complications may also be influenced by the 

completeness and accuracy of data collection. Complications may be underreported 

if patients seek treatment outside the primary operating institution, when events may 

be not registered in the patient records. Prolonged hospital stay has also been 

suggested to influence the reporting of complications. (Baldewpersad Tewarie et al., 

2021) Due to the use of comprehensive database and systemic collection of data 

from local hospitals, we assumably have been able to record most of the 

complications after surgeries in our institution, which may partly explain the relatively 

high complication rate. 

A recent study Finnish study reported a major complication rate of 41% with 

extensive cytoreductive surgery. (Heikkinen et al., 2024) More than a half of 

complications were classified as CD IIIA, most frequently due to pleural effusion. 
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Consistent with our findings, major complications in the study were associated with 

extensive procedures as diaphragmatic peritonectomy, rectosigmoid resection and 

multiple bowel resections. Furthermore, severe postoperative morbidity was shown 

to delay the initiation of chemotherapy to 42 days. In comparison, our study reported 

the rate of major complications of 17%; however, our classification included only CD 

≥ IIIB, excluding the most common CD IIIA complications. If CD IIIA was also included 

in our analysis, the rate of major complications would increase to 42%, closely 

aligning with their findings. 

Although postoperative complications are common after extensive surgery, most 

of these are managed without any significant delay in postoperative recovery. The 

principal concern related to complications is the potential risk for delay of 

chemotherapy initiation, which has been associated with decreased survival, 

especially in patients with residual tumor. (Hofstetter et al., 2013; Tewari et al., 2015) 

The delay has been shown to negatively impact overall survival particularly in cases 

where postoperative morbidity entirely precludes the initiation of adjuvant 

chemotherapy. (Castro et al., 2018) 

In our cohort, statistically significant delay of one day in the chemotherapy 

initiation was observed in the extensive surgery group, with a median interval of 36 

days compared to 35 days in the standard surgery group. Furthermore, patients with 

severe complications had median interval of 42 days between surgery and 

chemotherapy initiation, exceeding the recommended one-month threshold 

associated with optimal survival outcomes. (Chetverikov et al., 2020) In our study 

population, the occurrence of major complications (CD ≥ IIIB) was associated with 

2,5-fold risk for death compared to those with CD < IIIB, which emphasizes the 

importance of the need to balance between the goal of complete cytoreduction and 

attempts to prevent the postoperative morbidity caused by aggressive surgery, that 

can lead to delayed initiation of further medical treatment. 

A large retrospective analysis by Seagle et al, including 45,001 patients, showed 

that chemotherapy delay over 35 days was associated with 7% increased risk for 

death. They also reported that the risk was lowest, when chemotherapy was initiated 

between 25 to 29 days after surgery. (Seagle et al., 2017) In addition, a study by 

Timmermans showed that initiation of chemotherapy beyond 37 days postoperatively 

was associated with worse survival compared to initiation within 37 days. 

(Timmermans, van der Aa, et al., 2018) 

In the majority of EOC cases, the survival benefits of extensive cytoreductive 

surgery outweigh the potential risks associated with surgery-related complications. 

(Xu et al., 2019) However, concerns remain related to complications that must be 
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carefully assessed before surgical intervention. Complications, particularly those 

resulting in reoperations, not only have the potential to negatively impact survival, but 

also inevitably increase costs of treatment and affect patients' quality of life. Accurate 

identification of patients in whom the surgical risks exceed the anticipated benefits is 

essential in optimizing outcomes, as even the highest level of surgical expertise 

cannot fully compensate the consequences of inappropriate patient selection. These 

considerations highlight the importance of comprehensive preoperative evaluation 

and multidisciplinary decision-making in ovarian cancer surgery. 

6.4 Survival 

6.4.1 Surgically treated patients 

The results from this retrospective analysis showed that the changed surgical 

protocol and implementation of extensive cytoreductive surgery resulted in 

significantly improved overall survival in surgically treated patients with advanced 

epithelial ovarian cancer. After the surgical paradigm change, an increase of 21 

months in overall survival in surgically treated patients was achieved compared to 

patients operated with standard surgery, from 33.5 to 54.5 months. 

The data showed that improved survival was observed only when analyzing both 

stage III and stage IV as a same entity. When assessing survival separately in these 

subgroups, OS benefit seemed to be limited in stage III patients, in whom the median 

OS in the second study cohort during follow-up period could not be reached. The 

changed surgical paradigm did not seem to associate with improved survival in stage 

IV patients, as OS increased seven months from 32 to 39 months, but this did not 

reach statistical significance. As the survival was influenced by the amount of residual 

tumor and the medical treatment stayed practically unchanged, it is reasonable to 

assume that the improvement in survival in the second group was mainly a result 

from the change in surgical approach. 

PCS was the most used approach for surgical treatment in both study periods, 

and the PCS/ICS rate did not significantly change between compared groups. In the 

subgroup of stage III, PCS was more common in both study periods, while in stage 

IV patients, the proportion of PCS slightly increased from 45% to 55%, although the 

difference was not statistically significant. 
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OS in patients with PCS was found to be slightly lower than patients with ICS, 

48.5 months compared to 54.5 months, but this difference did not reach statistical 

significance. Also, OS for patients with complete cytoreduction did not differ 

statistically significantly between patients treated with PCS or ICS. The median OS 

in PCS with R0 was not yet reached, while was 48 months in ICS with R0. This is in 

line with the previous studies reporting the median OS in patients with complete 

cytoreduction after IDS up to 51 months, suggesting that the surgical quality at our 

institution is in line with the standards reported in comparable studies. (Phillips et al., 

2018; Winter et al., 2008) 

Numerous preceding retrospective studies have similarly demonstrated improved 

survival in advanced EOC with implementation of maximal surgical effort leading to 

complete removal of the tumor. (Aletti, Dowdy, et al., 2006; Bois et al., 2009; Chang 

et al., 2012; Chi et al., 2009; Harter et al., 2011; Tseng et al., 2018) Correspondingly 

to our results, the positive survival effect of programmatic change in surgery of 

advanced EOC with increased rates of complete cytoreduction, the median survival 

rates have improved 11-19 months. (Chi et al., 2009; Harter et al., 2011; Tseng et al., 

2018) These results emphasize the essential role of cytoreductive surgery in 

treatment of advanced EOC. 

The median OS in patients with complete cytoreduction was not yet reached in 

stage III and PCS subgroups, while was 54.4 and 48.0 months in stage IV and ICS 

subgroups, respectively. In previous literature, the achievement of complete 

cytoreduction has reported to result in the median overall survival from 70 months to 

up to 99 months in selected patient cohorts. (Bois et al., 2009; Peiretti et al., 2012; 

Tseng et al., 2018) 

There remains no prospective evidence to support extensive cytoreductive 

surgery, but the data supporting this surgical approach is based on retrospective 

analyses showing that no residual tumor associates with the best survival rates. 

Retrospective comparison studies between standard and extensive surgical effort 

have been criticized for that the decision to perform simple or radical surgical 

procedures has been the surgeon’s choice during surgery, and patients with better 

overall health and lesser disease burden may have been selected to undergo more 

aggressive surgery, thus achieving the best survival results. (Aletti, Dowdy, et al., 

2006; Chang et al., 2012) In addition, previous analyses have consisted of carefully 

selected patient cohorts from high-volume and highly experienced surgical centers 

with strict patient selection criteria for surgical treatment. Survival data are often 

reported without specifying the population from which the surgical cohort was derived 

or detailing the selection criteria for cytoreductive surgery. 
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Also, patients receiving treatment in hospitals participating in clinical studies have 

been shown to have superior survival outcomes compared to those treated in non-

trial settings. (Bois et al., 2005) This is hypothesized to result from enhanced 

institutional infrastructure, increased motivation of surgeons and greater adherence 

to quality assurance programs. (Querleu et al., 2017) Further, patients in these 

studies present with less advanced disease, some studies including even stage II 

and as a result, the need for extensive surgery to achieve complete cytoreduction 

has been lower. (Chi et al., 2009; Eisenkop & Spirtos, 2001a) Studies that have 

included stage IV patients, their representation has been limited, ranging from 7% to 

19%. (Chang et al., 2012; Chi et al., 2009; Tseng et al., 2018) 

The survival benefit of extensive surgery in advanced EOC outside these carefully 

selected patient cohorts remains somewhat unclear. The outcomes of 

implementation of maximal surgical effort in highly specialized, high-volume 

institutions with very strict patient selection may not be directly generalizable to real-

world setting, particularly in smaller centers with unselected population-based patient 

cohorts. Consequently, it is not unexpected that the survival results from studies 

conducted in different circumstances may differ if the study population is derived from 

patients with high possibility of complete cytoreduction compared to population-

based survival data from centers where all patients are treated with the attempt for 

cytoreductive surgery. 

One of the main differences in our population compared to previous studies 

supporting extensive surgical effort was the relatively large proportion of stage IV 

patients, representing 41% of the surgically treated and 43% of the entire group of 

patients in the second group. The results of surgical outcomes and survival in stage 

IV patients have rarely been reported in previous literature, as the proportion of stage 

IV in these studies has been low and the surgical and survival results are often 

presented as advanced stages combined as one. (Aletti, Dowdy, et al., 2006; Chi et 

al., 2009; Cummins et al., 2022; Dahm-Kähler et al., 2021) Therefore, the effect of 

programmatic surgical paradigm change on stage IV patients has remained rather 

unclear. 

Our results show that even though the doubled rate of complete cytoreduction in 

stage IV patients from Group 1 to Group 2, no improved survival from the 

implementation of extensive surgical effort was observed in the subgroup of stage IV 

patients. 69% of all stage IV and 75% of stage IVB patients were referred to surgical 

treatment after the implementation of new surgical paradigm (Group 2), compared to 

59% and 55% in the time of standard surgery (Group 1). Also, in the cohort of new 

surgical paradigm, R0 was achieved nearly as commonly in stage IV (49%) than in 
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stage III patients (54%). This reflects the fact that more advanced disease distribution 

was considered operable with new surgical approach. 

