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Abstract 
Epithelial ovarian carcinoma (EOC) is the most deadly gynecological malignancy. 
Owing to delayed diagnosis as a result of vague symptoms, the five-year survival 
rate of patients with advanced-stage EOC is approximately 30%. The "golden 
standards" to diagnose ovarian cysts and pelvic malignancies of unknown origin 
include the biomarker cancer antigen (CA) 125 and transvaginal ultrasound, but 
early detection is still difficult and specificity is low. Our understanding of the 
etiology and heterogeneity of ovarian cancer has been altered by new information 
on mutations specific to EOC. Mutations occurring within ovarian tumors can be 
detected in liquid biopsies obtained from various compartments.  

This thesis aims to examine the existing and new biomarkers and algorithms for 
EOC detection in a diverse population of women with ovarian tumors. This has been 
achieved through the analysis and comparison of two research papers (I and II). To 
explore innovative approaches for diagnosing gynecological cancer, a specific 
aspect of my thesis centers on the application of circulating tumor DNA (ctDNA) 
and somatic mutations. Specifically, mutation-specific markers are analyzed in 
liquid biopsies obtained from plasma (as discussed in Paper III). The main aim of 
the fourth study is to investigate the potential risk of subsequent cancers among 
women with prior borderline ovarian tumors (BOTs) concerning the general female 
population in Sweden (Paper IV). 

Study I: Peripheral blood samples were obtained from 199 patients admitted for 
primary surgery for adnexal masses. The patients were categorized based on the 
type and stage of their tumors. The plasma levels of histone H3 citrullinated DNA 
(H3Cit-DNA), double-stranded DNA (dsDNA), and CA125 were performed. 
Results: Women with borderline or malignant ovarian tumors had higher plasma 
levels of H3Cit- DNA and dsDNA than those with benign ovarian tumors. Higher 
concentrations of CA125 were observed in both borderline and ovarian cancer 
cohorts, with a statistically significant linear trend (ptrend<0.001). The Cox 
regression analysis showed a significant association between CA125 levels 
dichotomized at the median value of 326 IU/ml and overall survival (OS), indicating 
a higher risk of mortality (HR=1.9; 95%CI=1.03-3.36; p=0.038). No significant 
differences were observed in the survival analyses of malignant ovarian tumors 
when the levels of dsDNA and H3Cit-DNA were examined. In conclusion, our 
findings indicated a lack of correlation between markers of neutrophil extracellular 
traps (NETs) and ovarian tumors. 

Study II: Preoperative peripheral blood samples were collected from 116 patients 
diagnosed with epithelial ovarian cancer (EOC) and scheduled to undergo primary 
debulking surgery. Among these patients, 28 had early-stage EOC (International 
Federation of Gynecology and Obstetrics (FIGO) stages I–II) and 88 had advanced-
stage EOC (FIGO stages III–IV). Protein measurements were performed using 
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Olink Oncology II and Inflammation panels. In total, 177 protein biomarkers were 
analyzed. The combined use of cross-validation and least absolute shrinkage and 
selection operator (LASSO) regression was used to determine the optimal prediction 
models for OS. Results: The model, which incorporated age and a combination of 
three biomarkers (neurotrophin-3, transmembrane glycoprotein NMB, and 
mesothelin), demonstrated a significant association with worse overall survival. The 
area under the curve (AUC) for this model was 0.79, with a p-value of 0.004. The 
inclusion of CA125 and HE4 in the model significantly enhanced the performance 
(AUC=0.83; p=0.003). In a postoperative model that incorporated age and stage (III 
+ IV vs. I + II), the inclusion of a three-biomarker panel consisting of chemokine 
(C-C motif) ligand 28 (CCL28), T-cell leukemia/lymphoma protein 1A (TCL1A), 
and glycoprotein NMB (GPNMB) demonstrated enhanced predictive capability for 
OS. Specifically, the addition of this biomarker panel increased the AUC from 0.83 
to 0.90, which was statistically significant (p=0.05). In the model, the inclusion of 
age and dichotomized stage (III vs. I + II) demonstrated an enhanced predictive 
capability for OS when incorporating the biomarkers CCL28 and GPNMB1 
(AUC=0.86; p<0.001). Elevated CA125 and HE4 levels were significantly 
associated with poor survival outcomes (p=0.05). 

Study III: DNA was extracted from the tumor tissues of 41 patients with ovarian 
tumors. Targeted sequencing was performed using a panel consisting of 127 genes 
that are frequently mutated in cancer to identify potential somatic mutations in the 
tumor DNA. This study used SAGAsafe digital PCR (dPCR) to measure the levels 
of circulating tumor DNA (ctDNA) in plasma samples obtained from patients before 
surgery.  

In this study, somatic mutations were detected in 24 tumors. Of these tumors, seven 
were obtained from patients who had been diagnosed with borderline tumors and 17 
were obtained from patients with invasive cancer. The TP53 gene exhibited the 
highest frequency of mutations. Of the total cohort of 24 patients, 15 showed 
detectable levels of ctDNA in the preoperative plasma. The concentration of mutant 
ctDNA in the plasma demonstrated a significant positive correlation with the 
advanced stage, as indicated by a statistically significant linear trend (ptrend 
<0.001). Patients diagnosed with cancer who showed a plasma concentration of > 
10 copies/mL of ctDNA before surgery experienced notably reduced OS (p=0.008). 

Study IV: A retrospective cohort study was conducted between 1995 and 2018, in 
which samples obtained from cases with borderline ovarian tumors (BOTs) and 
subsequent or simultaneous cancer diagnoses were collected from the Swedish 
Cancer Register and linked to the Total Population Register. Observation and 
tracking of each female participant were carried out until the point of non-ovarian 
cancer occurrence, death, or relocation. To ensure the integrity of the outcome 
analysis, each participant was strictly included only once. The analysis focused on 
the examination of standardized incidence ratios (SIRs) and their corresponding 
95% CIs for non-ovarian cancers. 
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This study included 4,998 women diagnosed with serous and mucinous BOTs. The 
average age at diagnosis was found to be 55.7 years, with a standard deviation of 
16.0. Women diagnosed with BOTs exhibited significantly higher risks of various 
non-ovarian cancers, including colon (standardized incidence ratio [SIR]=2.5), 
rectum (SIR=1.7), small intestine (SIR=5.0), cervix (SIR=2.5), endometrium 
(SIR=2.4), pancreas (SIR=2.3), upper aerodigestive tract (SIR=2.2), lung 
(SIR=1.8), kidney (SIR=2.3), and bladder (SIR=1.8). The incidence of thyroid 
cancer was elevated in women diagnosed with serous borderline ovarian tumors 
(SIR=3.1). The incidence of lung and pancreatic cancers increased beyond the first 
year following a diagnosis of BOTs.  

In conclusion, our first study found no association between NETs markers and 
ovarian tumors. However, a second study that explored the performance of plasma 
protein biomarkers in predicting overall survival (OS), showed promising results. 
Specifically, the addition of biomarkers, especially NT-3, to the panel improved OS 
prediction. The third study indicated that ctDNA in preoperative plasma could serve 
as a valuable predictive biomarker for tumor staging and prognosis in patients with 
ovarian cancer. Lastly, a Swedish population-based study revealed an elevated risk 
of multiple malignancies, including lung and pancreatic cancers, beyond the first 
year of diagnosis in patients with borderline ovarian tumors (BOTs). This finding 
suggests a potentially shared etiology of these cancers. 
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Populärvetenskaplig sammanfattning 
Äggstockscancer är den mest dödliga gynekologiska cancern. På grund av vaga 
symtom som kan leda till fördröjd diagnos, är 5-årsöverlevnaden för en patient med 
avancerad äggstockscancer ungefär 30%. För att undersöka och bedöma tumörer på 
äggstockarna och oklara cancrar i lilla bäckenet, används oftast biomarkören CA125 
och vaginalt ultraljud, men tidig upptäckt är fortfarande svår och specificiteten av 
dessa undersökningar är låg. Vår förståelse av ursprunget och mångfalden av 
äggstockscancer har förändrats på grund av ny information om förändringar i 
arvsmassan (mutationer) som är specifika för äggstockscancer. Mutationer i 
äggstockstumörer kan hittas i tex blodprover och biopsier från tumörvävnad. 

Syftet med min avhandling var att undersöka befintliga och nya biomarkörer och 
algoritmer för diagnostik av äggstockscancer hos kvinnor med äggstockstumörer. I 
det första arbetet utvärderades om nivån av så kallade NET-markörer ökar i 
blodplasman hos patienter med äggstockscancer. NET-markörer kan beskrivas som 
ett nät av DNA strängar som bildas utanför cellkärnan av en särskild grupp av vita 
blodkroppar (neutrofiler) och dessa nät fångar sjukdomsalstrande mikrober av olika 
slag. I det andra arbetet undersöktes hur väl tillägg av vissa biomarkörer i plasma 
och kombinationer av dessa biomarkörer kan förutsäga total överlevnad vid 
äggstockscancer. I arbete III diskuteras specifikt analysen av mutationsspecifika 
markörer i blodprover (ctDNA) erhållna från plasma och hur detta kan bidra till 
korrekt stadieindelning och prognos för patienter med äggstockscancer. 
Huvudsyftet med den fjärde studien var att undersöka den potentiella risken för 
efterföljande cancerformer bland kvinnor med tidigare borderline ovarialtumörer i 
förhållande till den allmänna kvinnliga befolkningen i Sverige (artikel IV).  

Sammanfattningsvis fann den första studien inget samband mellan NET-markörer 
och äggstockstumörer. Den andra studien, som undersökte prestandan hos 
plasmaproteinbiomarkörer för att förutsäga total överlevnad, visade dock lovande 
resultat. Specifikt förbättrade tillägget av biomarkörer, särskilt NT-3, till panelen av 
biomarkörer förutsägelsen av den totala överlevnaden. Fortsatt, den tredje studien 
indikerade att mätning av ctDNA i plasma innan operation kan fungera som en 
värdefull prediktiv biomarkör för tumörstadieindelning och prognos hos 
äggstockscancerpatienter. Slutligen avslöjade den svenska befolkningsbaserade 
studien en förhöjd risk för flera andra cancertyper såsom lung- och 
bukspottkörtelcancer, bortom det första diagnosåret hos patienter med borderline 
ovarialtumörer. Detta kan  tyda på ett möjligt delat ursprung för dessa cancerformer. 
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Santrauka lietuvių kalba 
Kiaušidžių vėžys yra dažniausia mirties priežastis tarp moterų, sergančių  
ginekologiniais piktybiniais navikais. Dėl nespecifinių simptomų ir sudėtingos  
diagnostikos, penkerių metų išgyvenamumas vėlyvose stadijos yra maždaug 30%. 
„Auksinis diagnostikos standartas“ kiaušidžių piktybinių navikų diagnozavime yra 
biomarkeris CA125 ir ultragarsinis tyrimas, tačiau kiaušidžių vėžio ankstyvas 
diagnozavimas vis dar sunkus, o specifiškumas žemas. Mūsų supratimas apie 
kiaušidžių vėžio etiologiją ir nevienalytiškumą pasikeitė dėl naujos informacijos 
apie genų mutacijas, būdingas kiaušidžių vėžiui. Kiaušidžių tumorų DNR ląstelių 
mutacijas galima rasti tumoro audinio biopsijose arba kraujo plazmoje bei ascite. 

