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ABSTRACT 

 

Objective: To investigate whether systematic pelvic and para-aortic lymphadenectomy offers 

superior survival rates and less peri-operative complications in patients with advanced epithelial 

ovarian cancer (EOC), tubal, or peritoneal cancer. 

 

Methods: We searched the electronic databases PubMed, Cochrane Central Register of 

Controlled trials, and Scopus from inception to September 2021. We considered randomised 

controlled trials (RCTs) comparing systematic pelvic and para-aortic lymphadenectomy with 

no lymphadenectomy in patients with advanced EOC. Primary outcomes were overall survival 

and progression-free survival. Secondary outcomes were peri-operative morbidity and post-

operative mortality.  

 

Results: 2 RCTs with a total of 1074 enrolled patients were included in our review. Meta-

analysis demonstrated similar overall survival (HR = 1.03, 95% CI [0.85 – 1.24]) and 

progression-free survival (HR = 0.92, 95% CI [0.63 – 1.35]). Regarding peri-operative 

morbidity, systematic lymphadenectomy was associated with higher rates of lymphoedema and 

lymphocysts formation (HR = 7.31, 95% CI [1.89 – 28.20]) and need for blood transfusion  

(HR = 1.17, 95% CI [1.06 – 1.29]). No statistically significant differences were observed in 

regard to other peri-operative adverse events between the two arms.  

 

Conclusions: Systematic pelvic and para-aortic lymphadenectomy is likely associated with 

similar overall survival and progression-free survival compared to no lymphadenectomy in 

optimally debulked patients with advanced EOC. Systematic lymphadenectomy is also 

associated with an increased risk for certain peri-operative adverse events. Further research 

needs to be conducted on whether we should abandon systematic lymphadenectomy in 

completely debulked patients during primary debulking surgery.  

 

Keywords: Ovarian neoplasms, epithelial ovarian cancer, systematic lymphadenectomy. 
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ΠΕΡΙΛΗΨΗ 

 

Σκοπός: Ο σκοπός της τρέχουσας εργασίας είναι να εξετάσει το ρόλο της συστηματικής 

πυελικής και παραορτικής λεμφαδενεκτομής σε ασθενείς με προχωρημένο καρκίνο των 

ωοθηκών, και πιο συγκεκριμένα να εξετάσει εάν η θεραπευτική αυτή μέθοδος προσφέρει 

μακρύτερη επιβίωση και λιγότερες μετεγχειρητικές επιπλοκές συγκριτικά με τη μη αφαίρεση 

της λεμφαδενικής αυτής αλυσίδας. 

 

Μέθοδοι: Πραγματοποιήθηκε ανασκόπηση της υπάρχουσας βιβλιογραφίας με σκοπό την 

ανεύρεση τυχαιοποιημένων μελετών, οι οποίες συνέκριναν τη συστηματική λεμφαδενεκτομή 

με τη μη αφαίρεση των πυελικών και παραορτικών λεμφαδένων σε ασθενείς με προχωρημένο 

καρκίνο των ωοθηκών. Πρωτογενή αποτελέσματα της έρευνάς μας αποτέλεσαν η συνολική 

επιβίωση των ασθενών, καθώς και η άνευ νόσου επιβίωσή τους. Δευτερογενή αποτελέσματα 

αποτέλεσαν η μετεγχειρητική θνητότητα και θνησιμότητα. 

 

Αποτελέσματα: Στην ανασκόπησή μας συμπεριελήφθησαν 2 τυχαιοποιημένες έρευνες, με 

συνολικό αριθμό συμμετάσχοντων ασθενών, 1.074 γυναίκες με προχωρημένο καρκίνο των 

ωοθηκών. Η μετα-ανάλυση των δεδομένων φανέρωσε ήσσονος σημασίας διαφορές, τόσο στη 

συνολική επιβίωση (HR = 1.03, 95% CI [0.85 – 1.24]), όσο και στην άνευ νόσου επιβίωση των 

ασθενών (HR = 0.92, 95% CI [0.63 – 1.35]), μεταξύ των δύο μεθόδων. Όσον αφορά τις 

μετεγχειρητικές επιπλοκές, η συστηματική λεμφαδενεκτομή φαίνεται να σχετίζεται με 

μεγαλύτερο ρίσκο για σχηματισμό λεμφοκυστών και λεμφοιδήματος (HR = 7.31, 95% CI [1.89 

– 28.20]), καθώς και αυξημένο ρίσκο για ανάγκη μετάγγισης αίματος (HR = 1.17, 95% CI [1.06 

– 1.29]). Δεν παρατηρήθηκαν σημαντικές διαφορές στις πιθανότητες για εμφάνιση λοιπών 

μετεγχειρητικών επιπλοκών μεταξύ των δύο μεθόδων.  

 

Συμπεράσματα: Η συστηματική πυελική και παραορτική λεμφαδενεκτομή σχετίζεται με 

παρόμοια ποσοστά επιβίωσης και αυξημένο ρίσκο για ορισμένες μετεγχειρητικές επιπλοκές, 

συγκριτικά με τη μη συστηματική αφαίρεση λεμφαδένων σε γυναίκες με προχωρημένο καρκίνο 

των ωοθηκών.  
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GENERAL PART 

Introduction 
 

Ovarian cancer is a generic term that refers to any type of cancer that derives from the female 

ovary. Ovarian neoplasms are heterogenous and can resemble any type of cell lining of the 

normal adnexa, including germ cells, sex cord - stromal cells (e.g. granulosa cells, theca cells 

and Leydig cells) and epithelial cells. Neoplasms originating from the epithelial lining of the 

ovaries account for approximately 90% of all diagnosed cases of ovarian cancer1.  

 

Due to the lack of an effective screening method, the majority of ovarian cancer cases (~55%) 

are diagnosed at an advanced stage, at which the tumour has already metastasised to distant 

organs, more frequently to the peritoneum, the gastrointestinal tract, the liver or the spleen. 

Only 15% of patients are diagnosed at an early stage, while the tumour is confined to the ovary, 

thus making ovarian cancer a malignancy with poor overall prognosis. According to the 

National Cancer Institute of the United States, the overall 5-year survival of women with 

ovarian cancer is approximately 49%2. In patients with advanced disease, the 5-year survival is 

reduced to 30%2.  

 

Epithelial ovarian cancer (EOC) resembles a very complex genomic and histopathologic entity 

that requires a multi-disciplinary therapeutic approach. Consequently, this thesis project will 

focus on the pathogenesis, diagnosis, and treatment of EOC as it is responsible for the biggest 

fraction of ovarian cancer-related deaths. 
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Epidemiology 
 

Ovarian cancer is the 2nd most common gynaecologic malignancy, yet the most lethal one, and 

is the 7th most common cancer affecting women worldwide3. According to the Global Cancer 

Observatory of the World Health Organization (WHO), in 2020 there were an estimated 

313,959 new cases of ovarian cancer worldwide, as well as 207,252 ovarian cancer-related 

deaths4. Despite this relatively low incidence compared to other malignancies, ovarian cancer 

is the 5th leading cause of cancer deaths among women in the United States and the 8th leading 

cause of women’s cancer deaths worldwide5. The incidence of ovarian cancer varies regionally 

and racially, with the highest incidence rates being observed in developed countries. Central 

and Eastern Europe encounter the highest incidence rates with 10.7 per 100,000 women, 

followed by Northern Europe and North America with 8.8 and 8.1 per 100,000 respectively. 

Intermediate incidence rates have been observed in Western Europe and Asia (6.2 to 7.1 per 

100,000), while the lowest incidence rates can be found in Africa and the Caribbean (4.4 to 5.5 

per 100,000) (Figure 1).  Regarding the ethnic groups, Caucasian women hold the highest 

prevalence of ovarian cancer (12 per 100,000), followed by Hispanic (10.3 per 100,000), Asian 

(9.2 per 100,000) and African-American women (0.4 per 100,000)6.  