The median OS for stage IV patients with complete cytoreduction in the present 

study was 54 months, which is in line with reported median OS of 55 months in stage 

IV patients with complete tumor removal by Wimberger et al. (Wimberger et al., 

2010). Higher OS of 64 months in stage IV patients with complete cytoreduction has 

been reported by Winter et al. (Winter et al., 2008) This may be explained by the 

study design that was retrospective analysis of patients who had taken part in RCT 

comparing chemotherapy regimens, thus representing patients with strictly selected 

patient material with good health status, reflecting very different setting to the real-

world clinical practice, as in our study. 

Stage IV patients have been shown to carry a poorer prognosis compared to stage 

III disease, even when the complete cytoreduction is achieved. (Bois et al., 2009; 

Hamilton et al., 2011; Horowitz et al., 2015) It is unclear whether this is a result from 

the distant metastases, more aggressive tumor biology or poorer overall health status 

of these patients. (Sørensen et al., 2019) As stage IV patients represent very 

heterogenous patient population, it is suggested that stage IV patients with different 

metastatic patterns should be separated into subgroups of good and poor prognosis. 

(Ataseven, Chiva, et al., 2016) It has also been debated that the FIGO staging system 

may be too coarse to accurately reflect the extent of the disease and that the same 

stage can represent largely variable cancer distribution. (Bryant et al., 2022) This can 

potentially limit the utility of stages in distinguishing variations in the tumor burden 

and therefore, comparing treatment between stages may be misleading. 

Previous studies have shown slight survival benefit from extensive cytoreductive 

surgery in stage IV patients, but only with amount of tumor residual < 1 cm. 

(Ataseven, Grimm, et al., 2016; Sørensen et al., 2019) Ataseven et al. studied the 

impact of PCS and residual disease on survival in stage IV patients. Complete 

cytoreduction was achieved in 54.9% of patients with median OS of 50 months. Their 

conclusion was that stage IV patients do benefit from extensive debulking surgery if 

the tumor residual < 1 cm is achieved. Patients with suboptimal cytoreduction would 

have done better without any surgery, with OS 16 months vs 19 months in patients 

with no surgery.  

The extent to which extensive cytoreductive surgery adds survival benefit to 

systemic chemotherapy in patients with stage IV has been occasionally questioned. 

It has been suggested that patients with extensive disease or significant morbidity 

may have superior survival when treated non-surgically compared to surgical 

treatment. Also, patients with stage IV undergoing surgery with residual tumor > 1 cm 
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have demonstrated survival rates similar to those treated with chemotherapy alone, 

indicating that aggressive surgical intervention may not always be universally 

beneficial in this subgroup. (Ataseven, Grimm, et al., 2016; Shalowitz et al., 2016) 

The extensive surgery may associate with improved OS, but whether the 

increased survival is a direct effect of extensive cytoreductive surgery leading to 

complete cytoreduction, or if the better survival is associated with cases with less 

aggressive tumor and lesser disease burden to achieve complete cytoreduction more 

easily, remains unclear. Patients who achieve complete cytoreduction and 

consequently improved survival frequently represent a subgroup of patients with 

lower initial disease burden. It has been speculated that the feasibility of complete 

tumor removal and better survival in these cases may be attributable to less 

aggressive tumor biology and greater chemosensitivity. (Jayson et al., 2014) In 

addition, patients with BRCA-mutation have been shown to have improved survival 

compared to BRCA wild-type patients undergoing cytoreductive surgery. (Rudaitis et 

al., 2014) 

Advanced stage at diagnosis is considered not to only reflect the tumor 

dissemination, but also an indicator for intrinsic biological aggressiveness of the 

disease, as the need for extensive surgical procedures, fox example diaphragm 

stripping and wide excision of mesenteric and serosal implants, has been shown to 

correlate with diminished survival. (Aksan et al., 2024; Eisenkop & Spirtos, 2001a) 

These suggests that initial tumor burden and aggressiveness of the tumor biology 

may play a major role in survival, potentially surpassing the survival benefit conferred 

by maximal surgical effort. 

These findings suggest that stage III and stage IV may be considered as distinct 

entities in future research, particularly when evaluating the impact of extensive 

cytoreductive surgery on survival outcomes. 

6.4.2 Entire patient cohort 

While the evolution of surgical management of advanced EOC has led to improved 

survival of selected surgically treated patients during past decades, the survival of 

the whole patient group has not improved in the similar way. In our study cohort, the 

changed surgical paradigm towards maximal cytoreductive surgery did not seem to 

improve the survival of the entire cohort of patients with advanced EOC. When the 

entire group was analyzed, the median overall survival showed an increasing survival 

trend of four months (from 33 to 37 months) after the shift to extensive cytoreductive 
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surgery, but this difference did not reach statistical significance. Despite the tripling 

of the complete cytoreduction rate and improved survival observed in surgically 

treated stage III patients, no survival benefit in the whole group was seen when 

medically treated patients and surgically treated stage IV patients were included in 

the analysis. 

Chemotherapy only was given in 18% and 21% of the patients in Group 1 and 

Group 2, respectively. The prognosis of patients deemed unsuitable for surgery 

remained dismal and showed no improvement over the study period.  Even though 

not statistically significant difference, patients treated with chemotherapy only in the 

era of new surgical paradigm showed 7 months worse median overall survival 

compared to previously treated patient group (23.9 vs. 16.8 months). This is an 

extraordinary finding that cannot be fully expounded. It would be possible that some 

patients who previously would have stayed in this group receiving chemotherapy 

only, were regarded as operable in the second study period thus representing now in 

the surgically treated cohort. 

When evaluating the impact of implementing maximal surgical effort on patient 

selection and overall survival, similar findings compared to ours have been reported 

from Sweden. Falconer et al. reported a statistically significant rise in the proportion 

of non-surgically treated patients, increasing from 24% to 33%, in contrast to the 

findings in our study cohort. Consistent with our results, their study demonstrated a 

nearly doubled rate of complete cytoreduction from 37% to 67%. However, despite 

these advancements, no statistically significant improvement in overall survival of the 

whole patient cohort was observed after the introduction of extensive cytoreductive 

surgery at their institution. (Falconer et al., 2020) 

Comparable findings have been reported from the Netherlands, indicating that 

despite the intensive treatment, the long-term survival in advanced EOC did not 

improve during the 25-year study period, despite the 82% rate of complete or optimal 

cytoreduction. Their results implicated that receiving current standard treatment 

resulted in prolonged disease control, but not better chance for cure from the disease. 

(Timmermans, Sonke, et al., 2018) Other follow-up studies that have extended the 

follow-up up to 10 years, have likewise failed to show improved survival rates in the 

overall patient cohort. (Trétarre et al., 2015; Van Altena et al., 2012) 

On the contrary, some population-based studies have showed improved survival 

for advanced stages after the implementation of maximal cytoreductive surgery and 

comprehensive surgical protocol, but with 5-times higher proportion of stage III than 

stage IV. (Hamidou et al., 2010) The study by Hall et al. has reported the mean OS 

for entire population of 32 months, consistent with findings from our population. (Hall 
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et al., 2019). The median OS for patients not undergoing surgical treatment has 

varied from 10 to 17 months. (Dahm-Kähler et al., 2021; Delga et al., 2020; Liu et al., 

2019; Phillips et al., 2019) 

To comprehensively evaluate the impact of surgical treatment and the treatment 

patterns in advanced EOC, it is essential not only to assess the surgical variables, 

such as hospital volumes, complete cytoreduction rates and complications, but also 

include the data on patients who do not undergo surgery. Studies should report the 

criteria and processes used for patient selection for surgical treatment, whether it was 

made by the surgeon, multidisciplinary team or the patient. Furthermore, it is essential 

to clarify whether the study cohort represents a referred and potentially preselected 

patient population, or the entire population within a defined catchment area. More 

population-based data are needed to evaluate outcomes and ensure transparency, 

which is fundamental for assessing the generalizability of study findings. 

The diminished prognosis associated with extensive disease dissemination may 

not be fully compensated even with the most advanced surgical techniques. Studies 

have established that carefully selected patients do obtain survival benefit from 

expanding surgical expertise, but it appears unlikely that focusing solely on this group 

by the means of more advanced surgery or optimizing surgical treatment would 

provide additional survival advantage for the entire population. Currently, up to one-

third of woman with the disease are not applicable for surgical treatment and in order 

to improve survival of the entire cohort, greater effort should be made to reduce this 

proportion of patients. 

6.5 Strengths and limitations 

The main strength of the studies in this thesis is the use of high-quality and 

comprehensive patient database, including all patients diagnosed with advanced 

EOC within the catchment area. This ensures high population coverage of patients 

with the disease, including those who did not receive any cancer-specific treatment. 

Consequently, the probability of missing data is low, enhancing the reliability of the 

findings. These data provide reliable real-world evidence on an unselected patient 

cohort with advanced EOC, the reporting of which has been uncommon so far in 

preceding studies regarding modern cytoreductive surgery. 

Another important strength lies in the Finnish healthcare system, in which 

gynecologic oncologists are responsible for the entire treatment path of advanced 

EOC, including both surgery and medical treatment, allowing coherent treatment 
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planning and evaluation of follow-up outcomes. This differs from many other 

countries where surgical and medical therapy are divided between separate 

specialties. 

