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ABSTRACT 

Marianne Hallamaa 

Ovarian cancer marker HE4 in hormone-related gynecological conditions and 
diagnosis of ovarian granulosa cell tumors 

University of Turku, Faculty of Medicine, Department of Obstetrics and Gynaecology 
and Department of Physiology, Doctoral Programme of Clinical Investigation, Turku, 
Finland 

Annales Universitatis Turkuensis 2017 

 
Ovarian cancer is commonly diagnosed at an advanced stage as the early stages are 
symptom-free. Despite the development in the fields of surgery and chemotherapy, the 
prognosis remains poor. In order to improve the diagnostic methods, research on 
biomarkers such as HE4 (Human epididymis protein 4) is actively ongoing. According 
to previous studies, HE4 is sensitive in detecting even early stages of epithelial ovarian 
cancer, yet its specificity needs further studies. 

Altogether 359 women were included in this study. The aims were to evaluate the 
performance of serum tumor marker HE4 in benign gynecological conditions and to 
determine confounding factors in the interpretation of the marker analysis. The 
usability of epithelial ovarian cancer markers HE4 and CA125 in comparison with 
inhibin B and AMH was evaluated in the diagnosis and follow-up of ovarian granulosa 
cell tumors.  

HE4 serum concentration was not significantly dependent on hormonal factors, which 
simplifies the interpretation of the serum HE4 assays particularly in women of fertile 
age. In tubal pregnancies we detected elevated serum HE4 concentrations, and the tubal 
epithelium showed more intense and continuous immunohistochemical HE4 staining 
than normal fallopian tubes.  

Combining HE4 with CA125 improves accuracy in ovarian cancer diagnostics. 
However, normal serum levels of these epithelial ovarian cancer markers do not exclude 
other ovarian cancer subtypes, which must be kept in mind particularly in premenopausal 
women. The best serum marker for the diagnosis and follow-up of ovarian granulosa cell 
tumors is inhibin B, yet its accuracy can be further improved by combining AMH to the 
analysis. 
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Munasarjasyöpä on diagnosoitaessa useimmiten laajalle levinnyt, koska alkuvaiheen 
tauti on oireeton. Tämän vuoksi selviytymisennuste on sekä kirurgisten että 
lääkkeellisten hoitojen kehityksestä huolimatta edelleen huono. Diagnostiikan 
parantamiseksi tutkimuksissa on kehitetty uusia kasvainmerkkiaineita, kuten HE4 
(Human Epididymis Secretory protein 4). HE4 on osoittautunut tehokkaaksi 
epiteliaalisen munasarjasyövän varhaisdiagnostiikassa, mutta sen tarkkuudesta tarvitaan 
lisätutkimuksia. 

Tutkimukseen osallistui yhteensä 359 naista. Tutkimuksen tarkoituksena oli selvittää 
kasvainmerkkiaine HE4:n seerumipitoisuuksien vaihtelua erilaisissa hyvänlaatuisissa 
gynekologisissa tiloissa sekä selvittää mahdollisten virhelähteiden vaikutusta merkki-
ainepitoisuuksien tulkinnassa. Lisäksi arvioitiin epiteliaalisen munasarjasyövän 
merkkiaineiden HE4:n ja CA125:n käytettävyyttä munasarjan granuloosasolukasvainten 
erotusdiagnostiikassa ja seurannassa verrattuna inhibiini B- ja AMH-merkkiaineisiin.  

HE4-merkkiaineen seerumipitoisuuksissa ei todettu hormonivaikutuksesta, kuten 
yhdistelmäehkäisypillereistä, kuukautiskierrosta tai koeputkihoitoon liittyvästä 
munasarjojen stimulaatiosta, johtuvaa merkittävää vaihtelua. Tämä yksinkertaistaa HE4-
määritysten tulkintaa etenkin fertiili-ikäisillä naisilla. Munanjohdinraskaudessa sen 
sijaan totesimme kohonneita HE4-seerumipitoisuuksia sekä lisääntynyttä voimakasta 
immunohistokemiallista värjäytymistä munanjohtimen epiteelissä.  