Figure 1. Age-standardised incidence rates by geographic region. Source: GLOBOCAN 2020. 
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Ovarian cancer incidence rates increase with age. The rates start to increase steadily by the age 

of 15 to 19 reaching a sharp increase at the mid-40s7. Women between the ages of 55 and 64 

are in higher risk of developing the disease, with the median age at diagnosis being 63 years8 

(Figure 2). According to the National Cancer Institute of the United States, the percentage of 

deaths is higher among women of 65 to 74 years of age, while the median age at death is 70 

years.   

 

EOC has the highest fatality/case ratio compared to all the gynaecologic malignancies, mainly 

because more than half of the patients are diagnosed at an advanced stage9. This could be 

attributed to tow main reasons; (1) the lack of an effective screening program in the general 

population, and (2) the lack of symptomatology of the disease at its early stages. 

  

Figure 2. Percentage of new cases by age of diagnosis. Source: National Cancer Institute. 
Surveillance, Epidemiology and End Results Program (SEER). 
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By comparison, ovarian cancer has a death/incidence ratio which is approximately 3 times 

higher than for breast cancer10. The 5-year survival rates are indicative of this fact, as they drop 

significantly in cases of women presenting with advanced stage disease (~30%). The overall 5-

year survival for women diagnosed with ovarian cancer is approximately 49%, but this is highly 

influenced by the histological type, the age and the stage of the disease at the time of diagnosis2. 

Figures 3 and 4 present in detail the 5-year survival at each stage, as well as the percentage of 

case presentation by stage.  

 

Figure 3. Extent of the disease at the time of diagnosis. Source: National Cancer Institute. Surveillance, 
Epidemiology and End Results Program (SEER). 

 

Figure 4. 5-year relative survival. Source: National Cancer Institute. Surveillance, Epidemiology and End Results 
Program (SEER). 
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Regarding the trends in the incidence rates of ovarian cancer, there has been a steady decrease 

in new cases observed every year for the last twenty years. The SEER program of the National 

Cancer Institute of the United States has reported an incidence rate of 9.3 per 100,000 women 

as for 2018, compared to 13 per 100,000 in 2008 and 14.4 per 100,000 in 1998. Mortality has 

also declined from 8.7 deaths per 100,000 in 1998 to 6 deaths per 100,000 in 20192. However, 

the decline in mortality is quite small compared to other gynaecologic neoplasms in the last 

thirty years. For instance, mortality from breast cancer dropped by 1/3 and mortality from 

cervical cancer dropped by half at the same period7. Figure 5 summarizes the trends in incidence 

and mortality rates of ovarian cancer over the past years.  

 

  

Figure 5. Incidence and mortality rates by year. Source: National Cancer Institute. Surveillance, Epidemiology 
and End Results Program (SEER). 
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Pathogenesis 
 

Although the normal female adnexa is composed of various cell types, the majority of 

neoplasms arise from cells of the coelomic epithelium resulting in epithelial ovarian cancer 

(EOC)11. Neoplastic transformation of those cells may occur if they are genetically predisposed 

to oncogenesis or exposed to certain oncogenic agents.  

 

Approximately 75-80% of EOCs are of serous histological type, the majority of which are high-

grade cancers8. Less common subtypes include mucinous (10%), endometrioid (10%), clear 

cell (<1%), transitional cell carcinoma or Brenner’s tumour (<1%) and undifferentiated 

tumours11. Each subtype resembles a different part of the epithelial structures of the female 

reproductive tract. For instance, serous EOC appears similar to the glandular epithelium of the 

fallopian tubes (endosalpinx). Mucinous tumours resemble the endocervical mucosa, while the 

endometrioid tumours mirror the endometrium. 

 

Although it has been acknowledged that EOC is a multifactorial and complex entity, the specific 

events that lead to the transition of normal tissue to neoplasia have not yet been established, nor 

has a definite precursor lesion been identified12. Numerous theories exist regarding the origin 

of EOC. The predominant theory associates the repeated trauma and repair cycles of the ovarian 

epithelium during normal ovulation with subsequent genetic alterations that further progress to 

malignant transformation12. This is supported by evidence that suppression of ovulation leads 

to decreased risk for development of ovarian cancer13. 

A second theory assumes that EOCs originate from the fimbriated end of the fallopian tubes. In 

2001, Piek et al. published a paper in which they reported the presence of dysplastic changes in 

Institutional Repository - Library & Information Centre - University of Thessaly
20/10/2024 10:32:12 EEST - 3.145.67.233



 13 

the fallopian tubes of women who went through prophylactic salpingo-oophorectomy due to 

genetic predisposition to ovarian cancer14. Those lesions, known as serous tubal intraepithelial 

carcinomas (STICs), resembled high-grade serous carcinoma (HGSC) of the ovaries, a common 

subtype of EOC. Later studies, in which the fimbriated end of the fallopian tubes of women 

diagnosed with EOC was extensively examined, identified STICs or small tubal high-grade 

serous carcinoma in 50-70% of cases, most of which had advanced-stage disease15,16. 

Collectively, those findings suggest that many cases of EOC might actually originate in the 

epithelium of the fallopian tube and later migrate and implant in the ovary giving the impression 

of a primary ovarian cancer14. HGSCs have also phenotypic characteristics similar to those of 

the fallopian tube mucosa, while they also share identical TP53 and other mutations15. 

Peritoneal serous carcinomas are also identical to serous EOC and fallopian carcinomas in terms 

of biologic behaviour, clinical characteristics, and response to chemotherapy. Thus, high-grade 

serous cancers of the ovaries, fallopian tube carcinomas and peritoneal carcinomas are now 

considered as a single entity17. Based on those data, patients with EOC, fallopian tube cancer 

and peritoneal cancer should be staged accordingly by the common International Federation of 

Gynaecology and Obstetrics (FIGO) system that was revised in 2014.  

 

EOC is considered to be an invasive type of cancer. The biological features of EOC are unique, 

as they differ from the classic and well-studied pattern of hematogenous metastasis found in 

most types of cancers. The most common mode of dissemination is by exfoliation of cells that 

have already been formed in the primary site12. Once they have detached from the primary 

tumour, those cells metastasize via a passive mechanism, as they get carried along the 

circulatory pathway of the peritoneal fluid. As the peritoneal fluid moves with the force of 

respiration from the pelvis towards the diaphragm, passing through the paracolic gutters and 

the intestinal mesenteries, clusters of tumour cells are implanted within the peritoneal cavity8. 
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Therefore, metastases are commonly located on the posterior cul-de-sac (Douglas pouch), 

paracolic gutters, right hemidiaphragm, liver capsule, peritoneal surface of the intestines and 

their mesenteries and the greater omentum, resulting in the characteristic omental cake. 

 

Before ovarian tumour cells detach and start floating around the peritoneum, they often undergo 

an epithelial-to-mesenchymal transition, which facilitates their attachment to the basement 

membrane and loosens the intracellular adhesions between the cancer cells18. A crucial 

component for the adhesion of neighbouring cells is the glycoprotein E-cadherin, which is 

located at cell adherence junctions19. Loss of E-cadherin in EOC cells correlates with epithelial-

to-mesenchymal transition and the acquisition of an invasive phenotype20. This process allows 

cancer cells’ implantation to the peritoneum and facilitates their survival under crowded 

hypoxic conditions, through up-regulation of the fibronectin receptor α5β1-integrin21,22. This 

adaptation to oxidative stress contributes to their high resistance in chemotherapy. Once the 

metastatic colony is established in the peritoneum, tumour cells undergo mesenchymal-to-

epithelial transition once more into an epithelial phenotype, in order to sustain fast growth. 