Furthermore, the publicly funded healthcare system with minimal client fees that 

are not based on the actual cost of services, ensures that even the most complex 

healthcare, surgical treatments and adjuvant therapy are accessible to all, regardless 

of wealth or insurance status. This ensures that treatment decisions are made based 

only on clinical indications rather than patients' socioeconomic status, thereby 

reducing selection bias and allowing for equitable access to treatment. 

The major limitation of this thesis is the retrospective design of all studies. 

Although prospective studies are considered the gold standard for evaluating 

treatment outcomes, these are rare entity in the context of advanced EOC. RCTs 

often require strict inclusion criteria, which tend to favour the enrolment of healthier 

patients in the studies. Moreover, the preoperative heterogeneity in the distribution of 

the disease, patient’s health and performance status, individual surgical risks as well 

as the competence of the surgical teams makes the standardisation challenging, 

thereby limiting the applicability of the findings to the real-world clinical practice. 

Given the significant survival benefits demonstrated with implementation of 

maximal cytoreductive surgery in the treatment of advanced EOC, it is highly unlikely 

that RCTs comparing standard versus extensive cytoreductive approaches will be 

ethically or practically feasible in the future. In this context, population-based 

observational studies, including unselected patient cohorts with advanced disease, 

offer the next-best approach to assess the real-world effectiveness of surgical 

interventions. 

Another limitation is the relatively small sample size of the cohort, which may limit 

statistical power and generalizability of the results. Additionally, not defining any 

wash-out period after implementation of new surgical approach may act as a source 

of time-based bias. It would be valuable to re-evaluate the rates of complete 

cytoreduction as well as survival rates after clinical experience has been accumulated 

and treatment protocols have become more standardized. Bias related to before-after 

study designs require specific delineation between the pre- and post-intervention 

periods, yet in real-life setting, implementation of new treatments tends to occur 

gradually rather than instantly. This could lead to selection bias due to changes in 

practice patterns over time. These limitations highlight the importance for broader 

international reporting of real-world data outcomes from both high and low-volume 

centers, which is essential to further validate surgical strategies in advanced EOC. 
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6.6 Future aspects 

Efforts to improve survival in patients with advanced EOC are approaching the limits 

of benefits achievable through surgical interventions. To further improve the 

effectiveness of surgery, future research should focus on optimizing the patient 

selection, identifying patients who likely benefit from extensive surgery, as well as 

identifying those with highest risk for morbidity, overall health decrease and effects 

on quality of life. In addition to further evaluating the real-world outcomes and clinical 

benefits of extensive cytoreductive surgery in advanced EOC, there remain several 

controversies that require more clarification in future research. 

Methods for early detection of OC are highly needed. The development of 

sensitive and specific biomarkers for population-level screening, or utilization of 

circulating tumor DNA, could be potential approaches for improving earlier diagnosis 

and lead to better outcomes. Additionally, genomic profiling would be promising way 

to identify patients who do or may not benefit from maximal cytoreductive surgery. 

Advancements in artificial intelligence would potentially enhance preoperative patient 

selection by improving the prediction of surgical operability and identifying patients at 

risk for postoperative complications or delayed recovery. 

It is highly assumable that the medical treatment of EOC will develop in the future 

towards personalized treatment due to the increasing knowledge of genetic mutations 

and evolution of targeted therapies. The combination therapies as PARP inhibitors, 

immunotherapy and novel targeted therapies, such as antibody-drug conjugates, 

may act as promising future agents for improving outcomes of advanced EOC. 

To comprehensively evaluate the effectiveness of surgical treatment in advanced 

cancer, it is essential to include patients’ perspectives through shared decision-

making. Patient-centered treatment requires that individual preferences and quality 

of life considerations are integrated into treatment planning, particularly when 

assessing the potential benefits and risks of extensive surgical interventions. 

Given the expanding complexity and expense of modern cancer therapies, 

including both surgical and medical treatment, the economic burden of cancer care 

needs increasing attention in future oncological research. As population is constantly 

aging and the incidence of cancer rising, healthcare systems face growing pressure 

to provide effective care with limited resources. In advanced EOC, where extensive 

cytoreductive surgery is associated with increased morbidity, prolonged hospital stay, 

and high treatment costs, it is crucial to evaluate the cost-effectiveness of the 

interventions in relation to the survival benefits. 
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The adoption of robotic surgery in gynecology has expanded in recent years, and 

it has been explored as a minimally invasive alternative to open cancer surgery, 

especially for ICS. While preliminary data suggests potential benefits in terms of 

enhanced recovery, the long-term oncologic advantages and limitations of robotic-

assisted cytoreduction require further evaluation. (Psomiadou et al., 2021) 

Additionally, although not yet part of standard treatment, HIPEC may have the 

potential to become integrated into ovarian cancer surgery, and results from ongoing 

studies evaluating its use in primary surgery are expected in the near future. 

Until more advanced diagnostic and therapeutic strategies are available, the goal 

in the treatment of advanced EOC should be to ensure that the best treatment based 

on current knowledge is available to all patients at the right time of the disease. From 

a surgical perspective, appropriate and right-timed patient selection, high quality 

surgery aiming for complete tumor removal and optimized perioperative care remain 

the cornerstones of the treatment. 
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7 CONCLUSIONS 

This dissertation presents the population-based real-world data on the effects of 

implementation of extensive cytoreductive surgery in the treatment protocol of 

advanced epithelial ovarian cancer in a tertiary referral university hospital.  

During the study period, the majority of patients underwent surgical treatment and 

the proportion of surgically versus non-surgically treated patients did not significantly 

change after the implementation of the new surgical paradigm. 

Implementation of extensive cytoreductive surgery resulted in an increased rate 

of high complexity surgeries, which led in the tripled rate of complete cytoreduction 

of surgically treated patients. 

The changed surgical approach improved both progression-free and overall 

survival of surgically treated patients, when stage III and IV were considered as the 

same entity. When the stages were analyzed separately, the survival benefit of 

implemented extensive surgery was limited only to stage III patients. Regardless the 

increased surgical results and the improved survival of stage III patients, no benefit 

for the entire patient cohort of advanced EOC was seen after the surgical paradigm 

change. 

After the implementation of maximal cytoreductive surgery, the rate of 

postoperative complications was found high. Most of these complications were 

categorized as minor, usually only minimally impacting the recovery period or 

postoperative treatment. The rate of major postoperative complications significantly 

increased which was associated with the delayed initiation of adjuvant chemotherapy 

and worsened survival compared to patients with only minor complications. 
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• Implementation of ultraradical surgery resulted in significantly longer overall survival.
• The median overall survival was increased by 21 months.
• The survival benefit was mostly seen in FIGO stage III patients.
• Overall survival was influenced by residual tumor and Clavien-Dindo complication grade.
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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

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

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
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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

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

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.

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%)
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.
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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

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

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

Fig. 1. A. Progression-free survival in Group 1 and Group 2, all stages combined (p= 0.037). B. Overall survival in Group 1 and Group 2, all stages combined (p = 0.028).
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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

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. 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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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.

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,

Fig. 3. Overall survival in Group 2 patients with complete cytoreduction in Stage III and Stage IV.
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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.
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a b s t r a c t

Introduction: Surgery is the cornerstone of the treatment for advanced ovarian cancer. Reaching com-
plete cytoreduction resulting in no gross residual disease often requires complex surgery. The aim of this
study was to assess the impact of increased surgical radicality on the risk of complications in the
treatment of advanced ovarian cancer.
Materials and methods: All consecutive patients with advanced ovarian cancer (FIGO Stage IIIB-IVB) who
had undergone primary or interval debulking surgery during a six-year study period were identified. In
the midst of the study period, a surgical practice change towards maximal surgical effort occurred. Two
groups were formed for the analysis: cohort A, that consisted of patients operated before the surgical
paradigm shift and cohort B, that consisted of patients operated under the period of increased surgical
radicality.
Results: 252 patients were included in the analysis. Complete resection (R0) was achieved in 21.3% of
surgeries in cohort A and in 51.2% in cohort B. The total postoperative complication rate was 76.2%. Most
of the complications (86.5%) were minor (Clavien-Dindo I-IIIA). The patients in cohort B were at
increased risk for complications, OR 2.94 (95%CI 1.58e5.47; p ¼ 0.001). As for the approach to cytor-
eduction (primary vs. interval debulking), there was no statistically significant association with the
occurrence of postoperative complications (p ¼ 0.659).
Conclusion: In the present study more extensive surgeries led to better surgical results but increased
postoperative morbidity. Postoperative complication rates were similar in both primary and interval
debulking surgeries.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

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

1. Introduction

Over 310, 000 women were diagnosed with ovarian cancer in
2020, making it the eighth most common cancer among women
worldwide [1]. Ovarian cancer is diagnosed in advanced stage in
75% of cases [2]. Advanced disease presents a poor prognosis as the
five-year relative survival rate in Europe is on average 38% [3].
Surgery is the cornerstone of the treatment, and the aim is to
achieve maximal cytoreduction as the amount of residual disease is
one of the main prognostic factors [4e6].

Recently, the need for more aggressive cytoreduction has
resulted in the concept of maximal effort surgery that, in addition

to the traditional ovarian cancer surgery, may comprise multiple
bowel resections, extensive peritonectomy, diaphragm resection
and multiple organ resections including splenectomy, cholecys-
tectomy, pancreatectomy and liver resection. This is often referred
to as ultra-radical surgery. There is some evidence that more
extensive procedures and thus a better surgical outcomemay result
in a better progression-free and overall survival [7e13]. However,
according to a recent study, ultra-radical surgery does not improve
overall survival in surgically treated patients [14]. Thus, results
from the previous studies are contradictory.