Doktorantūros darbo tikslas buvo ištirti esamus ir naujus biomarkerius bei galimus 
algoritmus, skirtus kiaušidžių vėžio diagnostikai. Tai buvo pasiekta pirmojoje ir 
antrojoje mokslinio darbo dalyje. Siekiant išnagrinėti naujausius kiaušidžių vėžio 
diagnostikos metodus, specifinis mano darbo tikslas buvo skirtas naviko genų 
mutacijų ir DNR grandinių (ctDNR), cirkuliuojančiu kraujo plazmoje, nustatymui. 
Pagrindinis ketvirtojo tyrimo tikslas buvo ištirti galimą kitos kilmės vežio riziką 
moterims, kurioms anksčiau buvo nustatytas ribinio piktybiškumo kiaušidžių 
navikas ir palyginti su bendrąja Švedijos moterų populiacija. 

Apibendrinant galima pasakyti, kad pirmasis tyrimas neįrodė ryšio tarp NETs 
(Neutrophil extracellular traps) biomarkerio ir kiaušidžių navikų. Tačiau antrasis 
tyrimas, kurio metu buvo tiriamas plazmos biomarkerių veikimas numatant bendrą 
išgyvenamumą, parodė daug žadančių rezultatų. Biomarkerių, ypač NT-3, 
pridėjimas ir panaudojimas algoritmuose pagerino bendrojo išgyvenamumo 
numatymą. Trečiasis tyrimas įrodė, kad ctDNR matavimas iš kraujo plazmos 
paimtos prieš chirurginį kiaušidžių vėžio gydymą gali būti vertingas nustatant vėžio 
stadiją ir prognozuojant pacientų išgyvenamumą. Ketvirtasis tyrimas atskleidė 
padidėjusią piktybinių navikų, tokių kaip plaučių ir kasos vėžio, riziką po pirmųjų 
diagnozės metų nuo susirgimo ribiniais kiaušidžių navikais. Ši išvada rodo galimą 
bendrą šių vėžių etiologiją ir suteikia galimybę tolimesniems tyrimams ateityje.  
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Introduction 

Epidemiology 
Ovarian cancer is the 8th most common cancer in women worldwide, with more 
than 300,000 new cases per year (1, 2). The incidence varies geographically and the 
highest incidence is in the central and eastern parts of Europe (6.8–15.1 per 100,000) 
and North America (6.8–8.4 per 100,000) (2). In Sweden, approximately 700 new 
cases of ovarian cancer were diagnosed in 2021, with an incidence of 11.2 per 
100,000, mostly in advanced stages. Ovarian cancer can be diagnosed in women of 
all age groups but is rare in younger patients (3), mainly affecting postmenopausal 
women (>50 years). According to data from the Scandinavian Cancer Registry 
(NORDic CANcer database (NORDCAN)), the incidence of ovarian cancer has 
declined (3).  

Figure 1. Worldwide variations in ovarian cancer incidence. Source: Global Cancer Observatory 
(GLOBOCAN). Estimated global ovarian cancer incidence for the year 2020, considering age-
standardized incidence rates. 
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Figure 2. A decline in the incidence of ovarian cancer in Nordic countries since 1960. Source: 
NORDCAN. Incidence of ovarian cancer in Nordic countries from 1960 to 2020, age-standardized 
incidence rates. 

Mortality 
According to the World Health Organization, 207,252 patients with ovarian cancer 
died in 2020. Ovarian cancer is the most lethal gynecological malignancy 
worldwide and the fifth leading cause of cancer-related deaths (4). The mortality 
rate is highest in Northern Europe. A majority of ovarian cancer cases are diagnosed 
at an advanced stage primarily due to the presence of diffuse symptoms. 
Considering these diagnostic challenges, the current scenario entails approximately 
600 annual deaths in Sweden. The projected age-standardized mortality rate for 
2020 was reported at 4.3 per 100,000 individuals. The one-year and five-year 
relative survival (RS) rates were estimated to be 88 and 52%, respectively, in the 
year 2020 (3). A woman’s lifetime risk for ovarian cancer is approximately 2%, and 
the estimated risk of death from OC is 1 out of 100 (5, 6).  
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Etiology 
Ovarian cancer is a heterogeneous disease with a complex and poorly understood 
etiology. While we possess knowledge about certain factors that elevate a woman's 
susceptibility to developing epithelial ovarian cancer (EOC), our understanding is 
considerably less comprehensive concerning the risk factors associated with ovarian 
germ cells and stromal tumors. EOC accounts for the majority of ovarian cancers, 
constituting approximately 90–95% of the cases, whereas the remaining subset, 
including germ cells and stromal tumors, accounts only for 5–10%. The recent 
breakthrough on the origin of ovarian cancer indicates its origin form cells located 
in the fallopian tube fimbriae, rather than solely originating within the ovary. This 
revelation bears significant implications for early detection, development of 
preventive strategies, and specialized therapeutic interventions tailored to combat 
this fatal illness. 

Different theories have been proposed regarding the etiology of EOC. Pregnancy, 
breastfeeding, and use of birth control pills reduce the risk of ovarian cancer. These 
events reduce the number of ovulations (7, 8). These data suggest that the 
development of EOC may be influenced by the impairment of the ovarian surface. 
Repeated trauma to the ovarian epithelium and exposure of the epithelium to 
estrogen-rich follicular fluid lead to epithelial neoplasia. In 2020, Trabert et al. 
reported the occurrence of a linear relationship between lifetime ovulatory cycles 
and ovarian cancer risk (9). 

Another theory suggests that androgens cause ovarian cancer. Modugno et al. 
reviewed epidemiological evidence that androgens might play a role in the 
development of EOC (10); however, other studies do not support this assumption. 
Pooled data from 12 prospective cohort studies identified 2,000 epithelial ovarian 
cancers in approximately half a million women and reported an association between 
a height of 01.7 m and EOC risk, especially in premenopausal women (11). The 
association between height and susceptibility to EOC may align with hormone-
related mechanisms, given that gonadal hormones promote growth during puberty 
(11).  

Dualistic model -Type I and Type II 
Over the past decades, major advances have been made in our understanding of the 
pathogenesis of EOC. Kurman and Shih proposed a dualistic model of epithelial 
ovarian carcinogenesis, categorizing epithelial ovarian cancer into two main groups 
based on its origin and pathogenesis (12, 13). Type I tumors develop over time from 
benign precursors (cystadenomas or endometriosis) to borderline tumors (BOT), 
and then to invasive carcinomas. They grow slowly and are genetically stable. Type 
I tumors include low-grade serous carcinoma (LGSC), endometrioid carcinoma 
(EC), clear cell carcinoma (CCC), mucinous carcinoma, and Brenner tumors. Type 
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I tumors are low-grade tumors, except for clear-cell carcinomas. Mutations can be 
observed in Kirsten rat sarcoma viral oncogene homolog (KRAS), v-raf murine 
sarcoma viral oncogene homolog B (BRAF), receptor tyrosine-protein kinase ErbB-
2 (ERBB2), phosphatase and tensin homolog (PTEN), phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit alpha (PIK3CA), AT-rich interactive 
domain 1A (ARID1A), catenin beta-1 (CTNNB1), and DNA mismatch repair 
(MMR) genes. Type I tumors have a more favorable prognosis, especially if 
restricted to the ovary when diagnosed (stage I) (13).  

Most type II tumors develop from serous tubal intraepithelial carcinoma (STIC) 
(Figure 3), account for 70% of all EOC cases, and are responsible for 90% of all 
deaths from OC, as they are typically diagnosed at an advanced stage with secondary 
spread to the ovaries and peritoneum (stages III–IV). Type II tumors are 
characterized by TP53 mutations and common homologous recombination defects 
(HRD) including breast cancer gene (BRCA)1/2 mutations. They are more 
aggressive, fast-growing, and chromosomally unstable compared to type I tumors. 
Type II tumors include high-grade serous carcinoma (HGSC), carcinosarcoma, and 
undifferentiated carcinomas (13).  

 
Figure 3. (A) The potential role of epithelial-to-mesenchymal (EMT) plasticity during high-grade serous (HGS) 
ovarian cancer progression. (B) EMT plasticity with EMT and mesenchymal-epithelial transition (MET) 
occurring alternately during HGS ovarian cancer progression. Nele Loret et al., The Role of Epithelial-to-
Mesenchymal Plasticity in Ovarian Cancer Progression and Therapy Resistance. Cancers. 2019.  
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Tumor characteristics 
Ovarian carcinoma 
Because of the complex origin of epithelial ovarian cancer, we grouped it into 
subtypes, each of which exhibited different morphological features and biological 
behaviours. Histological subtypes differ in their pathogenesis, gene expression, 
origin, cell subtypes, and molecular characteristics (Table 1) (14, 15). Five main 
types:  

− High-grade serous carcinoma (70%),  

− Endometrioid carcinoma (10%),  

− Clear cell carcinoma (10%),  

− Mucinous carcinoma (3%), 

− Low-grade serous carcinoma (<5%).  

Furthermore, smaller histological variants, including Brenner, seromucinous, 
undifferentiated tumors, and carcinosarcomas, are also present.  

Table 1. Features of the five major subtypes of epithelial ovarian carcinoma (EOC). 

 High-grade 
serous 
carcinoma 

Low-grade 
serous  
carcinoma Endometroid Clear-cell Mucinous 

Frequency 70% <5% 10% 5–10% 3% 
Low- or  
high- grade High-grade Low-grade Low-grade High-grade Low-grade 

Dualistic  
model Type II Type I Type I Type I Type I 

Precursor  
lesions 

Serous tubal 
intraepithelial 
carcinoma 
(STIC) 

Low-grade 
malignant 
lesions, serous 
BOT 

Endometriosis, 
retrograde 
menstruation 

Endometriosis, 
retrograde 
menstruation 

Low-grade 
malignant 
lesions, 
mucinous BOT 

Genetic rise BRCAI/2  HNPCC/Lynch   
Molecular 
abnormalities 
and common 
mutations 

TP 53, BRCAI/2 KRAS, BRAF 

PTEN, ARID IA, 
CTNNBI, 
PIK3CA, KRAS, 
CDKN2A, BRAF 

ARIDIA, 
PIK3CA, 
CTNNB I, 
PTEN, KRAS 

KRAS, 
CDKN2A, 
PTEN 

The typical stage 
of diagnosis Advanced Early or 

advanced Early Early Early 

Prognosis Poor Favorable Favorable Intermediate Favorable 
 

As mentioned earlier, HGSC comprises the majority of EOCs that form according 
to the dualistic model type II (12, 13). Although all these categories belong to EOC, 
their characteristics vary significantly.  
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Borderline ovarian tumors 
Another important subgroup of epithelial ovarian tumors is borderline tumors. In 
contrast to epithelial carcinomas, they do not invade the stroma and have low 
malignant potential. As described by Kurman and Shih, it is formed by the dualistic 
model I when the primary tumor is formed in the ovarian epithelium. In comparison 
to benign epithelial tumors (adenomas), borderline tumors can be considered atypical 
proliferating epithelia with nuclear atypia and are called tumors with low malignant 
potential. The most common borderline tumors are serous (55%) and mucinous (40%) 
(12, 16). Due to the clinical similarity of BOT to the early stages of EOC, we face 
challenges in making a correct diagnosis. In such instances, transvaginal ultrasound 
(TVU) and computed tomography (CT) can aid in diagnosing ovarian carcinoma. 
However, due to the prevalence of borderline ovarian tumors (BOTs) being diagnosed 
in the premenopausal age, when preserving fertility is crucial, supplementary 
diagnostic approaches should be considered. (16-18). 