Yhdistämällä HE4- ja CA125-määritykset munasarjasyövän diagnostiikassa on päästy 
parempaan herkkyyteen ja tarkkuuteen. Etenkin hedelmällisessä iässä olevien naisten 
kohdalla on kuitenkin muistettava, että näiden epiteliaalisen munasarjasyövän 
merkkiaineiden viiterajoissa olevat pitoisuudet eivät poissulje harvinaisempia 
munasarjasyöpätyyppejä. Munasarjan granuloosasolukasvainten diagnostiikassa ja 
seurannassa toimivin kasvainmerkkiaine on inhibiini B, jonka diagnostista osuvuutta 
voidaan parantaa yhdistämällä määritykseen AMH-pitoisuuden määritys. 

 
Avainsanat: HE4, kasvainmerkkiaine, erotusdiagnostiikka, CA125, munasarjasyöpä 
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ABBREVIATIONS 

AGCT 
 

Adult-type ovarian granulosa cell tumor 
AMH 

 
Anti-Müllerian hormone 

AUC 
 

Area under the curve 
BMI 

 
Body mass index 

BRCA 
 

Breast cancer susceptibility gene 
CA125 

 
Cancer antigen 125 

CMIA 
 

Chemiluminescent microparticle immunoassay 
DF 

 
Disease free 

E2 
 

Estradiol 
ECLIA 

 
Electrochemiluminescence immunoassay 

EIA, ELISA 
 

Enzyme-linked immunosorbent assay 
ENDO 

 
Endometriosis group 

EOC 
 

Epithelial ovarian cancer 
FDA 

 
Food and Drug Administration 

FIGO 
 

International Federation of Gynecology and Obstetrics 
FSH 

 
Follicle stimulating hormone 

GEU 
 

Extrauterine pregnancy 
GFR 

 
Glomerular filtration rate 

GnRH 
 

Gonadotrophin releasing hormone 
hCG 

 
Human chorionic gonadotrophin 

HE4 
 

Human epididymis protein 4 
HNPCC 

 
Hereditary nonpolyposis colorectal cancer 

HRT 
 

Hormone replacement therapy 
Inh B 

 
Inhibin B 

IOTA 
 

International Ovarian Tumor Analysis group 
IVF 

 
In vitro fertilization 

RMI 
 

Risk of malignancy index 
ROC 

 
Receiver operating characteristics 

ROMA 
 

Risk of Ovarian Malignancy Algorithm 
RRSO 

 
Risk-reducing salpingo-oophorectomy 

TVU 
 

Transvaginal ultrasound 
WD 

 
With disease 
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12   

The aim of the present study was to determine the effect of hormonal factors on serum 
HE4 concentrations in comparison with CA125. The HE4 immunoreactivity was 
evaluated in benign and malignant gynecological tissues, with particular interest in 
conditions affecting the fallopian tube as a possible origin of serous pelvic cancer. 
Further, the performance of epithelial cancer markers HE4 and CA125, together with 
inhibin B and AMH, was evaluated in the diagnosis and follow-up of ovarian granulosa 
cell tumors. 
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studies for the history of HRT use. In most studies the increase in the risk has been 
length-of-use dependent, while cessation of hormone use has reduced the risk. Smoking, 
alcohol consumption and dietary factors have been suspected, yet not convincingly 
proven, to have a slight risk-magnifying effect. Some hereditary gene mutations linked 
to ovarian cancer are known. Approximately 5% of the ovarian cancer patients carry the 
BRCA1 mutation highly predisposing to breast cancer, having an estimated 39-66% risk 
of getting EOC before the age of 70 (Antoniou et al. 2000). BRCA2 and HNPCC 
mutations also increase the risk but to a lesser extent (11% and 9%, respectively) 
(Antoniou et al. 2003, Aarnio et al. 1999). A great majority of the EOC cases remain 
sporadic, however. The reduction of the ovulatory cycles by nearly any cause, namely 
pregnancies, lactation, combined oral contraceptive use, late menarche and early 
menopause decreases EOC risk (Booth et al. 1989, Purdie et al. 1995, Hankinson et al. 
1995, Risch et al. 1994), as well as tubal ligation and hysterectomy (Hankinson et al. 
1993).  