The extent of surgery and large bowel resections have been
associated with postoperative complications, for example in-
fections and hemorrhage. Hence, ultra-radical surgery poses a
greater risk of complications and may be unsuitable for some pa-
tients [15,16]. As adjuvant chemotherapy is of paramount impor-
tance in the treatment of ovarian cancer, the increased
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complication rate may interfere with successful treatment.
In Tampere University Hospital, the surgical standard in the

treatment of advanced ovarian cancer changed in March 2016, as
maximal effort surgery was implemented into routine practice. The
aim of this study was to assess the impact of the introduction of
ultra-radical surgery in the risk of complications in the surgical
treatment for advanced ovarian cancer.

2. Materials and Methods

We collected the data for this retrospective cohort study from
the patient record system of Tampere University Hospital over the
period from 2013 to 2019. Inclusion criteria were as follows: all
consecutive patients with advanced ovarian cancer (FIGO 2014
Stage IIIB-IVB) who had undergone primary or interval debulking
surgery were included [17]. The patients with a localized cancer
(FIGO 2014 Stage IA-IIIA) and/or treated with a laparoscopic oper-
ationwere excluded from the study. In addition, surgical operations
for cancer recurrence were ruled out. All operations were per-
formed by surgeons specialized in gynecologic oncologic surgery.

Two groups were formed for the analysis: cohort A, that con-
sisted of patients operated before the surgical paradigm shift
(2013e2016) and cohort B, that consisted of patients operated
under the period of ultra-radical surgery (2016e2019). Differences
between outcomes of primary surgery and interval surgery were
analyzed. We also compared patients operated with maximal sur-
gical effort to patients that were operated with conventional sur-
gery (including laparotomies that remained as explorative).

Collected data consisted of patient, tumor, and surgery charac-
teristics. The surgical outcome was classified based on the size of
the residual disease (R0¼ complete cytoreduction, no visible tumor
left, R1 ¼1 cm or less of residual disease and R2 ¼ more than 1 cm
of residual disease). The postoperative period was assessed by
collecting data on complications and chemotherapy. Complications
that occurred under a period of 30 days after the surgery were
noted and graded according to the Clavien-Dindo Classification
[18]. If a patient had more than one postoperative complication,
only the most severe one was considered. In 10 cases, complete
postoperative follow-up data (30 days) was unavailable.

Categorical variables were observed by calculating frequencies
and compared by forming fourfold tables and using either the chi-
square test or the Fisher's exact test. The Kolmogorov e Smirnov
test was used to evaluate normal distribution of continuous vari-
ables. Comparison of the groups was performed using Kruskal-
Wallis test and Mann e Whitney U- test. In addition, bivariate
and multivariate analyses were performed by using logistic
regression. P-value less than 0.05 was considered significant. The
data was analyzed using statistical software SPSS Statistics 26 (IBM,
Armonk, NY). Approval for the study was acquired from the hos-
pital administration. Approval of the committee on research ethics
was not required for a registry-based study.

3. Results

Total of 252 patients were included in the analysis, 127 patients
in cohort A and 125 patients in cohort B (Table 1). The median age
of the patients in cohort A and B was 67.0 and 68.0 years, respec-
tively (p ¼ 0.632). The median BMI in cohort A and B was 25.1 kg/
m2 and 25.0 kg/m2 (p ¼ 0.234) respectively. In 9 cases, BMI was
missing. The most common FIGO stage was IIIC in both groups
(66.9% and 48.8% in cohort A and B, respectively). Most of the tu-
mors were high grade serous carcinomas (85.7%).

Surgery characteristics are presented in Table 2. The majority of
the operations were primary debulking surgeries (n ¼ 162, 64.3%).
In all patients, the median estimated blood loss was 600 ml. The

median estimated blood loss was less in cohort A than in cohort B
(350 vs. 975 ml, respectively, p < 0.001). In 17 cases, the record of
blood loss was unavailable. In addition, the median operative time
was shorter in cohort A (162 vs. 340 min, p < 0.001). A standard
thromboembolism prophylaxis (low-molecular-weight heparin
started before surgery and continued for four weeks) and antimi-
crobial prophylaxis (cefuroxime and metronidazole administered
before skin incision) protocols were routinely followed during the
observed study period. More emphasis was placed on preoperative

Table 1
Patient and tumor characteristics.

Total
(n ¼ 252)

Cohort A
(n ¼ 127)

Cohort B
(n ¼ 125)

Age (y)
Median (Range) 67.5 (24e89) 67.0 (24e87) 68.0 (31e89)
BMI* (kg/m2)
Median (Range) 25.1 (15.1

e51.2)
25.1 (15.1
e38.7)

25.0 (17.2
e51.2)

FIGO** stage n % n % n %
IIIB 21 8.3 6 4.7 15 12.0
IIIC 146 57.9 85 66.9 61 48.8
IVA 22 8.7 13 10.2 9 7.2
IVB 63 25.0 23 18.1 40 32.0
Histology n % n % n %
High grade serous 216 85.7 104 81.9 112 91.2
Low grade serous 13 5.2 4 3.1 9 7.2
Mucinous 5 2.0 4 3.1 1 0.8
Endometrioid 6 2.4 5 3.9 1 0.8
Clear cell 3 1.2 3 2.4 0 0
Other*** 9 3.6 7 5.5 2 1.6

* Body mass index.
** International Federation of Gynecology and Obstetrics.

*** Carcinosarcoma, malignant germ cell tumor, small cell carcinoma, neuroendo-
crine carcinoma, squamous cell carcinoma of ovary.

Table 2
Surgery characteristics.

Total
(n ¼ 252)

Cohort A
(n ¼ 127)

Cohort B
(n ¼ 125)

P-value

Approach to cytoreduction n % n % n % 0.081*

Primary 162 64.3 75 59.1 87 69.6
Interval 90 35.7 52 40.9 38 30.4
Type of surgery <0,001*

Conventional debulking 196 77.8 127 100.0 69 55.2
Ultra-radical 56 22.2 0 0 56 44.8
Estimated blood loss (ml) <0.001**

Median (Range) 600 (20
e4350)

350 (50
e3000)

975 (20
e4350)

Duration of surgery (min) <0.001**

Median (Range) 222 (59
e734)

162 (59
e393)

340 (83
e734)

Surgical outcome*** n % n % n % <0.001*

R0 91 36.1 27 21.3 64 51.2
R1 70 27.8 29 22.8 41 32.8
R2 91 36.1 71 55.9 20 16.0
Complications n % n % N %
Total 192 76.2 85 66.9 107 85.6 0.001*

Clavien-Dindo grade
I 41 21.4 23 27.1 18 16.8
II 84 43.8 47 55.3 37 34.6
IIIA 41 21.4 7 8.2 34 31.8
IIIB 16 8.3 7 8.2 9 8.4
IVA 7 3.6 0 0 7 6.5
V 3 1.6 1 1.2 2 1.9
Severity 0.136*

Minor (I-IIIA) 166 86.5 77 90.6 89 83.2
Major (IIIBeV) 26 13.5 8 9.4 18 16.8

* Chi-Square test.
** Mann-Whitney U Test.

*** R0; complete resection, R1; residual disease 1 cm or less, R2; residual disease
over 1 cm.
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optimization (nutrition, alcohol consumption and smoking cessa-
tion, carbohydrate loading) after the surgical paradigm shift.
However, a routinely followed protocol was not yet established.

R0 was achieved in 21.3% of surgeries in cohort A and in 51.2% in
cohort B. Logistic regressionwas performed to compare the optimal
outcomes (R0) between the two groups. The chance of R0 was
greater in the cohort B, OR 3.89 (95% CI 2.24e6.74; p < 0.001). In
addition, the possible association between the approach to cytor-
eduction (primary vs. interval debulking) and the achievement of
complete cytoreduction was examined, but no statistically signifi-
cant correlation was observed (p ¼ 0.494). As a result of more
aggressive surgery, R0 was achieved more often in operations
defined as ultraradical (p < 0.001).

The total postoperative complication rate was 76.2%. The ma-
jority of the complications (86.5%) were minor (Clavien-Dindo I-
IIIA), such as mild infections, that needed antimicrobial treatment
and did not have a clinically significant effect on patients' recovery.
Although Clavien-Dindo IIIA is commonly classified as a major
complication, it was considered a minor complication in this study.
A large proportion of IIIA complications consisted of drainage of
pleural effusion, that rarely has any effect on patient's recovery. One
pleural drainage was performed in cohort A and 22 in cohort B. In
cohort A, a reoperation was necessitated for seven patients,
including three with a wound dehiscence, two with postoperative
bleeding, one with an anastomotic leakage and one with a bowel
volvulus. In cohort B, a reoperationwas required for 13 patients, out
of which six had an anastomotic leakage, four had postoperative
bleeding, three had a wound dehiscence and one had a pericardial
effusion that required a sternotomy. It should be noted that due to
the classification system, only the highest complication class was
recorded.

In cohort A, 90.6% of complications were minor, and they were
also dominant in cohort B (83.2%). The complication rate was
higher in cohort B compared to cohort A (85.6% vs. 66.9%, respec-
tively, p ¼ 0.001) following that the patients in cohort B were at
increased risk for complications, OR 2.94 (95%CI 1.58e5.47;
p ¼ 0.001). On the other hand, we found no statistically significant
association between the cohort groups and the severity of post-
operative complications (p ¼ 0.136). The lack of statistical signifi-
cance is probably due to a small number of patients in the major
complication groups.

Differences regarding postoperative complications between
solely ultra-radical and conventional radical surgeries were also
studied. The patients who underwent surgery with maximal sur-
gical effort (ultra-radical) were at higher risk of developing post-
operative complications than patients treated with conventional
surgery, OR 23.69 (95%CI 3.20e175.21; p ¼ 0.002). However, the
rate of major complications did not significantly differ between
these two subgroups, 18.2% vs. 11.7%, respectively (p ¼ 0.234).