Ovarian cancer staging 
The recommendations for staging EOC were made according to FIGO and tumor-
node-metastasis (TNM) (19). The FIGO staging criteria and equivalent TNM 
classifications are listed below (20). The first stage is limited to the ovaries, in which 
the disease has not spread to the pelvic peritoneum. In advanced EOC stages, cancer 
spreads to distant organs, most commonly the omentum. The EOC growth path and 
metastatic status have prognostic significance and bear critical importance when 
determining the treatment choice (19, 21, 22).  
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Stage I: Tumor confined to ovaries or fallopian tube(s) T1-NO-MO 

IA: Tumor limited to 1 ovary (capsule intact) or fallopian tube; no tumor on 
ovarian or fallopian tube surface; no malignant cells in the ascites or peritoneal 
washings 

T1a-NO-MO 

1B: 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 

T1b-N0-M0 

IC: Tumor limited to 1 or both ovaries or fallopian tubes, with any of the 
following:  

 

− IC1: Surgical spill T1c1-N0·M0 

− IC2: Capsule ruptured before surgery or tumor on ovarian or 
fallopian tube surface  

T1c2-N0-M0 

− IC3: Malignant cells in the ascites or peritoneal washings T1c3-N0-M0 

Stage II: Tumor involves 1 or both ovaries or fallopian tubes with pelvic 
extension (below pelvic brim) or peritoneal cancer 

T2-N0-M0  

IIA: Extension and/or implants on uterus and/or fallopian tubes and/or ovaries T2a-N0-M0 

IIB: Extension to other pelvic intraperitoneal tissues T2b-N0-M0 

Stage Ill: Tumor involves 1 or both ovaries or fallopian tubes, or 
peritoneal cancer, with cytologically or histologically confirmed spread 
to the peritoneum outside the pelvis and/or metastasis to the 
retroperitoneal lymph nodes 

T1-3/N01/M0 

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

− IIIA1(i) Metastasis up to 10 mm in greatest dimension 
− IIIA1(ii) Metastasis more than 10 mm in greatest dimension 

T1/T2-N1-M0 

IIIA2: Microscopic extrapelvic (above the pelvic brim) peritoneal involvement 
with or without positive retroperitoneal lymph nodes  

T3a2-N0/N1-M0 

IIIB: Macroscopic peritoneal metastasis beyond the pelvis up to 2 cm in 
greatest dimension, with or without metastasis to the retroperitoneal lymph 
nodes 

T3b-N0/N1·M0 

IIIC: Macroscopic peritoneal metastasis beyond the pelvis more than 2 cm in 
greatest dimension, with or without metastasis to the retroperitoneal lymph 
nodes (includes extension of tumor to capsule of liver and spleen without 
parenchymal involvement of either organ) 

T3c-N0/N1-M0 

Stage IV: Distant metastasis excluding peritoneal metastases Any T, any N, M1 

Stage IVA: Pleural effusion with positive cytology 
Stage IVB: Parenchymal metastases and metastases to extra-abdominal 
organs (including inguinal lymph nodes and lymph nodes outside of the 
abdominal cavity) 

 

Figure 4. Staging of ovarian-, tubal-, and primary- peritoneal cancer according to FIGO and TNM. 
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Risk factors for epithelial ovarian cancer 
Several risk factors are associated with EOC. Some of them are determined by 
lifestyle factors such as smoking, obesity (7), nulliparity (23) and potentially the use 
of hormone replacement therapy (HRT) (24). Other factors include early menarche 
(before the age of 12 years), late natural menopause (1), familial history of OC, 
endometriosis, and genetic mutations (25).  

Endometriosis  
The term endometriosis and the relationship between endometriosis and EOC were 
first described at the beginning of the 20th century by Sampson et al. (26). Globally, 
endometriosis affects approximately 10% of women and girls within the 
reproductive age (27) and this condition is associated with an elevated risk of 
developing clear cell and endometrioid cancers (28). In a study conducted in the 
Netherlands, the relationship between endometriosis and EOC was shown by the 
age-adjusted incidence rate ratios (IRR) of 3.92 (95% CI 2.19–7.01) for clear cell 
ovarian cancer and 2.39 (95% CI 1.28–4.45) for endometrioid ovarian cancer (29). 
Endometriosis is considered a primary risk factor associated with the development 
of CCC of the ovary, as it is identified in more than 50% of patients with clear cell 
carcinoma (30) and 30–40% of all endometrioid OC (31). Associations between 
endometriosis and EOC have been reported previously; however, the underlying 
molecular and cellular mechanisms remain unclear. Recent studies have suggested 
a possible genetic link between EC, CCC, and endometriosis (22, 26, 30). Driver 
mutations in PIK3CA, KRAS, ARID1A, and other genes have been found in pelvic 
endometriotic tissues and EOC (32).  

BRCA 
An inherited susceptibility to EOC is present in at least 15% of patients, most of 
whom have germline mutations in BRCA1/2. Up to 50% of patients with HGSC 
may exhibit homologous recombination deficiency (HRD) mediated by 
mechanisms, such as germline BRCA mutations, somatic BRCA mutations, or 
BRCA promoter methylation (33). Carriers of BRCA1/2 mutations have an 
increased lifetime risk of ovarian cancer (BRCA1 40–60% (34) and BRCA2 11–
30%) (35). Patients diagnosed with EOC with BRCA1/2 mutations exhibit several 
clinical characteristics, including an increased likelihood of platinum sensitivity and 
enhanced survival rates compared to those with non-BRCA-related ovarian cancer 
(33).  

EOC formation from serous tubal intraepithelial carcinoma (STIC) in dualistic 
model II is characterized by TP53 mutations. Mutations in the TP53 gene are 
extremely common and occur early in the progression of serous ovarian cancer (36). 
TP53 mutations, which result in p53 dysfunction, are associated with genomic 
instability in cancer cells. This instability can manifest as high levels of copy 



24 

number alterations, that is, changes in the copy numbers of certain genes in the 
genome. These alterations can occur in extended chromosomal regions and small 
focal aberrations, resulting in gene amplification or loss (37, 38). 

The tumor suppressor protein, p53, plays a crucial role in maintaining genomic 
stability by regulating cell cycle, DNA repair, and apoptosis. Mutations in the TP53 
gene, which encodes p53, can impair its function and lead to the loss of genomic 
stability. This can result in the accumulation of DNA damage, errors in DNA 
replication, and an increased risk of chromosomal abnormalities (39). 

One consequence of genomic instability in cancer cells is copy number alterations. 
These alterations include amplifications or losses, which result in an increase or 
decrease in the number of copies of a gene, respectively. Copy number alterations 
can affect key oncogenes or tumor suppressor genes and contribute to the 
development and progression of cancer (40). 

Studies have shown that TP53 mutations are associated with high copy number 
alterations in several types of cancer, including ovarian cancer. This genomic 
instability can lead to drug resistance, making TP53 mutations an important factor 
to consider when developing targeted cancer therapies (37, 41). 

Overall, TP53 mutations and p53 dysfunction can contribute to genomic instability 
and copy number alterations in cancer cells, which carry profound implications for 
both the development and progression of cancer. Understanding these mechanisms 
may provide new insights into cancer biology and lead to the development of novel 
therapeutic strategies for cancer treatment (42, 43). Furthermore, there are 
additional gene mutations that have not undergone as thorough scrutiny as the 
aforementioned ones, underscoring the need for an expanded research effort. 

Protective factors 
In the context of risk factors, it is pertinent to acknowledge that certain factors could 
potentially be subject to modification by patients, whereas others could remain 
unalterable. It has already been proved that the number of births, breastfeeding, and 
use of oral contraceptives reduce the number of ovulations and risk of EOC (7). 
Given the etiological considerations of EOC originating from fallopian tube 
fimbriae, the practice of prophylactic salpingectomy becomes significantly relevant 
for patients undergoing benign hysterectomy (44-46).  

Prophylactic salpingo-oophorectomy has been recommended as a risk-reducing 
strategy for women with BRCA gene mutations who are at a high risk of developing 
ovarian cancer. The fallopian tubes have been identified as the site of origin in many 
cases of high-grade serous ovarian carcinoma. 
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Several studies have suggested that prophylactic salpingo-oophorectomy can 
significantly reduce the risk of HGSC in women with BRCA gene mutations. One 
study reported that prophylactic salpingo-oophorectomy was associated with an 
80% reduction in the risk of developing ovarian cancer in women with BRCA1 or 
BRCA2 mutations compared to those who did not undergo the procedure (47, 48). 

Prophylactic salpingectomy can be performed either alone or in combination with 
prophylactic oophorectomy. Some women may choose to undergo both procedures 
to reduce their risk of developing ovarian cancer, whereas others may choose to 
undergo salpingectomy alone to preserve their fertility. 

Prophylactic salpingo-oophorectomy is generally considered a safe and effective 
risk-reducing strategy with a low risk of surgical complications. However, it is 
important to note that the procedure is not 100% effective in preventing ovarian 
cancer, and women who undergo the procedure need to be closely monitored for 
signs or symptoms of the disease (48). 

In general, prophylactic salpingo-oophorectomy is a crucial risk-reducing strategy 
for women with BRCA gene mutations who are at a high risk of developing ovarian 
cancer. It can be suggested as an integral component of a comprehensive risk 
reduction plan that may also include regular surveillance (49). 

Diagnosis  
Ovarian cancer is usually diagnosed at advanced stages owing to non-specific 
symptoms, such as abdominal distension, frequent urination, fatigue, and dyspepsia, 
among others. Patient survival rates and quality of life vary significantly depending 
on the EOC stage. As mentioned above, patients diagnosed with EOC in the first 
stage demonstrate a five-year survival rate exceeding 90%. In light of these survival 
outcomes contingent on the disease stage and leveraging the successful screening 
for other gynecological malignancies, such as cervical cancer, and the progress 
made in diagnostic methodologies, dedicated efforts are being made to develop an 
effective screening program. High expectations have revolved around the biomarker 
CA125, both in isolation or in combination with other biomarkers, as well as its 
integration with ultrasound. A large-scale study called the United Kingdom 
collaborative trial of ovarian cancer screening (UKCTOCS) (50) examined whether 
screening could be useful in ovarian cancer. Over 200,000 women participated in 
this study. At the end of the study, screening did not significantly reduce ovarian 
and tubal cancer deaths, and screening in the general population could not be 
recommended (51). However, even before the results of the UKCTOCS study were 
published, other research and diagnostic methods were attempted (51).  
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Biomarkers 
In the biomedical context, a biomarker, also known as a biological marker, refers to 
a quantifiable characteristic that serves as an indicator of a biological state or 
condition (52). In the context being discussed, the CA125 biomarker is specifically 
relevant to ovarian cancer. Biomarkers play a crucial role in disease diagnosis and 
are essential for accurate and efficient identification of diseases. However, it is 
critical that biomarkers are not only accurate and precise but also fast and cost-
effective. These qualities are necessary to ensure that biomarkers are widely 
accessible and can be used in clinical practice. Identifying new biomarkers is a 
complex and slow process, often requiring several years before they can be used in 
clinical practice (52).  

Several biomarkers have already been used for the diagnosis of ovarian cancer, the 
most commonly used being Cancer Antigen 125 (CA125) and human epididymis 
protein 4 (HE4) antigens. Notably, new biomarkers that can potentially be used in 
practice to further personalize the diagnosis and treatment of EOC are available. 
The most promising biomarkers are cell-free deoxyribonucleic acid (cfDNA), 
circulating tumor DNA (ctDNA), exosomes, and microRNAs. 

CA125  
Robert Bast and Robert Knapp and their research team first isolated this monoclonal 
antibody in 1981 (53). The protein received the name "cancer antigen 125" because 
it was recognized by the OC125 antibody, which happened to be the 125th antibody 
produced during the study of the ovarian cancer cell line. (54). The ovarian cancer-
related tumor marker, CA125, is a protein that in humans is encoded by the mucin 
(MUC)16 gene (55, 56) and is important for the diagnosis of EOC. CA125 is 
expressed and secreted by the epithelial ovarian tumors and other tissues (fallopian 
tubes, endometrium, endocervix, peritoneum, pleura, and pericardium). CA125 
expression varies between tumor histological subtypes and can be elevated in benign 
ovarian tumors as well as in many other benign conditions, including endometriosis, 
pelvic inflammatory disease, early pregnancy, all-cause ascites, and congestive 
heart failure (57, 58). Owing to these limitations in sensitivity and specificity, 
CA125 is less useful as a diagnostic tool for EOC. Furthermore, in the advanced 
stages of EOC, more than 80% of patients exhibit elevated serum levels of CA125 
(>35 U/mL), whereas, in the early stages, less than half of the EOC cases 
demonstrate an increase. (59). To improve diagnostic performance, CA125 has 
been used in combination with other biomarkers and transvaginal ultrasound (TVS). 