 

Hematogenous dissemination of EOC is rather uncommon. Only 2-3% of patients present with 

metastasis to vital organ parenchyma suggestive of hematogenous spread8. Systematic 

metastases are more frequently seen at the later stages in the course of the disease. Rather the 

lymphatic spread to the pelvic and para-aortic lymph nodes is the common behaviour of the 

tumour, particularly in advanced stages of EOC23. Further dissemination can occur via the 

diaphragmatic lymphatic channels, infiltrating the supraclavicular lymph nodes.  
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Prevention 
 

Risk factors 

The lifetime risk of ovarian cancer in the general population is approximately 1.2%. However, 

the risk increases with the presence of risk factors, the most significant of which is a positive 

family history of breast or ovarian cancer12. There has been identified a 3-fold increase in the 

overall risk of developing ovarian cancer in women with a first degree relative with ovarian 

cancer24. Certain hereditary cancer syndromes can be responsible for the development of 

ovarian cancer, raising the lifetime risk up to 50% depending on the syndrome12.  Hereditary 

cancer syndromes that have been associated with the development of ovarian cancer to date are: 

hereditary breast and ovarian cancer syndrome (most commonly associated with BRCA1, 

BRCA2 germline mutations), Lynch’s syndrome, and Peutz-Jeghers syndrome25. 

 

Most of the known risk factors are not accountable to change, with early menarche (prior to age 

12), late menopause (after age 50) and age being the most notable. Other major risk factors 

include nulliparity, obesity, increased number of lifetime ovulatory cycles and the presence of 

hereditary cancer syndromes. Endometriosis is an independent risk factor of EOC, with 

malignant transformation occurring in approximately 2.5% of patients, who are typically of 

reproductive age, and is associated with 15-20% of clear cell and endometrioid ovarian 

cancer26. Ethnic differences confer variable risk. Caucasians have the highest age-adjusted 

annual incidence compared to Hispanics, African-Americans and Asians2. Finally, the results 

of a recent meta-analysis published in 2018 reported a consistent association between perineal 

talc use and development of ovarian cancer27. A recent pooled analysis of four large cohorts 

suggested a statistically significant association of perineal talc use with the development of 

ovarian cancer in women with patent reproductive tracts, compared with women that had 
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undergone tubal ligation or hysterectomy, suggesting a retrograde movement of the powder 

within healthy genital tracts28. Nonetheless, there has been a major controversy in regards with 

the significance of these results.  

 

Protective factors 

On the other hand, certain protective factors have been identified to reduce the risk of EOC. 

Oral contraceptive pills (OCPs) have been proven to exert duration-dependent reductions in 

ovarian cancer incidence in the general population29. Women who use OCPs for 5 or more years 

reduce their relative risk to 0.5, which accounts for a 50% reduction in the probability of 

developing ovarian cancer. Parity is also considered a major protective factor against EOC. In 

fact, having at least one child ensures a risk reduction of 0.3 to 0.4. Moreover, women who 

have had two children and have used OCPs for 5 or more years have a 70% reduction in the 

likelihood of developing ovarian cancer30. As a result, OCPs could be considered as a reliable 

and relatively safe means of chemoprevention, especially for women with a positive family 

history of ovarian cancer.  

 

Prophylactic salpingo-oophorectomy is one of the few surgical measures for risk reduction 

mainly in high-risk patients with a strong family history or a known BRCA1 or BRCA2 

mutation. Bilateral surgical removal of the fallopian tubes and the ovaries significantly reduce, 

but not eliminate the risk of ovarian cancer, since similar malignancies may arise from the 

peritoneum or the secondary mullerian system as discussed previously. Tubal ligation is also a 

broadly accepted risk-reducing surgery, which incorporates the benefit of a less invasive 

procedure in comparison with bilateral salpingo-oophorectomy. Tubal ligation seems to reduce 

the risk for ovarian cancer in both high genetic risk and average genetic risk populations31. This 
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risk reduction, which is up to 33%, mainly affects the endometrioid and clear cell histologic 

subtypes, while it is estimated to last for up to 14 years post-surgery32. 

 

In a study published by Pearce et al. in 2015, the distribution of lifetime risk of ovarian cancer 

in the general population of the U.S. was closely examined. The results associated the use of 

OCPs and tubal ligation with a reduced lifetime risk for the development of ovarian cancer. On 

the other hand, OCPs use and tubal ligation were absent among women with the higher lifetime 

risk33. More precisely, women with the lowest lifetime risk (0.35%) were those who had at least 

two children, had used OCPs for at least 5 years and had a prophylactic tubal ligation, with a 

negative family history. On the contrary, nulliparous women, who had never used OCPs and 

had a positive family history without having a prophylactic tubal ligation, were at higher risk 

of developing ovarian cancer (8.78%).     

 

Screening 

The most profound reason for the high mortality rates of EOC is the late stage at which most 

women are diagnosed. For this reason, researchers’ interest has shifted towards strategies for 

early diagnosis using certain biomarkers combined with imaging techniques. Currently, there 

is no proven effective screening method for early detection of ovarian cancer. The use of cancer 

antigen 125 (CA-125), a biomarker that has been previously tested as a screening method, has 

not shown promising results mainly because of its low sensitivity and specificity34. CA-125 can 

be markedly elevated in patients with benign ovarian tumours, in non-gynaecologic 

malignancies and any other inflammatory condition of the pelvis. Furthermore, CA-125 serum 

levels are elevated above baseline in only half the women diagnosed with stage I or stage II 

ovarian cancer. However, data suggests that specificity of CA-125 is improved when its levels 
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are followed overtime35. Thirty years after its discovery, CA-125 is still FDA-recommended 

for monitoring of treatment response in patients with EOC.  

 

Human epididymis 4 (HE-4) protein is a second biomarker that seems to be of some diagnostic 

value for ovarian cancer. Compared to CA-125, HE-4 has a similar sensitivity for detection of 

advanced-stage ovarian cancer, but a greater specificity in differentiating between malignant 

and benign tumours36. The combined use of HE-4 and CA-125 was incorporated in the risk of 

ovarian malignancy algorithm (ROMA), which was FDA-approved in 2011. ROMA combines 

the measurements of those biomarkers with the menopausal status of the patient in order to 

determine the risk for malignancy in any woman presenting with a pelvic mass37. However, as 

with CA-125, HE-4 levels are not specific for ovarian cancer, as they are also elevated in 

individuals with other gynaecologic malignancies as well as cancers of the respiratory tract38. 

Nevertheless, the remarkable increase in both biomarkers’ serum levels in women with ovarian 

neoplasms support the need for further research on their practicality as tools for early detection. 

 

In addition, imaging techniques have not been proven to effectively detect ovarian cancer at an 

early stage. Transvaginal sonography (TVS) has not shown any value as primary screening tool, 

as it is mostly used for diagnosis of benign masses, which are confined in the ovaries. 

Unfortunately, most cases of EOC would have already metastasised before being detectable 

under TVS. In support with that, current studies do not show a benefit in screening 

asymptomatic population with TVS39. Magnetic resonance imaging (MRI) and computed 

tomography (CT) are commonly used as staging tools40. Early stages of ovarian cancer 

development may be missed by both imaging modalities, with CT having an even lower 

sensitivity compared to MRI for distinguishing benign from malignant masses41,42. 
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A recently published randomised trial conducted in the United Kingdom, the UKCTOCS trial, 

compared the existing modalities in an attempt to establish an ovarian cancer screening program 

that could potentially reduce ovarian-cancer related deaths43. Women were randomly assigned 

to annual multimodal screening (which incorporated CA-125 measurements by utilising the 

ROCA algorithm), annual TVS screening, or no screening. No significant reduction in ovarian 

and tubal cancer deaths was observed in the multimodal screening or the group screened by 

TVS compared to the no screening group. This was the most recent randomised trial of that 

scale that attempted to explore an effective screening program for the general populations. 