As for the timing of cytoreduction, there was no statistically
significant association with the occurrence of postoperative com-
plications (p¼ 0.659). The complication ratewas 75.3% and 77.8% in
primary and interval surgery groups, respectively. The rate of major
complications was also comparable in these subgroups (p ¼ 0.188).

The median blood loss of patients with postoperative compli-
cations and patients without complications was 700 ml (range
20e4350) and 350 ml (range 100e2300), respectively (p < 0.001).
The median operative time was also greater for patients with
complications (249 min (range 59e734) vs. 164 min (range
65e500), p < 0.001). The median age of patients with complica-
tions and patients without complications was 68.0 (range 24e89)
and 66.0 (range 42e81) (p ¼ 0.051). The median BMI was the same
in both groups: 25.1 kg/m2 (range 15.1e51.2) of patients with
complications and 25.1 kg/m (range 16.9e42.8) of patients without
complications (p ¼ 0.971).

The association between surgical procedures (Fig. 1) and post-
operative complications was also analyzed. Large bowel resection
(colon resection, isolated rectosigmoid resection or pelvic en-bloc
resection), bowel anastomosis, total peritonectomy and laparo-
scopic port scar resection seemed to increase the risk of post-
operative complications. 85 patients (91.4%), who underwent large
bowel resection, developed complications after surgery. In fact,
large bowel resection was associated with an approximately five-
fold increased risk of complications in general, OR 5.16 (95%CI
2.33e11.46; p < 0.001). Yet, there was no statistically significant
association between large bowel resection and the severity of the
complications (p ¼ 0,057). In connection to large bowel resection,
bowel anastomosis seemed to increase the risk of postoperative
complications, as the complication rate was 92.8% (n¼ 64), OR 5.50
(95%CI 2.10e14.41; p ¼ 0.001) in patients with a bowel anasto-
mosis. The risk of major complications was also increased, OR 2.71
(95%CI 1.17e6.27; p ¼ 0.020). In cohort A, 5.9% of bowel anasto-
moses resulted in anastomotic leakage whereas in cohort B the rate
of this potentially fatal complication was higher, 11.5%.

In addition, nearly all patients (98.2%, n ¼ 56) who had a total
peritonectomy performed, developed some postoperative compli-
cation. The procedure was found to increase the risk of complica-
tions, OR 24.29 (95%CI 3.29e179.66; p ¼ 0.002) but did not have
association with the severity of complications (p ¼ 0.262).
Furthermore, there seems to be an association between laparo-
scopic port scar resection and postoperative complications, OR 6.47
(95%CI 1.51e27.74; p ¼ 0.012). As for the severity of complications,
no statistically significant finding occurred (p ¼ 0.792).

A multivariate analysis was performed to assess the surgical
procedures associated with the occurrence of postoperative com-
plications. The model included bowel resection, bowel anasto-
mosis, total peritonectomy and port-site metastasis resection.
Three subgroups were formed for bowel resection: no resection
(reference group), one resection and two or more resections. Using
the backward conditional method, it was discovered that total
peritonectomy still increased the risk of postoperative complica-
tions, OR 13.86 (95% CI 1.80e106.83; p ¼ 0.012). In addition, the
patients who underwent one bowel resection were at increased
risk for complications, OR 3.59 (95% CI 1.51e8.56; p ¼ 0.004). If
more resections were made, the increase in risk was not anymore
statistically significant, OR 4.29 (95% CI 0.51e35.85; p ¼ 0.179).

Chemotherapy was given for 235 patients (93.3%). 17 patients
did not receive chemotherapy. The complication rate was 74.9%
(n ¼ 176) and 94.1% (n ¼ 16) in the chemotherapy group and non-
chemotherapy group, respectively. The difference in complication
rates was not statistically significant (p¼ 0.082). Of the patients not
receiving chemotherapy, two were chosen to receive hormonal
therapy instead, two had other medical conditions that prevented
further treatment, three had repeated relaparotomies and intra-
abdominal abscesses and ten did not recover adequately to
receive chemotherapy. The median length of time from surgery
until the initiation of chemotherapy in cohort A and B was 35.0
(range 18e57) and 36.0 days (range 15e71) (p ¼ 0.005), respec-
tively. The median interval from surgery to chemotherapy for pa-
tients with postoperative complications was 35.0 days (range
20e71) and for patients without complications 35.0 days (range
15e64), p ¼ 0.423. The median interval for patients with mild
complications and patients with severe complications was 35.0
(range 20e64) and 42.5 (range 27e71), respectively. When the last
three above-mentioned groups were compared (Kruskal-Wallis-
test), statistically significant differences occurred both between no
complication and severe complication (p ¼ 0.001) and mild
complication and severe complication groups (p < 0.001). Initiation
of chemotherapy occurred within four weeks in 26 patients (cu-
mulative percent 17.1), within five weeks in 122 patients
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(cumulative percent 55.2) and within six weeks in 195 patients
(cumulative percent 84.1). The cumulative percentages of patients
were similar in both primary and interval surgery groups (17.3% vs.
16.7%, 54.3% vs. 56.7% and 84.6% vs. 83.3%, respectively, p ¼ 0.161).

4. Discussion

This retrospective cohort study demonstrates the consequences
of increased radicality in advanced ovarian cancer surgeries. We
focused our research on surgical outcomes, postoperative compli-
cations, and the differences between primary and interval debulk-
ing surgeries. As regards to surgery characteristics, the estimated
blood loss and operative time were both greater in operations with
a maximal surgical effort. In fact, the median estimated blood loss
was nearly three times greater and the median operative time over
twice as long in cohort B as in cohort A. Hence, clearly the increased
radicality comes with some negative surgery related effects.

As regards the tumor stages, they differed between the cohort
groups (p¼0.004). Especially stage IVBwasmore common in cohort
B than in cohort A (32.0% vs 18.1%). Due to the increase in surgical
radicality in cohort B, parenchymal resections and diaphragm re-
sections were performed more often. As a result, there are more
stage IVBpatients. Likewise, there is a decrease in stage IVApatients.
In other words, as the surgical complexity increased, the patients
who would have previously been stage IVA became stage IVB.

As expected, surgical outcome was better in more extensive
surgeries. The rate of complete cytoreduction (R0) was 21.3% and
51.2% in cohort A and B, respectively. This finding favors ultra-
radical procedures, as previous studies have demonstrated that
residual disease is one of the main prognostic factors of disease
survival [4e6,19e22]. The need for maximal surgical effort to
achieve satisfying results has been previously evaluated. Turnbull
et al. report that approximately half of the patients with metastatic
ovarian, fallopian tube or primary peritoneal cancer needed upper
abdominal procedures when optimal (less than 1 cm) or complete
cytoreduction (nomacroscopic disease) was attempted [23]. On the
other hand, the attempt to achieve maximal cytoreduction might
not always be beneficial. Winter et al. conducted a retrospective
study that focused on the prognostic factors of stage IV epithelial
ovarian cancer patients. They reported that progression-free and
overall survival were same among patients with 0.1e1 cm or
1.1e5 cm of residual disease. Prognosis was best for the patients
without macroscopic residual disease and worst for the patients
with residual disease over 5 cm. They concluded that primary
cytoreduction might not be beneficial if preoperatively the gross
amount of disease is less than 5 cm, and it is probable that complete
cytoreduction will not be achieved [24].

During the study period, the indication to perform a routine
pelvic and para-aortic lymphadenectomy changed in 2017 due to
the results of LION study that demonstrated that

Fig. 1. Surgical interventions. Hysterectomy, bilateral salpingo-oophorectomy, omentectomy and appendicectomy are not included in the figure.
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lymphadenectomy did not have an effect on survival in the surgery
of advanced ovarian cancer. This has an effect on the number of
lymphadecnetomies performed [25].

The total complication rate in this study was 76.2%, which is
rather high compared with the results by Rafii et al. [15]. They
performed a multi-center study on postoperative morbidity and
mortality after optimal cytoreductive surgery for advanced ovarian
cancer. The study included 180 women, of which 61 presented with
complications (33%). This difference in complication rates is most
likely due to the Clavien-Dindo classification system that was
strictly followed in the present study, especially as regards to
classes I and II. Chi et al. examined morbidity after extensive upper
abdominal procedures and reported a major complication (grade
3e5) rate of 22% andmortality of 1.4% [26]. In the present study, the
rate of major complications in surgically more complex cohort B
was 16.8% and 30-day mortality 1.9%. Rafii et al. report an even
lower rate of major complications (grade 3e5), 11% (n ¼ 21) [15]. It
should be noted that the classification of complications may vary
slightly between studies. In the present study the Clavien-Dindo
grade IIIA was considered as a minor complication as it rarely has
any effect on postoperative recovery.

In this study, more extensive surgeries led to higher post-
operative complication rates. Complications interfered with the
following treatment as major complications delayed the start of the
chemotherapy. As in the study by Raspagliesi et al. [10], we found
no statistically significant association between ultra-radical pro-
cedures and major (IIIBeV) postoperative morbidity. This is in
contrast with some previously published studies, in which major
morbidity did increase as surgical complexity increased [15,16].

In a retrospective review by Phillips et al. especially multiple
bowel resections are emphasized as risk factors for postoperative
morbidity [27]. Similarly, large bowel resection and bowel anasto-
mosis were associated with increased risk of complications in our
study as well. Total peritonectomy, performed only in ultra-radical
surgeries, was also a risk factor for postoperative morbidity. In
addition, laparoscopic port scar resection was associated with
increased risk of complications. That is probably due to multiple
other procedures that were performed simultaneously. Hysterec-
tomy, salpingo-oophorectomy, omentectomy, appendicectomy,
small bowel resection, pelvic lymphadenectomy, para-aortic lym-
phadenectomy, cardiophrenic lymphadenectomy, liver resection,
partial gastric resection, cholecystectomy or local peritonectomy
were not associated with postoperative complications in this study.
Hence, not all procedures performed in these ultra-radical sur-
geries increase postoperative morbidity. As Phillips et al. mention,
it is probably the growing number of procedures that increase the
risk of major complications more than one specific high-risk pro-
cedure [27]. In addition, operative time and blood loss seem to
increase the risk of complications, even though both are related to
surgical complexity. Smoking is a generally known factor that af-
fects postoperative recovery but in the present study patient's
smoking status could not be reliably recovered from the patient
record system and thus was not assessed.