HE4 
HE4 is also known as the human epididymis protein 4 or WFDC2 (WAP four-
disulfide core domain protein 2). HE4 is expressed in normal tissues of the female 
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reproductive tract, including the ovaries and fallopian tubes. It is also expressed in 
several types of cancer cells, including ovarian, endometrial, and lung cancer cells. 

In ovarian cancer, HE4 is elevated and it has been studied as a potential biomarker 
for its diagnosis and monitoring of ovarian cancer. HE4 is often used in combination 
with another biomarker, CA125, in diagnostic tests for ovarian cancer, as 
exemplified by the Risk of Ovarian Malignancy Algorithm (ROMA). 

HE4 has several advantages over CA125 as an OC biomarker. For example, HE4 is 
less likely to be elevated in women with non-cancerous conditions, such as smoking, 
endometriosis, or fibroids, which can lead to false positives when using CA125 
alone (60, 61). Additionally, HE4 is more sensitive and specific than CA125 for 
detecting early-stage ovarian cancer (62, 63). 

HE4 has also been studied as a potential prognostic biomarker for ovarian cancer, 
with higher levels of HE4 in the blood associated with poor prognosis and shorter 
survival times in women with ovarian cancer (64). 

Although HE4 is a promising biomarker for ovarian cancer, but can be elevated in 
pancreatic, lung, and other cancer types (65, 66). Therefore, HE4 levels should be 
interpreted in conjunction with other diagnostic tests and clinical assessments when 
evaluating women with ovarian or other cancer types. 

Circulating tumor DNA (ctDNA) 
Circulating tumor DNA is the genetic material that is released into the bloodstream 
by cancer cells as they undergo apoptosis or necrosis (67). ctDNAs can be detected 
and analyzed using a simple blood test, making it a promising tool for the early 
detection and monitoring of cancer (68). 

In ovarian cancer, ctDNAs have been studied as potential biomarkers for the 
diagnosis and monitoring of the disease (69). Analysis involving ctDNA has shown 
promise in detecting ovarian cancer at earlier stages than traditional diagnostic 
methods involving biomarker tests. In addition, ctDNA analysis may detect residual 
disease or recurrence earlier than imaging or other clinical assessments (70). 

One study published in the Journal of Ovarian Research in 2020 evaluated the use 
of ctDNA to monitor response to treatment in women with ovarian cancer (71). This 
study found that ctDNA levels decreased in women who responded to treatment and 
increased in those who did not, suggesting that ctDNA analysis may be a useful tool 
for monitoring the treatment response and guiding treatment decisions (71). 

Overall, ctDNA analysis holds promise as a tool for early detection and monitoring 
of ovarian cancer. However, further research is required to fully validate its clinical 
utility and optimize its use in the diagnosis and management of ovarian cancer. 
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Algorithms 
Risk of Ovarian Malignancy Algorithm (ROMA) 
The Risk of Ovarian Malignancy Algorithm (ROMA) is widely used to differentiate 
benign pelvic tumors from ovarian cancer. The ROMA score was calculated using 
the levels of two proteins, CA125 and HE4, and the patient’s menopausal status. 
This score is used to assess the likelihood of ovarian cancer development. 

More than a decade ago, Moore et al. introduced the Risk of Ovarian Malignancy 
Evaluation (ROME) Study, which aimed to validate a predictive model for assessing 
the risk of EOC in women with pelvic masses (72). The study found that the ROMA 
model served as a robust tool for predicting the risk of EOC, thus demonstrating its 
potential to effectively triage patients, warranting subsequent assessment and 
management at specialized centers of expertise. 

However, the ROMA score is not intended to be used as a screening tool for ovarian 
cancer. Instead, it is used to help clinicians differentiate benign pelvic masses from 
ovarian cancer in women who have already been diagnosed with pelvic masses. The 
ROMA score is the most useful in guiding further diagnostic testing and referral to 
gynecologic oncologists for women with a high likelihood of ovarian cancer based 
on their ROMA score (73, 74). 

Risk of Malignancy Index (RMI)  
The Risk of Malignancy Index (RMI) was used to assess the likelihood of ovarian 
cancer in women with ovarian tumors. The RMI combines three factors: ultrasound 
features of the tumor, serum CA125 levels, and menopausal status. 

The RMI was developed to help healthcare providers identify women with ovarian 
tumors who are at higher risk of ovarian cancer and may need further testing or 
referral to a gynecological oncologist for surgical intervention (75). This index has 
been validated in multiple studies and is considered a reliable tool for predicting the 
risk of ovarian cancer (76). 

The RMI score is calculated using the following formula: 

RMI = U x M x CA125 

Where: 

U = ultrasound score (1–3) 

M = menopausal status score (1–3) 

CA125 = serum CA125 level in U/ml 
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The ultrasound score is based on the appearance of the tumor on ultrasound imaging, 
with higher scores indicating a greater likelihood of malignancy. The menopausal 
status score is based on a woman's age and menopausal status, with higher scores 
indicating a greater likelihood of malignancy in postmenopausal women. 

The RMI score ranges from 0 to > 200, with higher scores indicating a greater 
likelihood of malignancy. A score reaching or exceeding 200 is indicative of a high 
level of suspicion for ovarian cancer, necessitating an immediate referral to a 
gynecological oncologist (77). 

It is important to note that the RMI is not a definitive diagnostic tool for ovarian 
cancer and should be used in conjunction with other diagnostic tests and clinical 
assessments. Women with a high RMI score may still have benign tumors, and those 
with a low RMI score may still have ovarian cancer. Therefore, it is important to 
individualize the management of ovarian tumors based on the patient's clinical 
presentation and risk factors (78). 

Ultrasound 
Ultrasound is an excellent diagnostic method of considerable significance in the 
diagnosis of ovarian cancer (79, 80). Although its potential as a screening method 
has not yet been definitively established, its value remains notably high, particularly 
when performed by highly skilled specialists (51). Guidelines have been developed 
to provide a structure and assistance in distinguishing between benign and cancerous 
tumors. The Simple Rules comprise a preoperative classification system for ovarian 
tumors. It consists of ten features, five of which are typical for benign tumors (B-
features) and the other five for malignant tumors (M-features) (81). Simple Rules 
can be applied to diagnose ovarian cancer in women who require surgery and have 
at least one persistent adnexal (ovarian, para-ovarian, or tubal) tumor. Depending 
on whether B-features, M-features, both, or none are present, tumors are classified 
as Benign, Malignant, or Inconclusive, respectively. Specifically, if only B-features 
are applied, the tumor is classified as benign; if only M-features are applied, it is 
classified as malignant; and if no features are applied or both B- and M-features are 
applied, the tumor is classified as inconclusive.  

The Logistic Regression model 2 and ADNEX model 
The Logistic Regression model 2 (LR2) and Assessment of Different NEoplasias in 
the adneXa model (ADNEX) multivariable models are two ultrasound-based 
models with greater diagnostic accuracy for the preoperative evaluation of ovarian 
cancers recommended by the International Ovarian Tumor Analysis (IOTA). The 
LR2 is a multivariable model that calculates the likelihood (%) of malignancy of 
adnexal mass (82). Timmerman et al. introduced the LR2-model, which integrates 
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clinical data (age) and ultrasounds findings (ascites, blood flow within a solid 
papillary projection, maximum width of the solid component within a mass, 
irregular cyst walls, and the existence of acoustic shadows) (83). The ADNEX 
multivariable model was used to calculate the probability of malignancy of an 
adnexal tumor. The combination of clinical data (age, healthcare setting), ultrasound 
characteristics (maximum mass diameter, proportion of solid tissue, number of 
papillary projections, presence of more than 10 cyst locules, acoustic shadows, and 
presence of ascites), and CA125 levels, holds promise for the preoperative 
differentiation of benign, borderline, early stage, and advanced malignancies in 
ovarian masses (84). 

Computed tomography (CT), positron emission 
tomography-CT, and magnetic resonance imaging 
(MRI) 
Computed tomography is an effective diagnostic method with potential diagnostic 
value for cancer (85). However, for evident reasons (cumulative radiation dose or 
specificity), this method cannot be used for screening. CT has limitations in 
accurately identifying and defining the extent of lesions in the small pelvis. This 
imaging method is generally not specific, except in cases of fatty or calcified 
dermoid cysts or teratomas, where it can provide more precise information. 
However, the true strength of CT lies in its ability to detect intraperitoneal spread, 
such as tumor growth within the abdominal cavity, liver metastases, and metastases 
outside the abdominal region. Therefore, although CT may have limited value in 
assessing the characteristics and delineation of lesions in the small pelvis, it is highly 
valuable for identifying and evaluating the spread of cancer to other areas, aiding in 
the overall staging and management of the disease. 

Advanced imaging methods such as positron emission tomography-CT (PET-CT) 
and MRI have been useful for identifying and staging a variety of malignancies (86). 
While PET/CT and MRI can provide valuable insights into ovarian cancer diagnosis 
and staging, their limitations in terms of specificity, sensitivity, tissue 
differentiation, and the complexity of ovarian tissue can impact their role in routine 
diagnosis (87, 88). Nonetheless, they have been proven to be excellent diagnostic 
tools when disease relapse or distant metastasis is suspected.  

Computed tomography (CT) continues to be the initial diagnostic step for ovarian 
cancer. However, owing to recent advancements, particularly in MRI technology, 
radiologists can now provide imaging characteristics that can help gynecologists 
identify patients suitable for achieving complete cytoreduction (86, 89).  
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Prognostic factors  
Several prognostic factors influence ovarian cancer outcomes. 

Stage: Ovarian cancer is staged based on the extent of the disease, with higher 
stages indicating a more advanced disease and worse prognosis (1). 

Histology: The histology or subtype of ovarian cancer can also affect the prognosis, 
with high-grade serous ovarian cancer being the most common and aggressive 
subtype (90, 91). 

Tumor grade: Tumor grade, which reflects the degree of cancer cell differentiation, 
can also affect prognosis. Higher-grade tumors are generally more aggressive and 
have a worse prognosis (91, 92). 

Age and performance status: Younger women with ovarian cancer tend to have a 
better prognosis than older women because younger patients are often more 
responsive to treatment and have a lower risk of developing comorbidities. The 
performance status of patients, which reflects their ability to perform daily activities 
and self-care, can also influence their prognosis. Patients with better performance 
status tend to have a better prognosis (2, 93). 

Residual disease after surgery and response to treatment: The amount of 
residual disease left after surgery, or the presence of residual disease, also affects 
prognosis. Patients with no or minimal residual disease (less than 0.5 cm) have a 
better prognosis than those with a larger amount of residual disease (94, 95). The 
response of the tumor to initial treatments, such as chemotherapy, can also influence 
prognosis. Patients who respond well to treatment tend to have a better prognosis 
than those who do not (96, 97). 

Genetic mutations: The presence of BRCA1/2 mutations is another factor. Women 
with these mutations are more responsive to certain types of platinum-based 
chemotherapy and are also candidates for targeted therapies such as poly (ADP-
ribose) polymerase (PARP) inhibitors (98, 99). In terms of prognosis, women with 
BRCA/2 mutations diagnosed with ovarian cancer exhibit better outcomes than 
noncarriers lacking BRCA1/2 mutations (99, 100).  