Unfortunately, screening for ovarian cancer cannot be recommended to date.  
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Clinical findings 
 

Signs and symptoms 

Early stage EOC is associated with poorly defined or vague symptoms, which are usually of 

minor severity to prompt a woman to seek medical advice. This is one of the two major reasons 

(the other being the lack of an effective screening method) why nearly 60% of women with 

ovarian cancer present with distal metastases at the time of diagnosis2. The most common 

symptoms of women with ovarian cancer include bloating, pelvic or abdominal pain or 

pressure, urinary frequency or urgency, difficulty eating and early satiety44. This non-specific 

nature of the symptoms renders early detection even harder, as they are not usually associated 

with gynaecologic issues even by healthcare practitioners. Yet, there are only minor differences 

in the symptoms reported by women with early-stage disease and those with late-stage ovarian 

cancer45. Occasionally, patients may present with anorexia and nausea secondary to ascites or 

bowel obstruction, while dyspnoea is also a common symptom due to pleural effusions. Ascites 

and pleural effusions are two entities that usually coexist in patients with advanced EOC.  

 

The most significant finding on clinical examination of women with EOC is the presence of a 

pelvic mass8. A solid, fixed, irregular pelvic mass is highly suggestive for malignancy. If, in 

addition, an abdominal mass or ascites is present, the diagnosis of ovarian cancer is almost 

definite. A tympanic percussion noted over the lateral abdomen of the patient indicates the 

presence of a large mass that displaces the bowel to the periphery. On the contrary, a central 

tympanic percussion note is highly suggestive of ascetic fluid12. Women of reproductive age 

could present with menstrual abnormalities. Abnormal vaginal bleeding should raise concern 

for a synchronous endometrial carcinoma or metastasis to the lower genital tract.  
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Laboratory findings  

CA-125 is the most widely used tumour marker yet is mainly used for follow-up purposes as 

its sensitivity and specificity is low. The accepted upper limit of normal is 35 IU/mL, but this 

is a rather arbitrary cut-off. Women with a disseminated EOC can appear with extremely high 

values of CA-125 (>200IU/mL). However, normal values do not rule out the diagnosis of EOC. 

HER-4 is less frequently used, but it seems to have greater specificity than CA-125 for the 

detection of ovarian cancer in premenopausal women and it may be used for excluding EOC in 

these patients46. Inflammatory markers (e.g. C-reactive protein) may be elevated.  

 

Imaging studies  

Transvaginal sonography can facilitate differentiation between a benign and a malignant 

adnexal mass. Typical characteristics of ovarian cancer under the ultrasound include a solid 

component, which is often nodular or papillary, septations, and ascites12. In addition, the use of 

colour flow Doppler can evaluate the vascular patters that may be suggestive of malignancy47. 

However, a definite diagnosis cannot be made unless malignancy is proven by histology.  

 

CT and MRI are commonly used for staging purposes, in the case of the former, and for 

visualization of the retroperitoneal structures, in the case of the latter. MRI has also been 

beneficial in cases of ovarian cancer during pregnancy, as it does not emit radiation which is 

harmful to the foetus. Among other imaging modalities, a patient with suspected ovarian 

malignancy should undergo a chest radiograph in order to exclude any metastatic parenchymal 

disease, as well as to detect a possible pleural effusion. 
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Diagnosis 
 

The accurate diagnosis of EOC can be challenging, especially in women presenting with 

advanced-stage disease, because many tumours of the gastrointestinal tract can imitate the 

pattern of dissemination of ovarian cancer at initial presentation48. The definite diagnosis of 

EOC requires histologic examination of the resected adnexa8. Generally, a detailed pathological 

and surgical report is necessary for both the characterization of the tumour and the planning of 

the treatment protocol. 

 

Before surgical exploration, the patient should undergo detailed biochemical and haematologic 

assessments. The preoperative evaluation should also include a radiograph of the chest for 

detection of possible pleural effusion. It is of paramount importance to exclude the presence of 

other primary malignancies that could metastasize to the ovaries. A breast examination and 

mammography should be performed in order to rule out a primary breast cancer. Women with 

menstrual irregularities or metrorrhagia should undergo curettage and endometrial biopsy to 

exclude the presence of a metastatic or synchronous endometrial cancer. Finally, gastroscopy 

and colonoscopy may deem necessary in order to exclude a possible Krukenberg tumour or any 

other primary malignancy of the gastrointestinal tract. For the latter, the carcinoembryonic 

antigen (CEA) to CA-125 ratio can also be utilised.  

 

Initial surgical staging for EOC can be performed either with laparotomy or laparoscopically, 

with the latter providing a minimally invasive and safe technique which is well researched and 

broadly accepted49. Important information that should be disclosed in every surgical report 

includes an accurate description of the biopsy sites and a comprehensive documentation of the 
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extent of any residual disease, in case a primary debulking surgery (PDS) is performed. 

According to the College of American Pathologists Protocol for the examination of specimens 

from patients with ovarian carcinomas, the pathological report of the collected tissue should 

describe in detail the following: 

• Specimen site of collection 

• Procedure followed during specimen collection 

• Lymph node sampling present or absent 

• Specimen integrity 

• Primary tumour site 

• Ovarian surface involvement 

• Tumour dimensions  

• Histologic type 

• Histologic grade 

• Presence of implants 

• Extent of involvement of other tissues/organs 

• Lymph/vascular invasion 

• Pathologic staging stage 

• Any additional pathologic findings 

 

Once the diagnosis of epithelial ovarian cancer is established by pathological evaluation, the 

treatment plan decided by the multidisciplinary team (MDT) is initiated. 

      

  

Institutional Repository - Library & Information Centre - University of Thessaly
20/10/2024 10:32:12 EEST - 3.145.67.233



 24 

Differential diagnosis 
 

The differential diagnosis of a pelvic mass is influenced by the age of the patient, the 

characteristics of the mass on pelvic examination, and its radiographic appearance. In general 

EOC must be differentiated from benign tumours and functional cysts of the ovaries50. In terms 

of the patient’s age, prepubescent children as well as postmenopausal women are at greatest 

risk for a malignant ovarian neoplasm, whereas women of reproductive age are more likely to 

have a functional ovarian cyst or endometrioma12. Generally, a variety of benign gynaecologic 

conditions including pelvic inflammatory disease, endometriosis and pedunculated uterine 

leiomyomata can resemble EOC. Mature teratomas are an example of ovarian tumour primarily 

found in women of reproductive age (20-30 years of age). It is the most common neoplasm 

diagnosed during pregnancy and only 1% of them are malignant51. Another benign ovarian 

tumour that can imitate EOC is the ovarian fibroma, which is strongly associated with Meigs’ 

syndrome52. The characteristic triad of the syndrome includes the presence of ovarian fibroma, 

ascites, and pleural effusion, which collectively resembles EOC. 