We examined differences between primary surgery followed by
chemotherapy and neoadjuvant chemotherapy followed by interval
debulking surgery. The median interval from surgery to chemo-
therapy (35.0 and 36.0 days in cohort A and B, respectively) was
longer in our study than is generally recommended (within 4
weeks after surgery). This is due to former institutional protocol,
and it has been given more attention since then. Traditionally,
primary debulking surgery has had a major role in the treatment
protocol of ovarian cancer. However, it has been reported that
regarding treatment efficacy, neo-adjuvant chemotherapy is not
inferior to primary surgery [28,29]. Fewer postoperative compli-
cations have been seen as one of the benefits of interval debulking

surgery [30]. Interestingly, in our study cohort, primary and interval
surgeries did not differ in postoperative complication rates. This
can be a result of our strict assessment of carcinomatosis in the
interval debulking surgeries. According to our protocol any peri-
toneal scarring or sign of carcinomatosis that has responded to
chemotherapy is considered as active disease and needs to be
resected. Our approach is based on a previous study showing that
visualisation of active carcinomatosis is very difficult in interval
debulking surgery [31]. Therefore, the extent of our interval sur-
geries is often similar to the extent of our primary debulking sur-
geries. Our results suggest that perhaps the benefits of primary and
interval surgeries do not differ as much as it has been considered
before. More prospective studies are needed in the future to assess
this issue.

Limitations of this study are the relatively small population size
and the retrospective single-center study design, which may cause
selection bias. The strengths of this study are the thorough exam-
ination of all postoperative complications and setting in a tertiary
care hospital.

The present study demonstrates that more complex surgeries
tend to increase postoperative morbidity. However, a clear benefit
of more extensive surgeries are better surgical results.
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Abstract
Introduction: The aim was to assess the effect of the implementation of maximal sur-
gical cytoreduction on the treatment decisions and overall survival of the entire pa-
tient cohort with advanced epithelial ovarian cancer.
Material and Methods: We collected retrospectively all newly diagnosed patients with 
FIGO stage IIIB–IVB epithelial ovarian cancer between 2013 and 2019 in Tampere 
University Hospital, Finland. Altogether, 333 patients were divided into two groups 
based on the date of diagnosis: Group 1 (n = 162) diagnosed before March 2016 and 
Group 2 (n = 171) after 1st of March 2016, when a systematic change in surgical ap-
proach toward maximal surgical cytoreduction was implemented in our institution.
Results: No statistically significant differences were found in the proportions of pa-
tients having surgery or treated non-surgically between the two time periods: 76.5% 
of patients in Group 1 and 71.9% in Group 2 underwent surgical treatment, while the 
others were treated with chemotherapy only or referred directly to palliative care 
(p = 0.38). In addition, there was no statistically significant difference in overall sur-
vival in patients who received any treatment (surgery and chemotherapy or chemo-
therapy only) between groups: the median overall survival was 32.8 months (95% CI 
25.1–40.5) in Group 1 and 37.3 months (31.5–43.1) in Group 2, p = 0.214.
Conclusions: The change in surgical approach toward maximal surgical cytoreduction 
in advanced epithelial ovarian cancer did not significantly change the magnitude of 
patients who received only chemotherapy or underwent surgical treatment in our 
center. While the shift in surgical paradigm may provide survival benefits for care-
fully selected surgically treated patients, it did not result in a statistically significant 
improvement in overall survival for the entire patient cohort.
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1  |  INTRODUC TION

Epithelial ovarian cancer is the 8th most common cancer among 
women, with 320 000 new cases worldwide annually. It presents 
the worst survival of gynecologic malignancies due to diagnoses 
made at the advanced stage in the majority of cases.1 The stand-
ard treatment of care in advanced epithelial ovarian cancer in-
cludes surgical treatment aiming at resection of all visible tumors 
from the abdominal cavity, followed by adjuvant chemotherapy. 
Complete cytoreduction has been shown to associate with the 
highest survival rates in several studies.2–6 In the last two dec-
ades, extensive surgical procedures, also called ultra-radical sur-
gery, have been introduced into the surgical treatment of ovarian 
cancer.

Studies supporting extensive cytoreductive surgery in ad-
vanced epithelial ovarian cancer have usually included carefully 
selected patients who are fit enough to undergo massive sur-
gical treatment and mostly represent FIGO (The International 
Federation of Gynecology and Obstetrics) stage III. Also, patient 
selection for surgical treatment might be influenced by patients' 
socioeconomic or insurance status.7,8 Patients who are not, for 
any reason, eligible to undergo surgical treatment are treated with 
chemotherapy only or sometimes referred straight to palliative 
care. Prevalence and survival outcomes of these non-surgically 
managed patients have been rarely presented in studies regarding 
the advantages of the surgical paradigm change toward extensive 
cytoreductive surgery.9

Tampere University Hospital is the second largest tertiary re-
ferral center in Finland, serving a catchment area of 0.9 million 
people, where all patients with gynecological cancer are referred. 
In early 2016, our hospital adopted extensive cytoreductive sur-
gery as the standard approach for treating advanced epithelial 
ovarian cancer, marking a significant change in our surgical para-
digm. The adoption of the new surgical protocol also included the 
thorough assessment of nutritional and performance status of all 
newly diagnosed ovarian cancer patients in order to target possi-
ble rehabilitation measures. We have previously shown that this 
change led to significantly improved overall survival (OS) among 
surgically treated patients.10

In the present study, we aimed to further evaluate the impact 
of this new surgical protocol on treatment decisions regarding all 
newly diagnosed patients with advanced epithelial ovarian cancer. 
More specifically, we wanted to focus on the proportion of patients 
deemed ineligible for surgical treatment during the two time peri-
ods. The secondary objective was to evaluate the survival of non-
surgically treated patients, as well as the OS of the whole patient 
cohort in advanced epithelial ovarian cancer after the surgical para-
digm change toward maximal surgical effort.

2  |  MATERIAL AND METHODS

2.1  |  Data collection

This retrospective, registry-based study included all patients diag-
nosed with advanced ovarian cancer in Tampere University Hospital 
between March 2013 and March 2019, including 333 patients in total. 
The Tampere University Hospital patient database was queried for 
cases of patients with a diagnosis of ovarian cancer, abdominal tumor 
of unclear origin, or ascites (identified by International Classification 
of Diseases (ICD-10) codes C48.19&, C48.29&, C56.00&, C56.71&, 
C56.72%, C56.73&, C56.74&, C56.98&, C57.8&, C57.9&, C80.90& R19, 
R18) who visited our emergency room, gynecological ward, or outpa-
tient clinic between March 2013 and March 2019. Inclusion criteria for 
this analysis were FIGO 2014 stage IIIB–IVB ovarian, Fallopian tube, or 
primary peritoneal epithelial cancer. The diagnosis was based on tumor 
histology or cytology from ascites or pleural effusion if the histological 
sample was not available. Patients without a histological or cytological 
diagnosis or concomitant other malignant disease were excluded.

2.2  |  Study groups

Patients were categorized into two groups according to the date of 
diagnosis. Group 1 included patients diagnosed between March 2013 
and February 2016. (Figure 1). All patients who were considered pos-
sible candidates for surgical treatment underwent standard surgery 
with the intent to reach maximal cytoreduction. Patients whose dis-
ease involved the upper abdomen were, in most cases, considered 
unresectable. There was no standardized protocol in patient selec-
tion during these years. Group 2 consisted of patients treated from 
the 1st of March 2016 to the end of March 2019. In our institution, 
the change in surgical approach toward maximal surgical effort was 
initiated in March 2016; hence, this was decided to be the division 
point between the two groups. The change was preceded by internal 
educational sessions of the gynecologic oncology team and surgical 
training in a European accredited ovarian cancer surgical center in 
2015. Gastrointestinal and thoracic surgeons were educated about 

K E Y W O R D S
cytoreductive surgery, epithelial ovarian carcinoma, gynecologic surgery, ovarian cancer, 
surgical oncology

Key message

This single-center study provides reliable real-world data 
on the impact of the implementation of a structured surgi-
cal protocol on treatment decisions and overall survival of 
the whole patient cohort diagnosed with advanced epithe-
lial ovarian cancer.
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the change in the surgical approach. After March 1st, 2016, exten-
sive cytoreductive procedures, including peritonectomy, diaphragm 
resection, splenectomy, distal pancreatectomy, liver resection, chol-
ecystectomy, and multiple bowel resections, were performed when 
considered applicable. All the bowel resections were performed by 
gastrointestinal surgeons and hepatic resections by hepatic surgeons, 
while all the other procedures were performed by gynecologic on-
cologists. Thoracic surgeons were involved in the diaphragmatic and 
cardiophrenic lymph node resections in the beginning.

After this time point, the patient selection for extensive sur-
gery was structured with the criteria of American Society of 
Anesthesiologists classification ≤2, age under 75 years, and preop-
erative albumin level over 30 g/L. If the albumin level was suboptimal 
at the time of diagnosis, a preoperative nutritional support was initi-
ated to reach the required level of 30 g/L. If these criteria were not 
met, patients were referred for neoadjuvant chemotherapy (NACT) 
followed by possible interval cytoreduction, and possible rehabili-
tation measures were initiated.10 If cytoreductive surgery was as-
sumed to be ineligible for any reason at the time of diagnosis, the 
planned treatment was chemotherapy or best supportive care. All 
patients were treated by trained gynecologic oncologists.