Biomarkers: CA125 (101) and HE4 (102, 103) have emerged as significant 
prognostic indicators for ovarian cancer (104), aiding in the assessment of disease 
severity and potential outcomes. The EOC stage was associated with the absolute 
values of CA125. CA125 levels higher than 500 U/mL in high-grade serous 
carcinoma (105) and the advantageous stage of EOC can predict patient operability 
and survival rate (101).  

Overall, a combination of these factors can be used to determine the prognosis of 
patients with ovarian cancer and guide treatment decisions. 
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Aims of the thesis 

The primary objective of my doctoral thesis is to evaluate new biomarkers for EOC 
and analyze the risk of subsequent or simultaneous cancers in women with 
borderline tumors.   

• The first study aims to evaluate whether the levels of NETs (double-
stranded DNA (dsDNA) and the NET-specific marker H3Cit) increase in 
the plasma of patients with malignant ovarian tumors.  

• The second study aims to identify new protein biomarkers and biomarker 
panels to improve the prediction of ovarian cancer survival.  

• The third study aims to measure tumor-specific mutations in the plasma of 
ovarian cancer and borderline ovarian tumors (BOT) following targeted 
sequencing of primary tumor tissues and to relate ctDNA measurements to 
clinicopathological features and patient outcomes. 

• The fourth study aims to analyze the risk of subsequent or simultaneous 
cancers in women with BOTs compared to the general female Swedish 
population. 
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Material and methods 

Paper I 
Prior to primary surgery for the removal of adnexal masses, peripheral blood 
samples were obtained from 199 patients admitted to the Department of Obstetrics 
and Gynecology in Lund, Sweden, between October 2014 and December 2017. The 
blood was collected in citrate tubes and the plasma was stored at −80˚C until 
analyzed. These patients were chosen to represent a range of ovarian tumor patients 
as well as some other pelvic malignancies from the GUNNEL biobank at Lund 
University, Medicon Village. Patient data and information on thromboembolic 
events were obtained from the GynOp Registry. Data collection from patients 
undergoing gynecological surgery according to the Swedish GynOp Registry began 
in 1997. Since 2004, GynOp has included major gynecological surgical procedures. 
The use of the registry is not obligatory, and certain regions have traditionally 
submitted data to other surgical quality registries (Gyn-Kvalitets-Registret (GKR)). 

All data were sorted based on the tumor type and cancer stage, including benign (B), 
borderline (BOT), Stage I ovarian (EOC Stage I), Stage II–IV ovarian (EOC Stage 
II-IV), and other cancers. The amount of dsDNA was measured using a Quant-iT 
PicoGreen dsDNA assay (Invitrogen) following the manufacturer’s instructions. 
Nucleosomal H3Cit (H3Cit-DNA complexes) was measured using an in-house 
enzyme-linked immunosorbent assay (ELISA) as previously described (106). 
CA125 levels were analyzed using a commercial electrochemiluminescence 
immunoassay Elecsys CA125 kit (Roche Diagnostics Scandinavia AB, Bromma, 
Sweden) following the manufacturer’s instructions. 

Statistical analyses 
The data were analyzed using a variety of statistical tests, including Student's t-test, 
Pearson’s chi-square test, and analysis of variance (ANOVA) with Bonferroni's post 
hoc test. Linear regression with log-transformed values was used to analyze the 
trends across groups. Survival probabilities were calculated using the Kaplan-Meier 
method and log-rank test. The Cox proportional hazards model was used for both 
univariate and multivariate analyses, with hazard ratios (HR) and 95% confidence 
intervals (CI) reported as point estimates. Assumptions of proportional hazards were 
visually verified as required. Power analysis was conducted with a 5% significance 
level and 90% power, which determined that a minimum of 21 patients were needed 
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in each group to detect a difference of 7% or more in the mean values of the H3Cit 
variable between the groups. All statistical analyses were performed using SPSSTM 
26.0 2019 (IBM Corp, Armonk, NY, USA), and two-sided comparisons were 
performed. 

Paper II 
Peripheral blood samples were collected from 180 women with adnexal masses who 
were admitted for surgery at the Department of Obstetrics and Gynecology, Skåne 
University Hospital, Lund, Sweden, between 2005 and 2012. The blood samples 
were collected before the surgery in citrate tubes, then centrifuged, and the plasma 
was stored at −20°C until analyzed. All diagnoses were confirmed by 
histopathological examination and the disease was staged according to the FIGO 
criteria. Patients who received neoadjuvant chemotherapy were excluded. The 
patient group consisted of 28 early-stage EOC cases (FIGO stages I–II) and 88 
advanced-stage EOC cases (FIGO stages III–IV). Frozen plasma samples were 
analyzed using Olink Proteomics AB (Uppsala, Sweden). 

To measure proteins, the Olink Oncology II and Inflammation Panels from Olink 
Proteomics AB were used, following the manufacturer's instructions. The specific 
biomarkers included in each panel are listed in a previous study by Leandersson et 
al. (107). The assays employed Proximity Extension Assay (PEA) technology, 
which has been previously described (108) and was carried out at Olink Proteomics 
AB. The technicians who conducted the analyses were blinded to the patients' 
disease status. The samples were randomly distributed across the plates and 
analyzed in duplicate. Internal controls were used for quality assurance and 
normalization, and an interplate control was used to adjust for intra- or interplate 
variability. All assay validation data are available on the manufacturer's website. Of 
the EOC cases, six did not pass the internal quality control of the PEA analyses and 
were excluded from the statistical analyses because of either significant 
intracorrelation variance or the inability to read one of the duplicate samples.  

Statistical analyses 
To determine whether certain combinations of proteins were linked to survival at 
the 60-month mark, a combination of LASSO regression and cross-validation 
techniques was used. The selection of the 60-month time point was based on the 
frequent reporting of five-year survival rates in the existing literature. The data was 
randomly split into a training set and a test set, with the shrinkage parameter (λ) 
being determined using k-fold cross-validation on the training set. The λCV was 
subsequently utilized on the test set to perform variable selection, with the selected 
variables and their coefficients being saved and the process repeated ten times. The 
variables were then ranked based on their selection frequency and the sum of their 
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estimated coefficients, with the lowest ranked variable removed, and the process 
was repeated until the final model was selected. This method has been previously 
described by Leandersson et al. (2020). The final models were estimated using 
logistic regression, and the probabilities predicted by this model were used to 
evaluate their discriminatory abilities. A nonparametric bootstrap procedure was 
used to construct the receiver operating characteristic (ROCs) curves, and the AUC 
was calculated with 95% confidence intervals. All analyses were conducted using 
R v 4.1.0 (109). 

Paper III 
In this study, peripheral plasma samples were collected from 41 patients admitted 
to the Department of Obstetrics and Gynecology in Lund, Sweden between October 
2004 and December 2012 for primary surgery of adnexal masses. The samples were 
obtained either the day before surgery or the same day and stored at −80°C until 
further analysis. Fresh frozen tumor biopsies from the same patients were also 
obtained and stored at −80°C until further analysis. The patient cohort was selected 
as a representative sample of patients with ovarian tumors from the biobank and 
grouped according to tumor type and cancer stage: benign (B), borderline (BOT), 
and ovarian cancer (OvCa Stage I–IV). 

DNA was extracted from tumor samples using the AllPrep DNA/RNA Mini Kit 
(Qiagen) from samples obtained between 2018 and 2020. The tumor DNA samples 
were sheared to an average size of 250 bp using a Covaris ultrasonicator before 
generating Illumina-compatible sequencing libraries using the KAPA HyperPrep Kit 
(Roche). Total library yields were measured using Qubit and size distributions were 
checked using a BioAnalyzer (Agilent) before adding equimolar amounts of each 
library to pools subjected to target enrichment. The targeted regions of the 41 libraries 
were hybridized according to the manufacturer's protocol with either the xGen Pan-
Cancer Panel (Integrated DNA Technologies; IDT) containing 127 cancer-associated 
genes or a custom xGen Lockdown Probes panel covering exons and hotspots in 14 
genes recurrently mutated in cancer (IDT). Finally, the hybridized libraries were 
sequenced using either an Illumina NextSeq 550 or MiSeq instrument. A more 
comprehensive explanation of these methods is provided in the published article. 

Statistical analysis of the data involved the use of ANOVA with Bonferroni 
correction as a post hoc test, and trends across ordered groups were analyzed using 
linear regression with log-transformed values. Overall survival probabilities were 
calculated using the Kaplan-Meier method and assessed using the log-rank test. 
Statistical comparisons were conducted on a two-sided basis with a 5% level of 
significance. SPSS 26.0 (IBM Corp, Armonk, NY, USA) was used for all statistical 
analyses. 
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Paper IV 
Study design, population, and setting: A nationwide open-cohort study was 
conducted in Sweden between 1995 and 2018 that included a total population of 
6,838,524 women residing in the country at the study’s inception. The study had a 
total follow-up of 116,406,014 person-years. 

Ascertainment of the main predictor variable: Serous or mucinous ovarian 
borderline tumors (BOTs) were obtained from the Swedish Cancer Register 
between 1995 and 2018, which had achieved full national coverage by that time. 
Serous BOTs (84423 and 84513) and mucinous BOTs (84723) were identified using 
SNOMED-10 codes. However, codes for clear cell (84,623, n=384) and 
endometrioid borderline tumors (83801, 83802, 83811, n=35) were excluded 
because of the small number of cases. The study included 4,998 women diagnosed 
with any type of BOTs, except for two cases with missing information.  

The study’s outcome variables encompassed non-ovarian cancer, identified through 
meticulous utilization of the comprehensive Swedish Cancer Register, employing 
the 7th revision of the International Classification of Diseases (ICD-7) (as illustrated 
in the results (Table 2)). Each participant was included only once for each study 
outcome. To evaluate the potential differences among women who later developed 
nonovarian cancers, certain parameters, such as age, period (years since BOT 
diagnosis), highest educational level (as a proxy for socioeconomic status), and 
geographical region were included as covariates. The age groups selected were <60, 
60–69, and >70 years of age, as most cancers occur in older age groups. The aim of 
including these covariates was to investigate whether there were any specific period, 
age, socioeconomic status, or regional differences among women who developed 
non-ovarian cancers.  