 

One of the methods used to differentiate between a benign and a malignant ovarian tumour is 

the risk of malignancy index (RMI)53. The RMI incorporates the menopausal status, the 

sonographic characteristics of the tumour, the presence of metastasis and the serum CA-125 

levels. In an analysis of 204 patients with an ovarian mass, an RMI<200 correctly identified 

77% of benign tumours and 91% of invasive ovarian neoplasms. An RMI of > 200 had a 

sensitivity of 84%, specificity of 77%, positive predictive value of 76% and negative predictive 

value of 85% in detecting both borderline and invasive ovarian tumours, showing promising 

results50. 
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Finally from an infectious diseases point of view, female peritoneal tuberculosis can be an 

excellent imitator of disseminated peritoneal carcinomatosis, a characteristic feature of 

EOC54,55. The differentiation between female peritoneal tuberculosis and peritoneal 

carcinomatosis with normal-sized ovaries by CT may raise a diagnostic challenge for 

physicians. In such cases, heterogeneous parenchymal hyper-attenuation and capsular changes 

of the ovary may raise the concern of ovarian cancer56. In all cases, non-gynaecologic 

malignancies should always be considered and closely investigated as they could alter the 

therapeutic plan and modify the prognosis.  
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Staging 
 

Cancer staging can be either pathological or clinical. Pathological staging is usually considered 

more accurate as it allows a thorough examination of the tumour and its spread, in contrast with 

the clinical staging which is confined to indirect observation of the tumour in relation to its 

anatomical position in the body. However, clinical and pathological staging should complement 

each other, especially in the case of epithelial ovarian cancer, which is a malignancy with 

extensive metastases, thus accurate staging provides a better management of the patient. 

 

Ovarian cancer is staged according to the AJCC/TNM or FIGO classification system. The first 

system describes the extent of the primary tumour (T), the presence of metastasis to adjacent 

lymph nodes (N) and the presence of distal metastases (M). The FIGO classification system is 

more commonly used for ovarian cancer and is based on findings during surgical exploration. 

The FIGO classification was last modified in 2014. 

 

Surgical staging is of paramount importance in EOC, since the subsequent therapeutic scheme 

will be determined by the stage of the disease. According to the standard protocol, surgical 

exploration is performed through a laparotomy, which allows access to the upper abdomen. The 

ovarian tumour should be resected and removed intact, and a frozen histologic section obtained. 

The confirmation or not of ovarian malignancy determines the next steps of the operation.  
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Figure 6. FIGO and respective TNM staging of ovarian, fallopian tube and peritoneal cancer. Source: Berek and 
Hacker’s Gynecologic Oncology. 
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The last years, minimally invasive surgery has gained ground in the field of surgical staging of 

ovarian cancer. Many studies report certain advantages of laparoscopic staging over the 

standard laparotomy49,57. Intraperitoneal diffusion of the disease may be assessed adequately 

with laparoscopy and the surgeon can have direct visualization of the cancer spread at excellent 

image quality and high magnification. Even more importantly, patients deemed not to be 

Figure 7. FIGO and TNM staging. Source: Berek and Hacker’s Gynecologic Oncology. 
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candidates for cytoreduction may proceed immediately to neoadjuvant chemotherapy protocol 

without having to recover from laparotomy-related complications49. The Fagotti score can be 

utilised in order to predict the surgical outcome and divert patients to neoadjuvant 

chemotherapy or proceed with laparotomy and primary debulking surgery. Regardless the 

technique used, it is crucial that a complete and detail staging is performed in all women 

presenting with EOC by surgeons with expertise in the field, as this provides the best possible 

outcomes58. 
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Treatment 
 

The treatment plan in ovarian cancer is determined by the histologic type of the tumour, the 

grade and the FIGO stage of the patient at the time of diagnosis. As the current thesis project is 

dedicated to the treatment of choice in women with advanced stage EOC, the following text 

will focus on the standard therapeutic protocol in each stage. 

 

Early stage epithelial ovarian cancer 

The treatment of stage I EOC is primarily surgical. During surgery, a total abdominal 

hysterectomy, bilateral salpingo-oophorectomy, and surgical staging are performed59. Women 

of child-bearing age that have had a thorough surgical staging without any signs of spread 

beyond the ovary may undergo fertility-sparing surgery with unilateral salpingo-oophorectomy, 

in case they desire pregnancy. However, those women should be closely followed with routine 

transvaginal sonographies and serum CA-125 level measurements. The contralateral ovary and 

the uterus should be removed after completion of childbearing.  

 

Patients with early-stage epithelial ovarian cancer of grade 1 or 2 are of no need of adjuvant 

therapy as confirmed by prospective studies. The 5-year survival of those patients according to 

a randomized trial published in 1990 without any treatment after initial surgery was 94%60. In 

patients with suspicious features, such as poorly differentiated carcinomas or presence of 

malignant cells either in ascitic fluid or in peritoneal washings, additional treatment is 

warranted. Adjuvant chemotherapy, which can either be single agent carboplatin or a platinum-

taxane combination is the treatment of choice for those patients60,61. Carboplatin can be 

substituted for cisplatin as it is better tolerated, causes less side effects, and has similar 
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efficacy62. Even though radiotherapy is a therapeutic option that belongs to the past for 

epithelial ovarian cancer, a population-based study published by British Columbia in 2011, 

reported that patients with stage I and II non-serous EOC who received whole abdomen and 

pelvis radiotherapy exhibited a 43% reduction in overall mortality63. Report of a separate 

analysis including 241 patients with stage I and II clear cell ovarian cancer showed that adjuvant 

irradiation was associated with improved progression-free survival, while it reduced pelvic 

relapse rates from 62% to 76%64. Abdominal recurrence occurred in 42% with chemotherapy 

and only 13% with whole-abdominal and pelvic irradiation. Following those promising results, 

there has been renewed interest in the role of radiotherapy in early stage ovarian cancer. 
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Advanced stage epithelial ovarian cancer 

 

- Cytoreductive surgery 

The management of patients with advanced EOC, tubal, or peritoneal cancer is primarily 

surgical, with few modifications made according to the performance status of the patient. If the 

patient is deemed a suitable candidate, she should undergo an initial exploratory procedure -

either by laparoscopy or laparotomy- followed by removal of as much disease as possible 

according to the standard treatment protocol. If the initial exploration was performed by 

laparoscopy, the gynaecologic oncologist should convert the procedure to laparotomy. The 

operation to remove the primary tumour as well as any associated metastases in referred as 

cytoreductive or debulking surgery8. The ultimate goal of cytoreductive surgery is to achieve 

complete cytoreduction; that is excision of the primary tumour with a bilateral salpingo-

oophorectomy together with all macroscopically visible metastatic carcinomatosis. If complete 

cytoreduction is not possible, residual disease of <1cm is described as optimal cytoreduction. 

Of late, optimal cytoreduction was deemed acceptable or even the main goal of primary 

debulking surgery. In the last years there is a radical shift towards complete cytoreduction, 

while optimal debulking is abandoned, as there is enough evidence that zero residual disease is 

the most crucial prognostic factor65. Patients that raise concerns regarding the feasibility of 

complete debulking, should rather undergo neoadjuvant chemotherapy. 

 

The respectability of the metastatic tumour is highly dependent on the location and the extent 

of the metastatic disease. For instance, complete cytoreduction may not be feasible in the 

presence of extensive disease on the diaphragm, in the liver parenchyma, in the lesser omentum 

and along the base of the small bowel mesentery66. Nonetheless, the goal of cytoreductive 

surgery should always remain complete cytoreduction, as patients with a completely resected 
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primary and metastatic disease have the best prognosis and approximately 60% of them will be 

free of disease at 5 years65. In cases where complete cytoreduction is not feasible, extensive 

bowel and urologic resections are not indicated, unless there are signs of potential bowel 

obstruction. Yet surgical excision of the primary tumour and omental cake in those patients is 

usually feasible and results in an improvement of symptoms.  

 

The most characteristic feature of advanced EOC, tubal or peritoneal cancer is the omental cake 

caused by the dissemination of the disease in the greater omentum. Infracolic omentectomy is 

recommended in all cases of advanced-stage ovarian cancer, even in the absence of gross 

tumour involvement, because it is a common site of microscopic metastatic disease. 