2.3  |  Outcome measures

The main outcome measures were the OS of the two patient co-
horts, including both surgically and medically-only treated patients, 
and the proportion of non-surgically treated patients. OS of non-
surgically treated patients was defined as the time interval from the 
diagnosis to death or last follow-up visit, whichever occurred first. 
The survival data of surgically treated patients presented in our 
previous study was also updated.10 The rationale not to perform 
surgery, either by primary or interval setting, was collected. Given 
medical treatment, including chemotherapy, bevacizumab, and poly 
(ADP-ribose) polymerase (PARP) inhibitor, was documented.

2.4  |  Statistical methods

Categorical variables were compared with Fisher's exact test. 
Continuous variables were compared using the Mann-Whitney 

U-test. Univariate survival analyses were performed using the 
Kaplan–Meier method, and differences in survivals were analyzed 
with the log-rank test. A post hoc power analysis was performed to 
estimate the probability of detecting a statistically significant differ-
ence given the observed effect size and sample size, which yielded a 
statistical power of 14.2%, indicating limited ability to detect group 
differences. All statistical tests used were two-sided, and p-value 
<0.05 was considered significant. The analyses were performed 
with IBM SPSS Statistics version 29 (IBM Corp., Armonk, N.Y., USA).

3  |  RESULTS

The total number of 333 patients with advanced epithelial ovarian 
cancer was diagnosed during the study period from March 2013 to 
March 2019, 162 patients in Group 1 and 171 patients in Group 2. 
No statistically significant differences were found in the proportion 
of patients having surgery or treated non-surgically between groups. 
In Group 1, 76.5% of patients underwent surgical treatment, while 
23.5% were treated non-surgically. The corresponding numbers in 
Group 2 were 71.9% and 28.1% (p = 0.381).

The characteristics of surgically treated patients in both study 
groups were detailed in a study published previously.10 The key 
findings from the analysis of these patients were as follows: The 
rate of primary cytoreductive surgeries increased from 58% to 
69%, but the difference was not statistically significant. The com-
plexity of surgeries was retrospectively categorized by surgical 
complexity score by Aletti.11 The median surgical complexity 
score was 2 and 7 in Groups 1 and 2, respectively. The proportion 
of low complexity surgeries decreased from 70% to 18%, while 
the proportion of high surgical complexity scores increased from 
4% to 46% (p < 0.001). Bowel, peritoneal, diaphragm, liver, and 
cardiophrenic lymph node resections were more often performed 
in the second study group. The proportion of complete cytore-
duction increased from 17% to 53%, while the suboptimal cytore-
duction rate decreased from 63% to 14%. (Table 1). Additionally, 
the rate of minor versus major complications among patients who 
had any complications was similar between the two study groups. 
The reduced use of bevacizumab in the second study group was 
mostly attributable to the higher rate of complete cytoreduction 
achieved in stage III patients.

F I G U R E  1  Distribution of patients according to treatment strategy in both study groups.
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The characteristics of non-surgically treated patients are pre-
sented in Table 2. These patients were similar with respect to me-
dian age, body mass index, American Society of Anesthesiologists 
classification, FIGO stage, level of CA12-5 or serum albumin, or 
presence of ascites at diagnosis. The rationale for not planning sur-
gical treatment at the time of diagnosis is presented in Table 2. The 
most common reason to withhold surgery in both groups was exten-
sive carcinosis that was interpreted as unresectable with the current 

surgical approach, affecting 63% of patients in Group 1 and 56% 
in Group 2. After the implementation of extensive cytoreductive 
surgery and more structured patient selection, factors such as age, 

TA B L E  1  Characteristics of all patients.

Group 1 
(n = 162)

Group 2 
(n = 171) p-value

Age (years) 69 (24–89) 69 (31–90)

FIGO stage 0.023

IIIB 6 (3.7%) 17 (9.9%)

IIIC 88 (54.3%) 80 (46.8%)

IVA 28 (17.3%) 19 (11.1%)

IVB 40 (24.7%) 55 (32.2%)

Treatment 0.381

Surgery 124 (76.5%) 123 (71.9%)

PCS 72 (58.1%) 85 (69.1%)

ICS 52 (41.9%) 38 (30.9%)

Proportion of 
NACT patients who 
underwent ICS

52/60 (86.7%) 38/49 (77.6%)

Chemotherapy 
after surgery

113 (91.1%) 117 (95.1%)

No surgery 38 (23.5%) 48 (28.1%)

Chemotherapy only 29 (76.3%) 36 (75.0%)

Palliative care 9 (23.7%) 12 (25.0%)

Surgical complexity 
score

<0.001

Low ≤3 87 (70.2%) 22 (17.9%)

Intermediate 4–7 32 (25.8%) 45 (36.6%)

High ≥8 5 (4.0%) 56 (45.5%)

Cytoreduction <0.001

Complete (no 
macroscopic 
residual tumor)

21 (16.9%) 65 (52.9%)

Optimal (≤1 cm) 25 (20.2%) 41 (33.3%)

Suboptimal (>1 cm) 78 (62.9%) 17 (13.8%)

Clavien-Dindo 
complication grade

0.298

I–IIIA 73 (58.9%) 89 (72.4%)

IIIB–V 9 (7.3%) 18 (14.6%)

Bevacizumab 84 (51.9%) 69 (40.4%) 0.028

PARP inhibitor 8 (4.9%) 24 (14.0%) 0.008

Note: Data are presented as n (%) or median (range).
Abbreviations: FIGO, International Federation of Gynecology and 
Obstetrics; ICS, interval cytoreductive surgery; NACT, neoadjuvant 
chemotherapy; PARP, poly ADP ribose polymerase; PCS, primary 
cytoreductive surgery.

TA B L E  2  Characteristics of non-surgically treated patients.

Group 1 (n = 38) Group 2 (n = 48) p-value

Age (years) 76 (43–89) 75 (45–90) 0.734

BMI (kg/m2) 26 (19–52) 27 (18–47) 0.855

ASA class 0.267

I–II 20 (52.6%) 32 (66.7%)

III–IV 18 (47.4%) 16 (33.3%)

FIGO stage 0.124

III 11 (28.9%) 22 (45.8%)

IV 27 (71.1%) 26 (54.2%)

CA12-5 (U/mL) 511 (10–23 000) 668 (27–4930) 0.639

Ascites 28 (73.7%) 41 (85.4%) 0.187

Serum albumin (g/L) 30 (14–52) 26 (16–43) 0.304

Histology <0.001

Cytological only 8 (21.1%) 0 (0.0%)

Histological sample 30 (78.9%) 48 (100.0%)

High grade serous 29 (96.7%) 46 (95.8%)

Other 1 (3.3%) 2 (4.17%)

Diagnostic laparoscopy 10 (26.3%) 23 (47.9%) 0.047

Main reason not to 
perform surgery

0.640

Age 8 (21.1%) 13 (27.1%)

Poor health status 2 (5.3%) 5 (10.4%)

Carcinosis/cancer 
dissemination

24 (63.2%) 27 (56.3%)

Low albumin 1 (2.6%) 2 (4.2%)

Patient's own desire 3 (7.9%) 1 (2.1%)

NACT started aiming 
for possible further 
surgery

8 (21.1%) 11 (22.9%) 1.00

Reasons not to 
perform ICS

0.385

SD/PD in CT scan 4 (50.0%) 8 (72.7%)

Poor health status 3 (37.5%) 3 (27.3%)

Patient's own wish 1 (12.5%) 0 (0.0%)

Treatment 1.000

Chemotherapy 29 (76.3%) 36 (75.0%)

Taxan-carboplatin 13 (44.8%) 20 (55.6%)

Single carboplatin 16 (55.2%) 16 (44.4%)

No chemotherapy 9 (23.7%) 12 (25.0%)

Bevacizumab 9 (23.7%) 10 (20.8%) 0.798

PARP inhibitor 1 (2.6%) 4 (8.5%) 0.374

Note: Data are presented as n (%) or median (range).
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body 
mass index; CA12-5, cancer antigen 12–5; CT, computed tomography; 
FIGO, International Federation of Gynecology and Obstetrics; NACT, 
neoadjuvant chemotherapy; PARP, poly ADP ribose polymerase; PD, 
progressive disease; SD, stable disease.
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poor health status, and low albumin level increasingly influenced 
treatment decisions compared to previous years; however, the dif-
ferences between groups were not statistically significant.

There was no significant difference between the groups in the 
proportion of non-surgically treated patients who received chemo-
therapy, 76.3% (29/38) in Group 1 and 75.0% (36/48) in Group 2. 
Combination chemotherapy with taxane and carboplatin was the 
most used treatment modality in both groups. Furthermore, the 
use of bevacizumab or PARP-inhibitors did not differ between the 
study groups. The proportion of non-surgically treated patients re-
ferred directly to palliative care was quite similar, 23.7% and 25.0% 
in Group 1 and Group 2, respectively (p = 1.000) (Table 2).

At the start of chemotherapy treatment, 21% of non-surgically 
treated patients in Group 1 and 22% of patients in Group 2 were 
considered possible candidates for further interval cytoreductive 
surgery but were deemed ineligible for surgical treatment primar-
ily due to stable or progressive disease in the body CT scan after 
three cycles of chemotherapy (Table 2). Most patients whose treat-
ment started with NACT underwent interval cytoreductive surgery 
after three cycles of chemotherapy, but there was a slight decreas-
ing trend during the second period: 86.7% in Group 1 and 77.6% in 
Group 2. All the other non-surgically treated patients were referred 
directly to the chemotherapy treatment only or to palliative care.