The data for the study were collected from two sources: the Swedish Cancer 
Register (managed by the National Board of Health and Welfare; in Swedish: 
Socialstyrelsen) and the Total Population Register, managed by Statistics Sweden. 
The Cancer Register provides information on BOTs and outcomes, whereas the 
Population Register contains data on the population of women in Sweden during the 
study period, along with covariates and details on emigration and death. The Total 
Population Register is considered nearly 100% complete for the entire national 
population. All linkages between registry data were conducted using a unique 10-
digit personal identification number assigned to each person for their lifetime upon 
birth or immigration. However, the research group only had access to a 
pseudonymized version of this number to maintain the confidentiality of all 
individuals. 
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Table 2. Number of cases of cancer (non-ovarian cancer) in women in Sweden, 1995–2018 
Tumor ICD-7 codes Number of cases % 

Breast                       170 152,517 29 
Colon                        153 41,720 7,9 
Lung                         162, 163 36,128 6,9 
Endometrium                  172, 174 31,922 6,1 
Skin                         191 31,693 6 
Melanoma                     190 27,427 5,2 
Primary unknown              199 18,040 3,4 
Leukemia                     204, 205, 206, 207, 208, 209 17,987 3,4 
Rectum                       154 17,450 3,3 
Nervous system               193 16,798 3,2 
Non-Hodgkin’s lymphoma  200, 202 16,123 3,1 
Bladder                      181 13,633 2,6 
Endocrine gland 195 13,228 2,5 
Pancreas                     157 11,593 2,2 
Cervix                       171 11,014 2,1 
Liver                        155, 156 10,183 1,9 
Kidney                       180 9,538 1,8 
Stomach                      151 8,103 1,5 
Upper aerodigestive tract    140, 141, 143, 144, 145, 146, 147, 148, 161 7,295 1,4 
Thyroid gland                     194 6,534 1,2 
Myeloma                      203 6,190 1,2 
Vulvovaginal cancer        176 4,823 0,9 
Connective tissue            197 3,013 0,6 
Esophagus                    150 2,505 0,5 
Small intestine              152 2,272 0,4 
Anus                         1541 2,127 0,4 
Hodgkin’s disease             201 1,961 0,4 
Others                        1,552 0,3 
Eye                          192 1,387 0,3 
Salivary gland               142 1,033 0,2 
Bone                         196 735 0,1 
All                           526,524 100 

 

Statistical analyses 
Person-year calculations were initiated from the initial diagnosis of BOTs in 1995 
onwards, extending until the diagnosis of any non-ovarian cancer, death, 
emigration, or the conclusion of the follow-up period in 2018. Standardized 
incidence ratios (SIRs) were calculated to compare the relative risk of non-ovarian 
cancers in BOTs and in individuals who had never been registered for BOTs. The 
SIR was calculated as the ratio of the observed (O) to expected (E) number of non-
ovarian cancers by indirect standardization methods using the following formula:  
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𝑆𝐼𝑅 =  ∑ 𝑂∑ 𝑛 ∗ = 𝑂𝐸∗ 
where: O = ∑Oj denotes the total observed number of non-ovary cancer cases in the 
study group (registered for BOTs); E* is calculated by applying stratum-specific 
standard incidence rates (∗) obtained from the reference group (no registration for 
BOTs) to the stratum-specific person-year (𝑛 ) experience of the study group; 𝑂  
represents the observed number of cases that the cohort subjects contribute to the 
jth stratum; and j represents the strata defined by the cross-classification of various 
adjustment variables, including age, educational level, and region (110, 111). All 
calculations were standardized by age (five-year-age-groups), period (five-year-
period-groups), highest educational level (as a proxy for socioeconomic status), and 
geographical region. The 95% confidence intervals (CIs) of the SIRs were 
calculated assuming a Poisson distribution. Statistical significance was defined as p 
<0.05. For multiple comparisons, 99% of CIs for significant sites are shown in 
footnotes. All analyses were performed using the SAS software (version 9.4; SAS 
Institute Inc., Cary, NC, USA). 
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Ethical considerations 

Conducting medical research on human subjects is crucial for gaining a 
comprehensive understanding of various human diseases and improving prevention, 
diagnosis, and treatment methods. However, this research must adhere to the ethical 
standards outlined by the Declaration of Helsinki. These standards ensure the 
protection of human health and rights and promote respect for all individuals. Only 
studies in which the benefits outweigh the potential risks and burdens to the research 
subjects can be conducted. Additionally, research participation must be voluntary 
and subjects must provide informed consent while being informed of their right to 
withdraw consent at any time. (World Medical Association, 2013). 

The outcomes of the four studies in this thesis did not affect the treatment or 
prognosis of women who participated in the studies. Nonetheless, improving 
diagnostic methods for future patients with ovarian cancer is crucial, and the 
potential benefits outweigh the minimal harm caused by blood and tissue samples. 
Registry research provides valuable population-level information; however, 
researchers must prioritize protecting the privacy and integrity of subjects to avoid 
harm from personal information dissemination. It is the researcher's responsibility 
to ensure the safety and respect of all research participants according to ethical 
standards (World Medical Association, 2013).  

At the time of admission to the Department of Obstetrics and Gynecology, Skåne 
University Hospital, Lund, the participating women provided written and oral 
informed consent for the biomarker studies (Papers I, II, and III). Paper IV was a 
registry study in which no informed consent was necessary for ethical approval. 

Study I: Ethical approval was granted by the Ethical Review Board at the Faculty of 
Medicine, Lund University, Sweden, Dnr 495 2016 (amendment to Dnr 558–2004 
and 94–2006) and the Regional Ethics Board, University of Umeå Dnr 2013-155-
32M (Supplement to 08-120M). 

Study II-III: Ethical approval was granted by the Ethical Review Board of the 
Faculty of Medicine at Lund University, Sweden. Dnr 495 2016 (amendment to Dnr 
558–2004 and 94–2006).  

Study IV: This was a non-intervention nationwide register study of pseudonymized 
secondary data obtained from Swedish authorities after approval from the Ethical 
Review Board in Lund, Sweden (2013/736 and later amendments).  
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Results 

Paper I 
The patients were categorized into different groups based on the type of tumor: 
benign (n=39), BOT (n=32), stage I (n=23), stages II–IV (n=99), and other cancers 
(n=6) (Table 1). The BOT group had the youngest patients with a mean age of 53 
years ±19.59, while the EOC stages II–IV group had the oldest patients with a mean 
age of 66 years ±9.38. The highest body mass index (BMI) of all patient groups was 
not greater than 30 kg/m2. The longest surgeries were observed in the EOC stages 
II–IV group (p <0.01), and blood loss (ml) was significantly higher in this group 
than in the benign and borderline groups (p <0.01). Most analyzed patients belonged 
to the American Society of Anesthesiologists (ASA) I–II group. Patients with cancer 
required a longer time to return to normal daily living (p=0.05). Among the 98 
patients who responded to the eight-week follow-up questionnaire, a significant 
difference in thromboembolic events was not evident between the EOC stages II–
IV group (three events out of 60 (5%)) and the remaining patients with ovarian 
tumors (five events out of 33 (15%)). 

The plasma levels of dsDNA and H3Cit-DNA did not differ between patients with 
benign, borderline, or malignant ovarian tumors, or other cancer types (Figures 5 
and 6). However, plasma CA125 levels were higher in BOT, EOC stage I, and EOC 
stages II–IV in comparison to benign ovarian tumors and other pelvic cancer types 
(ptrend<0.001). 

Figure 5. Plasma levels of dsDNA did not differ between patients with benign, borderline, or malignant 
ovarian tumors. 
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Figure 6. Plasma levels of H3CitDNA did not differ between patients with benign, borderline, or 
malignant ovarian tumors. 

Survival analyses were conducted, excluding benign and borderline tumors. The 
biomarkers CA125, dsDNA, and H3Cit-DNA were analyzed as continuous 
variables, dichotomized, and divided into quartiles. Uni- and multivariable Cox 
regression analyses with continuous variables showed that increased levels of 
CA125 were associated with worse overall survival (HR 2.0, 95% CI 1.2–3.1, 
p=0.004). No significant differences were observed in the survival of malignant 
ovarian tumors when the dsDNA and H3Cit-DNA levels were analyzed. However, 
in the univariable Cox regression analysis, high levels of CA125 dichotomized at 
326 IU/ml (median) showed worse overall survival, with a hazard ratio of 1.9 (95% 
C.I. 1.03–3.36; p=0.038) and a log-rank test (p=0.034) (median follow-up time 37  
months). 

Paper II 
This study analyzed the diagnostic performance of various biomarkers in predicting 
survival outcomes in patients with EOC. The analysis included plasma samples 
from 116 patients with EOC with different histopathological morphologies. 

The diagnostic performance of the reference model, which included age alone in 
predicting survival, was poor. However, adding NT-3 alone and in combination with 
GPNMB and MSLN improved the performance of the model. The best results were 
obtained for the model that included age and the three-biomarker panel combination 
of NT-3 + GPNMB + MSLN [AUC=0.792 (0.707–0.878); p=0.004] (Table 3, 
Figure 7). 
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Table 3. Biomarker model based on LASSO regression when the reference model included age. 

Reference  
model AUC (95%) 

p-
value* 

Sensitivity 
at 95% 

specificity 

Specificity 
at 95% 

sensitivity 

Specificity 
at the best 

point 

Sensitivity 
at the best 

point 

Age 0.624  
(0.516-0.732) - 0.253  

(0.024-0.410) 
0.091  

(0.000-0.242) 
0.879  

(0.394-1.000) 
0.422  

(0.217-0.855) 
Additional marker combinations

NT-3 + GPNMB + 
MSLN 

0.792  
(0.707-0.878) 0.004 0.410  

(0.265-0.602) 
0.333  

(0.121-0.546) 
0.818  

(0.514-1.000) 
0.699  

(0.410-0.964) 

NT-3 + GPNMB 0.768  
(0.705-0.870) 0.008 0.410  

(0.253-0.578) 
0.333  

(0.152-0.525) 
0.879  

(0.455-1.000) 
0.615  

(0.374-0.976) 

NT-3 0.730  
(0.632-0.828) 0.054 0.325  

(0.205-0.446) 
0.242  

(0.091-0.424) 
0.758  

(0.515-1.000) 
0.699  

(0.301-0.868) 

Figure 7. Comparison of the reference model and models with added biomarkers. A three-biomarker 
model including NT-3, GPNMB, and MSLN with age as the reference model demonstrated the highest 
prediction of survival (AUC=0.792, p=0.004)  

Incorporating the biomarkers CA125 and HE4 into the reference model further 
improved the diagnostic performance. The addition of NT-3 + GPNMB + MSLN to 
the reference model that included age, CA125, and HE4 (0.748–0.902); p= 0.003] 
provided the best results for predicting survival outcomes. 

Another reference model that included age and stage (early vs. late) was tested. The 
addition of the biomarker CCL28 + TCL1A + GPNMB to this reference model 
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improved the prediction of overall survival (AUC=0.899 (0.831–0.966; p=0.048]. 
However, the exclusion of GPNMB and TCL1A from the model resulted in 
outcomes with no statistically significant differences.  

Finally, a model was created starting with a reference model that included age alone. 
Adding stage (early vs. late) and CCL28 + GPNMB biomarkers to this model 
significantly improved the prediction of OS (AUC=0.864 (0.783–0.946); p<0.00) 
(Table 4, Figure 8). 

Table 4. Biomarker models based on LASSO regression when the reference model exclusively includes age 
(and stage IV is excluded). 

Reference  
model AUC (95%) 

p-
value* 

Sensitivity  
at 95% 

specificity 

Specificity  
at 95% 

sensitivity 

Specificity  
at the best 

point 

Sensitivity  
at the best 

point 

Age 0.633  
(0.519-0.746) - 0.258  

(0.015-0.424) 
0.063  

(0.000-0.250) 
0.889  

(0.394-1.000) 
0.422  

(0.217-0.855) 
Additional marker combinations      
Stage I+II vs. III + 
CCL28 + GPNMB1 

0.864  
(0.783-0.946) <0.001 0.364  

(0.030-0.788) 
0.406  

(0.188-0.750) 
0.844  

(0.656-1.000) 
0.818  

(0.621-0.955) 
Stage I+II vs. III + 
CCL28 

0.856  
(0.770-0.942) 0.001 0.318  

(0.000-0.803) 
0.281  

(0.031-0.781) 
0.875  

(0.688-0.969) 
0.803  

(0.667-0.955) 

Stage I+II vs. III 0.834  
(0.750-0.918) <0.001 0.439  

(0.258-0.621) 
0.375  

(0.031-0.750) 
0.781  

(0.563-0.969) 
0.849  

(0.606-0.970) 
 

 
Figure 8. Comparison of the reference model and models with added biomarkers. The model including 
stage I+II vs. III+CCL28+GPNMB1 with age as the reference model showed the highest prediction of 
survival (AUC=0.864, p<0.001).  
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Additionally, in this study, we observed that a combination of high levels of both 
CA125 and HE4 efficiently predicted unfavorable survival outcomes (p=0.05) 
(Figure 9). 