Occasionally, a splenectomy might be necessary in order to resect all the omental 

carcinomatosis67.  

Figure 8. Overall survival by residual disease after cytoreductive surgery. 
Source: duBois et al. 2009. Role of surgical outcome as prognostic factor in advanced epithelial ovarian 
cancer: A combined exploratory analysis of 3 prospectively randomized phase 3 trials.  Cancer. 2009 Mar 
15;115(6):1234-44. 
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A hysterectomy is generally performed because the uterus is a common site for metastatic 

disease, while there is also a risk of synchronous endometrial cancer in patients with 

endometrioid carcinoma of the ovary. Some surgeons also perform appendectomy as a routine 

part of the staging procedure. Studies show that greater than 10% of these patients have 

microscopic metastases in normal-appearing appendixes68. However, routine appendectomy is 

controversial as many studies support that the appendix should only be removed in cases of 

mucinous tumours or an abnormally appearing appendix69. 

 

Finally, lymphadenectomy is the last crucial part of cytoreductive surgery, although 

controversial. Accounting for the prognostic importance of lymphatic metastasis, the FIGO 

staging classification was amended to include a sub-stage for nodal involvement. Although 

there have been reports that a systematic pelvic and para-aortic lymphadenectomy improves 

survival, there are no extensive studies to support this. All studies supporting the impact of 

systematic pelvic and para-aortic lymphadenectomy on survival of patients with EOC have 

been retrospective series, which are prone to a certain degree of selection bias. On the contrary, 

the first international randomised trial published in 2005 recruited 427 women with advanced 

epithelial ovarian carcinoma to undergo either systematic pelvic and para-aortic 

lymphadenectomy or resection of bulky nodes only. The results showed that there was no 

difference in 5-year overall survival (48.5% vs. 47%, respectively)70. Moreover, results from 

further studies have shown that systematic lymphadenectomy is associated with a risk of 

vascular injury, lymphocysts formation, lymphoedema, pulmonary embolism and post-

operative mortality even when performed by experienced surgeons71. In any case, the 

controversy still exists and there is room for further research regarding the role of systematic 

lymphadenectomy in advanced-staged epithelial ovarian cancer. The specific part of this thesis 

project is dedicated to the potential harms and benefits of systematic pelvic and para-aortic 

Institutional Repository - Library & Information Centre - University of Thessaly
20/10/2024 10:32:12 EEST - 3.145.67.233



 35 

lymphadenectomy when treating women with advanced EOC and whether it should be 

established as standard of care during primary debulking surgery.  

 

- Chemotherapy 

After initial cytoreduction, adjuvant systemic chemotherapy is used as standard of treatment. 

Platinum and taxane-based combination is the standard chemotherapeutic regimen for women 

with advanced EOC8. Combination chemotherapy has been proven superior to any 

monotherapy treatment by most studies in patients with advanced EOC72,73. Agents shown to 

be effective include cisplatin, carboplatin, cyclophosphamide and paclitaxel, the most effective 

regimen being the combination of paclitaxel and carboplatin74,75. Typically, chemotherapy is 

started 4–6 weeks after surgical intervention and is administered at 6-8 cycles in 3-week 

intervals12. Earlier administration has not been shown to provide a benefit. Potential toxicities 

of this treatment include nausea, vomiting, diarrhoea, alopecia, nephrotoxicity, and 

myelosuppression. The chemotherapeutic agents are typically administered intravenously. 

However, newer studies have tried to investigate the value of intraperitoneal administration of 

chemotherapy. The results are controversial as some studies report better survival while other 

studies report worse perioperative outcomes and more complications without any survival 

benefits76–78. The ongoing OVHIPEC-2 international, randomised trial could probably add to 

our existing knowledge on the potential harms and benefits of hyperthermic intraperitoneal 

chemotherapy administration in patients with advanced EOC79. The results of this trial are 

expected within 2026.  

 

The majority of patients develop resistance to platinum-based regimens during the course of 

treatment. Salvage therapy for ovarian cancer is rarely curative, although significant 

prolongation of survival may be achieved in some cases. The response to re-treatment with 
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platinum-based chemotherapy is influenced by the time interval between completion of the 

initial regimen and subsequent disease recurrence; the greater the interval, the greater is the 

probability of good response12. In 2019, a randomised phase III trial carried out by Coleman et 

al. examined the role of secondary surgical cytoreduction in patients with recurrent ovarian 

cancer80. Patients were randomly assigned to either undergo a secondary surgical resection of 

the recurrent tumour, followed by adjuvant chemotherapy, or to receive chemotherapy alone. 

The results showed that secondary cytoreduction did not offer any survival benefit over 

chemotherapy alone. However, this could be attributed to the arguably low rates of complete 

cytoreduction during surgery, as only 67% of women assigned to surgery arm achieved 

complete resection.  

 

- Neoadjuvant chemotherapy 

Neoadjuvant chemotherapy should be considered a viable alternative to primary debulking 

surgery in certain subpopulations. Typically, 3 or 4 cycles of platinum-based chemotherapy are 

initiated, followed by interval debulking surgery, concluding with 3 to 4 more cycles of 

systemic chemotherapy. Randomised trials have shown similar survival to the standard 

treatment, while it is also associated with fewer perioperative complications81–84. Conditions 

that seem to favour the initiation of neoadjuvant chemotherapy include patients with stage IV 

ovarian cancer, patients with large metastatic lesions, thoracic metastases and/or affected 

cardiophrenic lymph nodes, as well as patients with poor performance status who could not 

tolerate an extensive primary debulking surgery. A recent meta-analysis of randomised trials, 

carried out by Tzanis et al., aimed to identify the subgroup of patients that could potentially 

benefit more from neoadjuvant chemotherapy compared to the standard treatment85. The 

results, yet to be published, showed a trend towards neoadjuvant chemotherapy for patients 
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with stage IV disease (HR: 0.88, 95% CI [0.71 – 1.09]) and for patients with metastatic lesions 

5 – 10 cm in diameter (HR: 0.86, 95% CI [0.69 – 1.08]). Neoadjuvant chemotherapy was also 

associated with statistically significant lower rates of peri-operative morbidity and post-

operative mortality. Currently, guidelines from the European Society of Gynaecologic 

Oncology (ESGO) recommend neoadjuvant chemotherapy only for patients whose 

performance status is not compatible with a radical surgery and for patients with unresectable 

disease86. 

 

- Supplementary treatment options 

To date, many supplementary treatment options have been studied, but only few of them have 

been proven to be of benefit for advanced EOC. Poly-ADP-ribose polymerase (PARP) 

inhibitors, targeting the vascular endothelial growth factor have been closely examined for their 

role as first-line treatment, as well as for maintenance treatment.  

 

The ICON7 and GOG218 trials closely examined the role of adding bevacizumab, a PARP 

inhibitor, to the standard of treatment in women with EOC. The results showed that the addition 

of bevacizumab to the standard of treatment significantly prolonged the progression-free 

survival, although failed to impact the overall survival. A secondary analysis of the ICON7 trial 

including women in high risk of progression (inoperable patients and patients with residual 

disease >1cm after debulking surgery) showed that the addition of bevacizumab significantly 

increased both the median progression-free survival and the median overall survival in this 

subgroup of patients. Currently, the addition of bevacizumab has been adopted as a maintenance 

treatment for selected high-risk patients, for 15 months duration. The BOOST trial, designed to 

address the potential benefit of extending the maintenance treatment period to 30 months, did 

not demonstrate any improvement in the overall survival of patients with EOC, tubal or 
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peritoneal cancer87. The recommendation for a 15-moth maintenance treatment with 

bevacizumab for high-risk patients with EOC still remains to date.  