The median follow-up time for the entire patient cohort was 
31 months (0.7–127) in Group 1 and 34 months (0.5–90) in Group 2.  
The OS rates were similar in both study groups. The median 
OS in patients who received surgical or medical treatment was 
32.8 months (95% CI 25.1–40.5) in Group 1 and 37.3 months (31.5–
43.1) in Group 2, p = 0.21 (Figure 2). The median OS for patients  
who received only chemotherapy was 23.9 months (95% CI 15.7–
32.0) in Group 1 and 16.8 months (95% CI 9.0–24.6) in Group 2, 
p = 0.42 (Figure  3). When including patients who did not receive 
any cancer-specific treatment (9 in Group 1 and 12 in Group 2), 

the median OS was 29.7 months (95% CI 22.2–37.3) in Group 1 and 
34.3 months (95% CI 27.5–41.0) in Group 2, p = 0.26 (Figure S1). The 
estimated OS for patients with palliative care only was 1.3 months 
(95% CI 0.8–1.8) in Group 1 and 1.7 months (95% CI 0.8–2.7) in 
Group 2, p = 0.08.

The survival rates of surgically treated patients in the same time 
period have been presented in our previously published study.10 The 
median OS for these patients increased 21 months, from 33.5 months 
(95% CI 26.2–40.8) in Group 1 to 54.5 months (95% CI 35.2–73.8) 
in Group 2, p = 0.028. However, the survival benefit seemed to be 
limited to stage III patients, who represented 69% and 59% of the 
surgically treated patients in Groups 1 and 2, respectively.

4  |  DISCUSSION

This retrospective analysis showed that approximately 75% of pa-
tients with advanced epithelial ovarian cancer underwent surgical 
treatment, while one-fourth of the patients were deemed ineligible 
for surgery during the 6-year study period. The shift toward a surgi-
cal paradigm emphasizing maximal cytoreductive effort, introduced 
midway through the study, did not significantly alter the propor-
tion of patients directed to surgical versus non-surgical treatment. 
Furthermore, scheduled interval cytoreductive surgeries were often 
canceled due to stricter radiological response requirements fol-
lowing neoadjuvant chemotherapy under the structured surgical 
protocol.

Overall, the prognosis for patients deemed unsuitable for sur-
gery remained dismal and showed no improvement over the study 
period. While the shift toward maximal surgical effort has demon-
strable benefits for carefully selected patients undergoing surgery, 
this approach does not translate into improved outcomes for the 
entire patient cohort.

F I G U R E  2  Overall survival in patients having surgical or medical treatment.
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As the complexity and quality requirements of cytoreductive 
surgery have expanded, one might anticipate a decline in the pro-
portion of patients offered surgical treatment compared to the era 
of standard surgical approaches. Our small patient data showed a 
statistically non-significant 4.9 percentage unit difference in treat-
ment decisions between groups. As indicated by a post hoc power 
analysis, the study was underpowered to detect significant differ-
ences between groups, which should be considered when inter-
preting the findings. Our post hoc calculation suggested that a total 
of 2924 patients (1462 per group) would be required to detect the 
observed difference (76.5% vs. 71.9% of surgically treated patients) 
with adequate statistical power, which is probably not feasible in a 
single-center, or even multicenter studies regarding treatment deci-
sions in advanced epithelial ovarian cancer. Also, our finding may still 
be clinically reassuring, as it demonstrates that the survival benefits 
observed with more extensive surgery in our institution were not 
achieved by reducing the proportion of operated patients but rather 
by selectively applying extensive surgery to appropriate candidates.

In both study groups, the primary reason for withholding surgical 
treatment was the presence of extensive peritoneal carcinomatosis 
or widespread cancer dissemination that was deemed non-resectable 
according to prevailing operability criteria. Nonetheless, the shift in 
the surgical paradigm appeared to coincide with more individualized 
decision-making, as patient-related factors, such as nutritional and 
performance status, increasingly influenced the choice of treatment 
modality.

Furthermore, most patients initially considered potential can-
didates for interval cytoreductive surgery after NACT were ul-
timately referred to surgery after three cycles of chemotherapy 
in both study periods. However, a slight decline in this propor-
tion was observed during the later study period, likely reflecting 
stricter adherence to radiological response criteria after NACT. 
Recent randomized controlled trials investigating the outcomes 

of primary cytoreductive surgery compared to NACT followed 
by interval cytoreductive surgery have found no significant dif-
ference in survival between these two approaches.12–16 Similarly, 
our retrospective analysis of the same patient cohort revealed no 
statistically significant difference in OS or PFS between primary 
cytoreductive surgery and interval cytoreductive surgery in surgi-
cally treated patients.10

Patients deemed ineligible for surgical treatment have been un-
derrepresented in studies evaluating the benefits of surgery in ad-
vanced ovarian cancer. The study by Hall et al. from the UK revealed 
that 22.4% of the patients received chemotherapy only, representing 
a similar rate compared to this present analysis.17 Additionally, the 
impact of the implementation of extensive cytoreductive surgery 
on non-surgically treated patients remains poorly documented.18 
Shalowitz et al. reported that 12% of 130 664 patients with FIGO 
stage III-IV received chemotherapy alone, with a median survival 
of 12 months.19 However, they estimated that only 75% of epithe-
lial ovarian cancer cases were captured in the analyzed database. 
Similarly, Wallen et  al. reported that 48% of stage III and 29% of 
stage IV patients received appropriate surgical and chemotherapy 
treatment, though the study lacked information on the quality of the 
cytoreductive surgery and fewer than 80% of patients had a gyneco-
logic oncologist consultation.20 Neither study addressed the reasons 
for declining surgical treatment. It has been shown that inadequate 
or absent health insurance serves as a significant barrier to appro-
priate treatment, making these patients less likely to undergo sur-
gery.7,19,21 This is notably different from the situation in the Nordic 
countries, where healthcare is publicly funded, and treatment deci-
sions are made solely based on medical considerations.

In the cohort including patients treated with surgery and chemo-
therapy or chemotherapy alone, OS showed an increasing survival 
trend of 5 months after the shift to extensive cytoreductive sur-
gery; however, this difference did not reach statistical significance. 

F I G U R E  3  Overall survival in patients with chemotherapy only.
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Our previous study from the same time period demonstrated an 
increased rate of complete cytoreduction in surgically treated pa-
tients from 17% to 53%, which resulted in a significant 21-month 
survival improvement among surgically treated patients.10 However, 
this survival benefit was observed only in FIGO stage III patients 
representing 43% of the entire cohort in the second study group. 
Despite a tripling of the complete cytoreduction rate after the surgi-
cal paradigm shift, no additional survival benefit was identified when 
medically treated patients and surgically treated FIGO stage IV pa-
tients were included in the analysis.

When evaluating the impact of implementing maximal surgi-
cal effort on patient selection and OS, similar findings have been 
reported from Sweden.9 Falconer et  al. documented a statistically 
significant rise in the proportion of non-surgically treated patients, 
increasing from 24% to 33%, in contrast to the findings in our study 
cohort, which, however, must be interpreted with caution due 
to the lack of statistical power. Consistent with our results, their 
study demonstrated a nearly doubled rate of complete cytoreduc-
tion. However, despite these advancements, no statistically signifi-
cant improvement in OS of the whole patient cohort was observed 
after the introduction of extensive cytoreductive surgery at their 
institution.

Studies have established that carefully selected patients do 
obtain survival benefits from expanding surgical expertise, but 
it appears unlikely that focusing solely on this group would pro-
vide additional survival advantages for the entire population of 
advanced epithelial ovarian cancer. Currently, up to one-third of 
women with the disease are not applicable for surgical treatment, 
and to improve the survival of the entire cohort, greater effort 
should be made to reduce this proportion of patients. Future re-
search should focus on tumor biology, disease prevention, the 
development of new medical treatments, and methods for identi-
fying patients at earlier stages who are more likely to benefit from 
surgical intervention.

This study has several limitations. As a retrospective analysis, 
treatment decisions are assessed afterwards, which may lead to a 
simplified interpretation of the patient selection process. This may 
be due to the absence of comprehensive documentation of all clin-
ical and contextual factors influencing the decision-making pro-
cess at the time of treatment. Additionally, the limited sample size 
of the present cohort lacks sufficient statistical power needed to 
demonstrate significant differences in treatment decisions between 
groups. As a result, only descriptive analyses could be presented 
from our cohort in this regard, highlighting the need for larger, pro-
spective studies on this topic. Further data on treatment costs and 
especially patient-reported outcomes addressing quality of life are 
necessary to fully assess the effectiveness of surgical treatment for 
advanced epithelial ovarian cancer.

The strength of this study is that in Finland all patients with gy-
necological cancer are treated within the public healthcare system, 
the treatment is centralized in five university hospitals with compre-
hensive and accurate patient databases, ensuring that the patient co-
horts reflect the entire population of women affected by the disease. 

Additionally, patient compliance is high, leading to basically no loss to 
follow-up. Furthermore, Finland's publicly financed healthcare sys-
tem, with minimal client fees that are not based on the actual cost of 
services, ensures that even the most complex healthcare and surgi-
cal treatments are accessible to all, regardless of wealth or insurance 
status. This eliminates any influence of a patient's financial capacity 
on treatment decisions, allowing for a more equitable and unbiased 
selection of patients. Consequently, our data represent real-world 
evidence and provide an accurate reflection of the outcomes for all 
women diagnosed with advanced epithelial ovarian cancer.

5  |  CONCLUSION

This retrospective analysis provides valuable real-world evidence 
regarding treatment trends in advanced epithelial ovarian cancer 
during the era of extensive cytoreductive surgery. While surgical 
treatment benefits a carefully selected patient population, to im-
prove the survival of the entire patient cohort, more effort should 
be made toward early diagnosis and advancements in the medical 
management of patients with advanced epithelial ovarian cancer.
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