Figure 9. Kaplan-Meier analysis of overall survival in patients in terms of CA125 and HE4 levels. 
Patients with both values above the median are shown in red, and patients with one or both biomarkers 
below the median are shown in blue. 
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Paper III 
Patient data were stratified into three groups based on the tumor type: benign (n=6), 
borderline ovarian (n=9), and EOC (n=26). The benign group mainly comprised 
younger patients (mean age: 48 years ±13.3) in comparison to the cancer group 
(mean age: 64 years ±11.9). The preoperative levels of CA125 were 293.7 ±627.3 
units/mL in the BOT group and 1,264.3±1,147.1 units/mL in the cancer group. 
Somatic mutations were identified in 24 tumor samples, of which seven were 
detected in BOT patients and 17 in those with ovarian cancer. The most commonly 
mutated genes were TP53, KRAS, PIK3CA, PIK3R1, and BRAF (Figure 10). In 
stage III ovarian cancer, TP53 mutations were present in eight tumors, and one 
tumor exhibited PIK3R1 mutations (Figure 10). KRAS mutations were observed in 
four mucinous borderline tumors and two serous borderline tumors. 

 

Figure 10. Waterfall plot of validated somatic mutations in the patient tumors. Genes are indicated in 
rows, and samples in columns. Mutated samples are shown according to mutation type. Patient and 
tumor clinicopathological variables are shown below the patient IDs.   

Mutations in TP53, KRAS, PIK3CA, and PIK3R1 have been detected in the plasma. Of 
these patients, seven with stage III, three with stage IV, and four with stage I and II 
ovarian cancer exhibited detectable ctDNA in their plasma samples. All serous cancer 
patients with detectable ctDNA exhibited TP53 mutations, and one serous borderline 
patient exhibited a plasma KRAS mutation. The concentration of ctDNA increased with 
increasing stages (ptrend<0.001). ctDNA concentrations in stages III and IV were 
significantly higher than those in stage I (p=0.025 and p=0.007, respectively) (Figure 
11). Ten mutant copies/mL were chosen for survival analysis after evaluating the results 
(Figure 11), in which the number of mutant copies was correlated with the stage. 
Patients with more than 10 mutant copies/mL of plasma demonstrated significantly 
unfavorable overall survival (p=0.008 by log-rank test) (Figure 12). 
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Figure 11. Plasma circulating tumor DNA (ctDNA) concentration increased with higher stage 
(ptrend<0.001). Bars include highest and lowest values, except outliers (○), which are 1.5 to 3 box 
lengths from the end of the box, and extremes (*) which are more than 3 box lengths from the end of 
the box.  

Figure 12. Kaplan Meier analysis of overall survival in patients related to a genetic mutation found in 
plasma (OS, p=0.008 by log-rank test). Blue line <10 copies/mL, red line >10 copies/mL. The mortality 
rate was two out of three patients in the group with ctDNA <10 copies/mL and 10 out of 11 patients in 
the group with ctDNA >10 copies/mL.  
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Paper IV 
This study included 4,998 women diagnosed with BOTs between 1995 and 2018, 
with a mean age of 55.7 years at diagnosis. Of these, 2,971 (59%) were diagnosed 
with serous BOTs, and 2,027 (41%) were diagnosed with mucinous BOTs. 
Additionally, 526,524 women in the general female population were diagnosed with 
non-ovarian cancer during the same period. 

Data analysis showed that women with BOTs demonstrated an increased risk of 
developing various non-ovarian cancers compared to the general female population. 
Specifically, women with BOTs exhibited a higher risk of small intestinal, colon, 
endometrial, pancreatic, cervical, lung, kidney, upper aerodigestive tract, bladder, 
and rectal cancers, as well as primary unknown cancers (Table 5). Women with 
serous BOTs also exhibited an increased risk of developing thyroid and 
vulvovaginal cancers.  

The increased risk of non-ovarian cancer was further analyzed based on the age at 
the time of BOT diagnosis. Women diagnosed with BOTs at the age of 60 years or 
younger demonstrated a higher risk of colon, pancreatic, endometrial, vulvovaginal, 
lung, and rectal cancers. Women aged 60–69 years at the time of BOT diagnosis 
demonstrated a higher risk of cervical, breast, pancreatic, kidney, and upper 
aerodigestive tract cancers, and melanoma. In contrast, women aged 70 years at the 
time of BOT diagnosis demonstrated a higher risk of colon, endometrial, lung, 
bladder, small intestine, pancreatic, and upper aerodigestive tract cancer. 

Follow-up duration was also examined concerning the risk of non-ovarian cancer. 
Women with BOTs exhibited an increased risk of various cancers within the first 
year of diagnosis, including colon, rectum, small intestine, breast, pancreas, nervous 
system, bladder, kidney, liver, endometrial, cervical, vulvovaginal, and non-
Hodgkin lymphoma. More than ten years after the diagnosis, women with BOTs 
exhibited a higher risk of developing lung cancer. 
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Discussion 

The identification of cancer biomarkers plays a crucial role in predicting survival 
outcomes and guiding treatment decisions in patients with ovarian cancer.  

Over the past decade, interest in the role of NETs in cancer progression has 
increased (112, 113). While neutrophils are recognized as an important element in 
tumor progression, their response varies depending on the stimulus (114), which can 
result in the activation of neutrophils with various anti- and pro-tumor phenotypes 
(115). Studies have shown that Markers of NETs formation, such as H3Cit, are 
found in the plasma of patients with acute microangiopathies (116, 117). Animal 
models have also demonstrated NETs formation in the omentum of ovarian tumor-
bearing mice before the onset of metastasis, and a neutrophil-specific deficiency of 
PAD4, an enzyme essential for NETs formation, reduced omental metastasis in 
these mice (118). 

In Paper I, the plasma levels of dsDNA and H3Cit-DNA did not differ significantly 
among the different tumor types. However, plasma CA125 levels were found to be 
a significant predictor of worse overall survival in patients with malignant ovarian 
tumors. CA125 levels were significantly higher in borderline and malignant ovarian 
tumors than in benign tumors and other pelvic cancer types.  

This study did not verify the hypothesis.  Circulating H3Cit-DNA and dsDNA levels 
in patients with ovarian cancer were not elevated in patients with ovarian cancer 
compared to other groups. The study also found that CA125, a commonly used 
ovarian cancer biomarker, was higher in advanced-stage III and IV cancer patients 
than in borderline and early-stage tumors. However, this biomarker may also be 
elevated in other benign gynecological diseases and medical conditions, reducing 
its sensitivity and specificity (119). 

Several studies have suggested that biomarkers of NETs formation are associated 
with the occurrence of VTE in patients with cancer (120), and patients with ovarian 
cancer are known to be at high risk for VTE (121, 122). Surgical intervention is a 
crucial factor for improving the survival of patients with ovarian cancer, and 
maximal cytoreductive tumor debulking surgery is recommended to achieve no 
residual tumors (123). However, thorough tumor debulking can increase the risk of 
venous thromboembolism (VTE), which is why patients with ovarian cancer are 
classified as high-risk. This study found a lack of increase in the incidence of self-
reported VTE events in the ovarian cancer group compared to patients who 
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underwent surgery without a cancer diagnosis, which may be due to the 
recommendations of prolonged anticoagulation prophylaxis in ovarian cancer 
patients (124). Further studies are needed to evaluate the role of NETs formation in 
various cancer cohorts, especially those with a known increased risk of 
thromboembolic events. 

In the second study, we suggested that combining different factors, such as known 
biomarkers, age, and disease stage, may provide satisfactory results. We analyzed 
the diagnostic performance of various biomarkers, including NT-3, GPNMB, 
MSLN, CA125, and HE4, for predicting survival outcomes in patients with 
epithelial ovarian cancer.  

In this study, we found that biomarker panels could improve the prediction of 
survival, and the model including age and a combination of neurotrophin-3 (NT-3), 
transmembrane glycoprotein NMB (GPNMB), mesothelin (MSLN), CA125, and 
HE4 was the best model for predicting OS. 

Neurotrophins such as NT-3 have been shown to regulate angiogenesis and 
contribute to tumor progression and angiogenesis in several types of cancers (125). 
Neurotrophins are a family of growth factors that play crucial roles in nervous 
system development and maintenance. Recent studies have shown that they have 
important functions in cancer biology (126). For example, NT-3 promotes the 
survival and proliferation of various types of cancer cells, including breast cancer 
cells and gliomas, they act by activating the TrkC receptor (125, 127). Moreover, 
elevated NT-3 levels have been associated with increased tumor aggressiveness and 
poor patient outcomes in several types of cancer (128). As previously stated in the 
introduction, CA125 and HE4 are specific and commonly used in the diagnosis of 
late-stage EOC. But CA125 has a low sensitivity and limited specificity for the 
detection of early-stage EOC. Our study demonstrated that, in combination with 
other data, biomarkers can have enhanced specificity for determining OS. 

Combining age with CA125 and HE4 levels and the addition of NT-3 significantly 
improved the OS prediction model. GPNMB and MSLN have also been identified 
as biomarkers for the prediction of poor survival. Higher levels of GPNMB promote 
angiogenesis, migration, invasion, and metastasis of cancer cells (129)(130), 
whereas abnormal expression of MSLN plays an important role in tumor cell 
growth, invasion, and metastasis (131, 132). CCL28, which regulates cell 
chemotaxis, has also been identified as a biomarker for the prediction of poor 
survival in combination with TCL1A, GPNMB, EOC stage, and age. 

The study sample had limitations due to the heterogeneity of the epithelial 
histopathological subtypes, as only patients scheduled for primary upfront surgery 
were included in the study. Despite these limitations, we obtained positive results, 
which could provide an impetus for further research. 
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In the third study, we analyzed the preoperative levels of CA125 and somatic 
mutations in patients with EOC. This study found that TP53 was the most commonly 
mutated gene in both borderline and EOC patients. Additionally, CA125 levels were 
significantly higher in patients with ovarian cancer than in those with borderline 
ovarian tumors. 

The main finding of this study was that ctDNA analyzed in the plasma can be a 
useful diagnostic and prognostic biomarker for ovarian cancer. This study measured 
ctDNA levels in plasma samples from patients with ovarian cancer and borderline 
ovarian tumors using SAGAsafe dPCR technology. The results showed that the 
plasma levels of ctDNA mutations increased in patients at a higher disease stage. In 
addition, in patients with EOC, higher plasma ctDNA levels were associated with 
worse overall survival. 

These findings have significant clinical implications. First, the use of ctDNA as a 
diagnostic biomarker can aid in the early detection and monitoring of ovarian 
cancer. Early detection of ovarian cancer is critical for improving patient outcomes, 
as the disease is often diagnosed at an advanced stage when treatment options are 
limited (94, 95). Secondly, the use of ctDNA as a prognostic biomarker can help 
identify patients who are at a higher risk of disease progression and may require 
more aggressive treatment (133). 

Identification of specific genetic mutations in circulating tumor DNA has exhibited 
promise in influencing choices related to cancer treatment interventions (134). In 
patients with ovarian cancer, the most commonly mutated gene is TP53, particularly 
in those with advanced-stage disease, which substantiates the second dualistic theory 
II (13). TP53 mutations have been found in over 90% of high-grade serous ovarian 
carcinomas, and loss of p53 function can promote the transformation of cells into 
malignant cells by preventing apoptosis. Targeting pharmacological interventions 
such as PARP inhibitors have shown efficacy in treating BRCA-mutated ovarian 
cancers and those with homologous recombination deficiencies. However, few studies 
have evaluated the efficacy of PARP inhibitors on TP53 expression (135, 136). 
Targeting mutant p53 may destabilize PARP repair and impede the distant spread of 
cancer cells (135). 