 

In the recent years there has been an increasing interest in immunotherapy for various types of 

cancer. EOC is no exception, since it appears to be a highly immunogenic tumour, especially 

the high-grade serous histotype, which is the most common one. Tumour infiltrating 

lymphocytes (TIL) have been identified in approximately 55% of ovarian tumours, as well as 

peripheral blood and ascitic fluid, with BRCA and HRD (homologous recombination 

deficiency) positive tumours being the more immunogenic. In this context, the JAVELIN200 

trial attempted to investigate the potential role of immunotherapy with avelumab, alone or in 

combination with chemotherapy in patients with platinum-resistant and platinum-refractory 

ovarian cancer88. Unfortunately, avelumab failed to exert a significant improvement on overall 

survival or progression-free survival, neither combined with chemotherapy, nor alone.  

 

Many trials are being designed in order to investigate the potential role of immunotherapy in 

ovarian cancer, even though the results have not yet been promising. As a result, it is 

recommended to focus on the optimal combination of existing therapeutic options, until novel 

treatments are proven effective.  
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SPECIFIC PART 
 

Introduction 
 

Epithelial ovarian, tubal, or peritoneal cancer have been recognised as one neoplastic entity, 

mainly because of the common histopathologic characteristics that they share. They account 

for the most deaths from gynaecologic malignancies in women, as the majority of cases are 

diagnosed at an advanced stage, reducing the 5-year survival rate as low as 30%2. The only 

reliable therapeutic option for women with advanced ovarian cancer is primary debulking 

surgery followed by adjuvant platinum-based systemic chemotherapy. The goal of primary 

surgery is to resect all macroscopically visible tumour to zero residual disease (complete 

cytoreduction). Complete cytoreduction has been proven to be one of the most critical 

prognostic factors for advanced ovarian cancer.65 

 

Lymphatic spread is a characteristic feature of epithelial ovarian cancer (EOC) even at early 

stages89. Studies aiming to assess nodal involvement in all stages, by performing systematic 

lymphadenectomy, have reported up to 55% rates of pelvic and para-aortic nodal metastases in 

patients with stage III and IV disease90. The results published by those series have led surgeons 

in recent years towards more radical primary debulking surgeries involving the complete 

resection of pelvic and para-aortic nodes. However, the results published by retrospective 

studies regarding the survival of women treated with systematic pelvic and para-aortic 

lymphadenectomy have been controversial91–94. As a result, there is still not enough data in 

order to establish systematic lymphadenectomy as a mainstay of primary debulking surgery.  
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In this study, we aim to investigate whether systematic pelvic and para-aortic lymphadenectomy 

offers superior survival rates and less peri-operative complications in patients with advanced 

EOC. 
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Methods 
 

This systematic review is reported in accordance with the PRISMA guidelines95.  

 

Literature search strategy 

We searched the electronic databases PubMed, Cochrane Central Register of Controlled trials 

and Scopus for articles published from inception to September 2021. The search terms were 

“ovarian neoplasms”, “ovarian cancer”, and “lymph node excision”. We also searched the grey 

literature for relevant studies (Open Grey). Finally, we tried to identify any related articles in 

the literature, either by scrutinising the references of relevant studies or by manually searching 

other sources, including Google Scholar. Only studies published in English were eligible for 

our review. 

 

Inclusion and exclusion criteria  

We included studies following the PICOS model: 

• Population: women over 18 years of age with newly diagnosed epithelial ovarian, tubal 

or peritoneal cancer, FIGO stages III and IV, confirmed by imaging and histological or 

cytological analysis. 

• Intervention: systematic excision of pelvic and para-aortic lymph nodes. 

• Comparison: no excision of pelvic and para-aortic lymph nodes. 

• Outcomes: overall survival and progression-free survival were primary outcomes. Peri-

operative adverse events and post-operative mortality were secondary outcomes. 

• Study design: RCTs only. 
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Studies were excluded in the context of the following exclusion criteria: (1) patients diagnosed 

with recurrent disease (rather than newly diagnosed patients); (2) patients treated with interval 

debulking surgery after neoadjuvant chemotherapy administration; (3) lymphadenectomy 

performed at second-look surgery; (4) chemotherapy not administered only systemically, but 

also intraperitoneally; (5) non-RCT studies, and (6) studies not published in English. 

 

Data extraction 

Data were collected from abstract, main manuscript, graphs, tables, supplementary material 

and/or trial protocol. The following data were collected: (1) trial characteristics including study 

design, year of publication, first author’s name, number of participating institutions, total 

number of participants enrolled, number of patients allocated in each arm, and duration of 

follow-up; (2) clinical information on patients’ age, FIGO staging, histologic subtypes, 

chemotherapeutic agents used, route of administration and number of cycles, and surgical 

techniques used; and (3) outcome data including overall survival, progression-free survival, 

peri-operative complications and time period within which they were assessed. 

 

Risk of bias assessment 

We assessed the quality of the included studies per outcome using the revised version of the 

Cochrane risk-of-bias tool for randomised trials (RoB 2)96. We assessed the studies included in 

our review for potential risk of bias in each outcome arising from: the randomisation process, 

deviations from the intended interventions, missing outcome data, measurement of the 

outcome, and selection of the reported result. Plots demonstrating the results of our assessment 

were created using the robvis tool97.  
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Statistical synthesis 

Time-to-event data meta-analyses were conducted for follow-up outcomes and the results were 

reported as summary hazard ratios (HRs) and associated 95% confidence intervals (CIs). Direct 

methods were applied to calculate individual study HR and standard error (SE) for specific 

outcome measures from reported HR with CIs on the research arm of each trial98,99. The inverse-

variance method of meta-analysis was used. Dichotomous outcome data were summarized 

using the Mantel-Haenszel method by calculating the risk ratio (RR) and 95% CI. We created 

corresponding forest plots using the Review Manager software (RevMan 5.4)100. We applied 

fixed effect analyses in the absence of substantial conceptual, statistical, and visual 

heterogeneity, otherwise a random effects model was employed. We quantified the variability 

in effect estimates due to heterogeneity by calculating the I2.  

 

Assessment of the quality of evidence 

The quality of evidence was assessed in line with the GRADE methodology101. We presented 

the overall certainty of evidence for each outcome and subgroup analyses using the GRADEpro 

GDT software102.   
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Results 

 

Study characteristics 

Our search identified a total of 1973 articles. After initial screening and application of inclusion 

and exclusion criteria, we identified 2 eligible RCTs, that reported a total of 1074 patients70,103. 

The PRISMA flow diagram can be accessed at the supplementary appendix. 

 

Panici et al. 2005 was a multi-centre randomised trial conducted in Australia, Germany, Italy, 

and United Kingdom. Sixteen participating institutions enrolled a total of 452 women from 

1991 to 2003, with a median follow-up of 68.4 months. Patients optimally debulked (residual 

disease ≤1 cm) at primary debulking surgery, with histologically confirmed stage IIIB – IV 

epithelial ovarian cancer were randomised to undergo either systematic pelvic and aortic 

lymphadenectomy or resection of enlarged lymph nodes only (≥1 cm in diameter). Women in 

both arms received adjuvant treatment with platinum-based chemotherapy. The primary 

outcome was overall survival, while secondary endpoints included progression-free survival 

and peri-operative morbidity.  