Another gene mutation that has shown potential in guiding ovarian cancer treatment 
is KRAS, which was found in seven tissue specimens and one plasma ctDNA 
sample. KRAS is a member of the Ras family of oncogenes that plays important 
roles in cell division, differentiation, and apoptosis (137). In borderline tumors, 
frequent mutations in KRAS, BRAF, or ERBB2 and a lack of TP53 mutations may 
lead to the progression of low-grade serous carcinomas. In two trials, MEK 
inhibitors have shown activity against LGSOC, particularly in KRAS-mutated 
diseases (138). Additionally, KRAS inhibition has shown positive results in patients 
with advanced malignant melanoma with BRAF mutations (139), and mutation 
status may guide anti-PD-1/PD-L1 immunotherapy in patients with lung 
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adenocarcinoma with co-occurring TP53 mutations (140). Thus, the identification 
of specific genetic mutations in ctDNAs has the potential to guide personalized 
treatment decisions in patients with ovarian cancer. 

Our study found that 15 of 24 patients with tumor DNA mutations also exhibited 
mutations in their plasma ctDNA, indicating a sensitivity of 62.5%. However, the 
ability to detect ctDNA mutations in plasma is influenced by various factors such 
as tumor morphology, disease stage, tumor burden, and DNA degradation (70, 141, 
142). 

In this study, the plasma ctDNA mutant concentration increased with higher cancer 
stage, which is consistent with previous findings (70). Late-stage cancers in 
abdominal organs, such as the colon, pancreas, or ovaries, commonly contain 
ctDNA, which is detected in over 60% of patients (142). Interestingly, this study 
also detected ctDNA mutations in the plasma of one patient with a borderline tumor, 
which is a novel observation. Other studies have shown that ctDNA levels correlate 
with tumor volume, as assessed using CT imaging in patients with relapsed high-
grade serous ovarian cancer (143, 144). Median concentrations of 100–1,000 
mutated gene copies per 5 mL of plasma have been reported in patients with 
advanced ovarian cancer (144). In the current study, the analyses detected less than 
10 copies/mL of ctDNA in the plasma in the early stage of the disease, suggesting 
high sensitivity. Taken together, these results indicate that the amount of ctDNA in 
plasma is related to tumor volume and disease stage and has the potential to be a 
valuable marker for cancer detection and monitoring.  

Our study aimed to evaluate the feasibility of detecting ctDNA mutations in patients 
with ovarian cancer, as well as the potential of ctDNA as a prognostic factor. Our 
results showed that ctDNA mutations could be detected in the plasma of EOC 
patients and that patients with advanced-stage disease had a higher concentration of 
mutated gene copies than those in the early stages of the disease. 

The importance of prognostic markers in ovarian cancer cannot be overstated 
because the prognosis of ovarian cancer patients is closely linked to the disease stage 
(4). Previous studies have shown that higher percentages of ctDNAs in 
gynecological cancers correlate with worse survival outcomes (145). Similarly, 
ctDNA has been identified as a prognostic factor for disease recurrence in colorectal 
cancers (146). 

Our study found that patients with more than 10 ctDNA mutations per mL of plasma 
demonstrated significantly worse overall survival compared to those with fewer 
mutations. It is important to note that the optimal cutoff level of mutant copies per 
milliliter needs to be evaluated in larger studies. Nonetheless, our study suggests 
that the amount of ctDNA in plasma may be a valuable prognostic marker for 
patients with ovarian cancer. 
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The results of this study suggest that ctDNA analysis is a useful tool for detecting 
ovarian cancer and predicting patient survival. However, this study was conducted 
on a relatively small cohort of patients, and the results need to be validated. 
Additionally, only genetic variants in the coding regions were investigated, and 
further studies are needed to evaluate the potential of ctDNA analysis for the 
detection of genetic variants in non-coding regions. The single allele genotyping by 
amplicon sequencing - safe digital polymerase chain reaction (SAGAsafe dPCR) 
technology has several advantages over other methods, including high sensitivity 
and specificity and the ability to detect low levels of ctDNA mutations. However, 
this technology has not been widely used. The presence of ctDNA in the 
bloodstream is directly proportional to tumor burden, and the sensitivity of ctDNA 
detection can be influenced by the technology employed for genetic material 
analysis. Thus, the quality and quantity of ctDNA can also be influenced by other 
factors such as age and overall health status. 

During the course of the first three studies aimed at identifying new biomarkers to 
aid in determining the survival of patients with ovarian cancer, a question arose 
regarding the future outcomes of patients who had undergone treatment for 
borderline tumors. To address this question, a subsequent study was conducted to 
determine whether patients with borderline tumors were at risk of developing other 
cancer types. This study sought to investigate the potential link between BOT and 
other cancers and to identify any potential risk factors that may be associated with 
the development of non-ovarian cancers in patients with BOTs. The results of this 
study provide important insights into the management and care of patients with 
borderline tumors. 

In the fourth nationwide study, we analyzed data from 4,998 women with BOTs 
diagnosed between 1995 and 2018. Our study revealed that women with BOTs face 
increased risks of certain types of cancer, including lung and pancreatic cancers, 
more than one year after their diagnosis. Furthermore, BOTs were associated with 
an increased risk of several other types of cancer, which were diagnosed within the 
same year or later. 

Notably, we observed a double risk of lung cancer in women with mucinous BOTs, 
which was consistent across all age groups and follow-up periods. This finding is 
consistent with earlier studies linking smoking to an increased risk of mucinous 
ovarian tumors (147) (148). Similarly, we found an increased risk of pancreatic 
cancer in women older than 60 years with BOTs, which is in line with a known 
association between smoking and pancreatic cancer (149). Without access to in-
depth data on lifestyle habits, we can merely conjecture the extent of the influence 
of these risk factors on pancreatic carcinogenesis, lung cancer, and BOTs. 

Our study also revealed a higher risk of colon and small intestinal cancers in women 
with both serous and mucinous BOTs, although this association was significant only 
within the first year of BOT diagnosis. Previous studies reported a higher risk of 
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colorectal cancer in women with BOTs (150), which has been attributed to shared 
genetics such as Lynch syndrome (151, 152). Our large register-based study with a 
longer follow-up period allowed the identification of colorectal cancer diagnoses 
following BOTs. 

Interestingly, we found an association between serous BOTs and increased thyroid 
cancer risk, likely due to hormonal risk factors and obesity (150). Serous BOTs can 
be associated with KRAS and BRAF mutations (16), which are also associated with 
a subset of thyroid cancers. 

It is important to note that our study did not observe significantly increased rates of 
subsequent breast cancer, nor did we find any association between BOTs and 
myeloid leukemia or malignant melanoma (150). 

One of the strengths of our study was the large number of patients included and the 
use of the complete Swedish Cancer Registry. Our findings are consistent with those 
of a similar Danish cohort study (150), further supporting the validity of our results. 
However, our study also has limitations, including the lack of information on 
potential confounding factors such as lifestyle factors and family history. 
Nonetheless, our study sheds light on the increased risk of certain cancer types in 
women with BOTs, thereby potentially influencing the design of upcoming 
strategies for screening and surveillance. 
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Conclusions  

The first study did not reveal a notable increase in H3Cit-DNA levels in patients 
with EOC. However, CA125 levels were significantly elevated in EOC cases, 
thereby confirming its potential as a biomarker for diagnosing and predicting EOC 
outcomes. 

The second study found that the prediction of overall survival in patients with EOC 
was enhanced by a combination of biomarkers, including NT-3, GPNMB, MSLN, 
cancer CA125, and HE4. 

Age was identified as a significant factor in the predictive model affecting the 
prognosis of patients with EOC. These findings demonstrate the potential of 
biomarker panels for enhancing the prognosis of patients with EOC. 

The third study revealed that the level of mutant copies of ctDNA in plasma was 
associated with the EOC stage, being higher in more advanced stages. 

Patients with higher plasma ctDNA concentrations had worse overall survival. 
Plasma was identified as a widely accessible source of ctDNA, making it a 
promising candidate for EOC prognostic prediction. 

The fourth population-based study found that women with BOTs had a significantly 
increased risk of pancreatic and lung cancers more than a year after BOTs diagnosis 
compared with women in the general population. 

The study also revealed a link between BOTs and an increased risk of malignancies 
with primary unknown etiology, renal, cervical, intestinal, endometrial, and other 
cancers. 
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Future perspectives 

Studies on NETs formation and its potential role in cancer progression have gained 
increasing interest in recent years. The response of neutrophils to tumors varies, 
leading to their activation with various antitumor and pro-tumor phenotypes. There 
are several potential paths for future research based on the findings and limitations 
of this study. First, larger sample sizes may improve the generalizability of the 
results and offer a deeper understanding of the biomarkers linked to ovarian cancer. 
The discovery of new biomarkers for diagnosis and prognosis may also result from 
investigating other biomarkers and analyzing changes in biomarker levels over time. 
It is also necessary to conduct further research on how NET formation affects the 
development of cancer. Finally, investigating additional potential variables that can 
affect the risk of VTE in patients with ovarian cancer may aid in the development 
of new preventive and therapeutic approaches. The shortcomings of this study 
underscore the need for further research, although it offers extensive information on 
the potential diagnostic and prognostic utility of biomarkers, such as H3Cit-DNA, 
dsDNA, and CA125 in ovarian cancer. 

The second study demonstrated the potential of biomarker panels for enhancing the 
prognosis of patients with EOC. Future analyses should consider the fact that this 
study only included patients scheduled for primary upfront surgery and excluded 
those receiving neoadjuvant chemotherapy, which may restrict the generalizability 
of the results to all patients with EOC. Further limiting the interpretation of the study 
findings may be the heterogeneity of the histological epithelial subtypes. The 
absence of statistically significant results for some biomarkers may have been due 
to the small sample size. Therefore, the findings of this study should be interpreted 
with caution. Further studies are required to validate these results and develop novel 
biomarkers that can be included in panels to predict the prognosis of patients with 
EOC. 

The findings and results of the third study indicated that ctDNA is a promising 
candidate for ovarian cancer diagnosis and prognostic prediction. Future studies 
should focus on the clinical value of ctDNA analysis for ovarian cancer detection 
and survival prediction. It is crucial to remember that before being used in clinical 
settings, the findings of studies, such as those conducted on small patient cohorts, 
would need to be proven in larger patient cohorts. The potential of ctDNA analysis 
for the discovery of genetic variations in non-coding regions requires further 
research. According to earlier studies, such polymorphisms may help identify those 
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who are genetically at risk of developing ovarian cancer. Future sequencing studies 
may encounter difficulties in identifying genetic variations linked to EOC in non-
coding areas. In the future, patients with a greater ovarian tumor burden will be more 
likely to have detectable ctDNA. The technique used for genetic material analysis, 
as well as other elements such as age and general health status, may continue to have 
an impact on the sensitivity of ctDNA detection. However, this can only be assessed 
during studies to accurately assess their impact.  

In circumstances where tumor material is not available, larger genomic panels may 
be developed for ctDNA analysis in the plasma for one day. Utilizing such panels 
could simplify ctDNA analysis and potentially improve the accuracy of ovarian 
cancer detection while retaining the high sensitivity of ctDNA analysis. 

The findings of the fourth population-based study conducted nationally may have 
had a significant impact on cancer prevention and follow-up of women with BOTs. 
Future studies can continue to benefit from the strengths of this population cohort 
study. The study's large patient population and the use of the entire Swedish Cancer 
Registry, which allowed for a precise diagnosis and minimal loss of follow-up, are 
two of its key advantages. Furthermore, this study goes beyond prior research 
attempts by considering confounding variables such as socioeconomic status. Future 
studies should address several limitations. For instance, there was an absence of 
certain potential confounders, such as obesity and smoking. The lack of information 
regarding the stage of BOTs and the 2014 modification to the classification of 
borderline ovarian cancer and tumors may also have had an impact, and it will be 
crucial for future research to consider these characteristics whenever possible and 
incorporate them into the study design. 
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