 

Harter et al. 2019 was a multi-centre randomised trial conducted in 59 institutions across 

Austria, Belgium, Czech Republic, Germany, Italy, and Korea. Participating centres had to 

qualify in order to participate in the trial. 650 women underwent randomisation between 2008 

and 2012. The follow-up period was 6 years. Patients were randomised if they had histologically 

confirmed epithelial ovarian cancer stage IIB – IV, which was resected to zero residual disease 

(complete resection) during primary debulking surgery. Women with macroscopically enlarged 

lymph nodes were not included in the trial. Patients that fulfilled the inclusion criteria were 
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randomised to undergo either systematic pelvic and para-aortic lymphadenectomy or no 

lymphadenectomy. The primary endpoint was overall survival, while secondary endpoints 

included progression-free survival, quality of life, and number of resected lymph nodes. Even 

though peri-operative morbidity was not an endpoint of this study, data on adverse events were 

reported and were included in our quantitative synthesis.  

Risk of bias assessment 

Both trials reported data suitable for time-to-event analyses. The risk of bias was deemed low 

for both studies. Regarding peri-operative morbidity, the included studies were also judged to 

be at low risk for bias. The corresponding plots can be accessed at the supplementary appendix.  

 

Outcome measures 

1. Overall survival and progression-free survival 

Meta-analysis of included studies revealed no difference in the overall survival between patients 

in the systematic lymphadenectomy arm and patients in the no lymphadenectomy arm (HR = 

1.03, 95% CI [0.85 – 1.24]), i2 = 0%, low certainty of evidence). No statistically significant 

difference was also observed in the progression-free survival between the two arms (HR = 0.92, 

95% CI [0.63 – 1.35], i2 = 84%, very low certainty of evidence).  

 

2. Peri-operative adverse events 

There were no data regarding cumulative peri-operative adverse events of grade 3 or 4, suitable 

for quantitative synthesis. Systematic lymphadenectomy was associated with increased risk for 

lymphocysts formation and lymphedema compared to no lymphadenectomy arm (RR = 7.31,  
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95% CI [1.89 – 28.2], i2 = 28%, moderate certainty of evidence), as well as more frequent need 

for blood transfusion (RR = 1.17, 95% CI [1.06 – 1.29], i2 = 0%, moderate certainty of 

evidence). No statistically significant difference was observed between the two arms regarding 

the formation of intestinal fistula (RR = 0.81, 95% CI [0.34 – 1.95], i2 = 0%, low certainty of 

evidence).  

 

3. Post-operative mortality  

Meta-analysis regarding post-operative mortality could not pe performed, as one of the two 

included studies (Panici et al. 2005) reported 0 events in both arms. As a result, the risk ratio 

could not be calculated. Harter et al. 2019 reported 10 deaths in the systematic 

lymphadenectomy arm versus 3 deaths in the control arm (RR = 3.34, 95% CI [0.93 – 12.04]), 

which shows a trend towards no lymphadenectomy, although without being statistically 

significant.  

 

All corresponding forest plots can be accessed at the supplementary appendix. 
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Discussion 
 

This meta-analysis demonstrated no survival benefit of patients with advanced EOC treated 

with either therapeutic approach, both in terms of overall survival and progression-free survival. 

Regarding peri-operative morbidity, the “no lymphadenectomy” arm was associated with fewer 

events of lymphoedema or lymphocysts formation and lower rates of blood transfusion. No 

statistically significant difference was observed in the rates of fistula formation between the 

two arms. Finally, as far as post-operative mortality is concerned, a quantitative synthesis could 

not be performed because only one study provided data suitable for analysis (Panici et al. 2005 

reported 0 events in both arms, as a result the risk ratio could not be calculated). Post-operative 

mortality data reported by the LION trial (Harter et al. 2019) demonstrated a non-statistically 

significant trend towards the “no lymphadenectomy” arm (3 deaths versus 10 deaths in the 

systematic lymphadenectomy arm). 

 

To our knowledge, this is the only meta-analysis examining the role of systematic 

lymphadenectomy in patients with advanced EOC that included only RCTs. Previous meta-

analyses published in the literature have based their results in retrospective studies, which are 

prone to a certain degree of bias. The main reason is the selection of patients and the rationale 

behind their potential assignment to each arm. Since systematic lymphadenectomy adds a 

profound burden to the overall treatment plan, patients with comorbidities and a poor 

performance status could find themselves assigned to the “no lymphadenectomy” arm 

regardless of the stage of disease or the histology of the tumour. On the other hand, younger 

patients, in good condition without any comorbidities might have been more prone to undergo 

systematic lymphadenectomy. By including only RCTs to our review, we managed to overcome 

this potential source of bias.   
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Nevertheless, our meta-analysis was still subject to certain limitations, the most profound of 

which was the heterogeneity observed in the recruited population between the two trials. While 

the control arm in the LION trial comprised of patients receiving primary debulking surgery 

without resection of any lymph nodes (patients with clinically positive lymph nodes were 

excluded), patients enrolled in the control arm of Panici et al. trial received resection of all 

macroscopic disease, including any affected lymph nodes. In other words, lymphadenectomy 

was performed to patients in both arms in Panici et al. trial. This could potentially mask the true 

effect of systematic lymphadenectomy on survival, while also add a significant treatment 

burden to the “no lymphadenectomy” arm.  

 

Another source of heterogeneity was the residual disease of patients recruited in both arms after 

debulking surgery. On the one hand, the LION trial only recruited women after complete 

resection of all visible intra-abdominal tumour, while on the other hand Panici et al. recruited 

patients after they were optimally debulked (residual disease <1 cm). As a result, the majority 

of patients enrolled by the latter trial had residual intra-abdominal tumour (<1 cm), which could 

affect their prognosis substantially, since complete resection has been proven to be a crucial 

prognostic factor in patients with advanced EOC.  

 

An additional source of heterogeneity lied in the participating institutions and their evaluation 

for quality of surgery. All centres that participated and enrolled patients in the LION trial 

(Harter et al. 2019) had to qualify for surgical quality. Participating institutions were evaluated 

for their competence in performing complete debulking of intra-abdominal tumours as well as 

complete lymphadenectomy, within a time period of 12 months prior to their participation in 
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the trial. Quality of participating institutions has always been a major concern in trials focusing 

on patients with advanced EOC and our meta-analysis in no exception. As it is now proven that 

qualified centres offer superior survival outcomes to women with advanced stage disease, the 

quality control applied in the LION trial aimed to reduce heterogeneity that arises by different 

level of experience between centres within the same trial. Such an evaluation of the 

participating institutions was not performed by Panici et al. in their trial. This resulted in an 

additional source of heterogeneity for our study.   

In conclusion, despite the aforementioned limitations, our study provides evidence regarding 

the direct comparison of systematic pelvic and para-aortic lymphadenectomy with primary 

debulking surgery alone in patients with advanced EOC. Our data suggest that systematic 

lymphadenectomy does not improve survival, while -in some cases- it is associated with higher 

rates of peri-operative adverse events compared to no systematic lymphadenectomy. In the 

context of high heterogeneity between the included trials, a future RCT enrolling patients only 

after complete debulking has been achieved, while excluding patients with clinically affected 

lymph nodes could provide data that could lead as a to a more definite conclusion regarding the 

role of systematic pelvic and para-aortic lymphadenectomy.  
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SUPPLEMENTARY APPENDIX 

 

 
 
 
 

 
 
 
 

 
 
 
 
 

 
 
 

Graph 1. Forest plot for overall survival. 

Graph 2. Forest plot for progression-free survival. 

Graph 3. Forest plot for blood transfusion needs. 

Graph 4. Forest plot for intestinal fistula formation. 
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Graph 5. Forest plot for lymphoedema or lymphocysts formation. 

Graph 6. Forest plot for post-operative mortality. 
Note: Panici et al. reported 0 events in both arms. As a result, the risk ratio could not be calculated. 

Supplementary Figure 1. Risk of bias assessment. Traffic-light plot. 
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