2.3.2.2. Diagnostic methods 

Ovarian cancer is most commonly diagnosed at an advanced stage, when the patient is 
already suffering from nonspecific symptoms as bloating, abdominal discomfort and 
pain. At that time, the preliminary diagnosis is usually made with imaging techniques, 
mainly transvaginal sonography, presenting with a suspicious-looking ovarian tumor and 
often ascites. Serum tumor marker concentrations are then analyzed to further confirm 
the suspicion, so that the extent of imaging and consecutive surgery can be planned 
optimally. 

Risk prediction models for the differential diagnosis between benign and malignant 
ovarian tumors have been calculated by The International Ovarian Tumor Analysis 
(IOTA) study collaboration. The first logistic regression model developed by the IOTA 
sought for an effective combination of independent variables, aiming at the specificity 
over 75% with the minimum of 90% sensitivity. As a result, a model (LR1) with twelve 
most useful variables, out of more than 50 having been evaluated, was provided, 
including personal history of ovarian cancer, hormonal therapy, age, maximal diameter 
of the lesion, pain, presence of ascites, blood flow within a solid papillary projection, 
presence of a solid tumor, maximal diameter of the solid component, irregular internal 
cyst walls, acoustic shadows and a color score of the blood flow within the tumor.  

A simplified model (LR2) was then developed with six variables named: age, ascites, 
blood flow within a solid papillary projection, diameter of the solid component, irregular 
internal cyst walls and presence of acoustic shadows (Table 7). The multicenter study 
population of 1,066 patients with benign or malignant ovarian tumors was divided into 
a developmental data group of 754 patients and a study validation data group (n=312). 
Within the validation group, with the probability value (risk of malignancy) of 0.10, the 
AUC was 0.94 with a sensitivity of 93% and a specificity of 76% for LR1 and 0.92 for 
LR2 with a sensitivity of 89% and a specificity of 73% (Timmerman et al. 2005). In the 
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Ovarian malignancies originate from different cells of embryonal origin; coelomic 
epithelium, mesenchyme, mesonephric or germ cells. Consequently, most tumors can be 
placed into one of the three major categories: surface epithelial ovarian tumors, also 
known as carcinomas, (approximately 90% of all ovarian cancers), germ cell tumors (3-
7%) and sex cord-stromal tumors (7%) (Prat et al. 2014). Epithelial tumors can be 
classified as serous, mucinous, clear-cell, endometrioid or transitional cell (Brenner) 
carcinomas. A further dichotomy (Koshiyama et al. 2014) can be made into type I 
tumors, including low-grade serous, clear-cell and mucinous histology, and type II 
tumors, including high-grade serous epithelial carcinomas, high-grade endometrioid and 
undifferentiated carcinomas, adenocarcinomas and carcinosarcomas, presenting with 
more aggressive behavior (Vang et al. 2009, Bowtell 2010). The most common germ 
cell tumors are dysgerminomas, malign teratomas, yolk sac tumors, embryonal and 
chorionic carcinomas. Granulosa cell and Sertoli-Leydig cell tumors, thecomas, steroid 
cell tumors and mixed-cell stromal tumors belong to the group of sex cord-stromal 
tumors (Underwood J.C.E. 1996). The classification of ovarian malignancies according 
to histology is pictured in Figure 2. The less common subtypes of OC are more common 
in premenopausal, even prepubertal women. They present with a variable clinical picture 
as well as different treatment options and prognosis. 

 
Figure 2. Classification of ovarian malignancies according to the site of origin (modified from 
Underwood J.C.E. 1996) 

2.3.2.4. Granulosa cell tumors of the ovary 

Granulosa cell tumors are generally divided into two subtypes, the juvenile and the adult 
type. The adult type granulosa cell tumor (AGCT) is the second most common ovarian 
malignancy, making up approximately 5% of all ovarian cancers and 90% of sex cord-
derived ovarian cancers. A total of 97% of AGC tumors represent a known somatic 
mutation in FOXL2 gene (Shah et al. 2009, Jamieson and Fuller 2012). In means of 
prognosis, AGCT differs remarkably from EOC with a five-year survival of 97-98% vs. 
44% (Colombo et al. 2007, Finnish Cancer Registry 2012-2014), as it is more frequently 
diagnosed at a younger age and at an earlier stage due to its hormone-related symptoms 
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such as vaginal bleeding (Segal et al. 1995). At the time of diagnosis the ovarian 
granulosa cell tumor is often relatively large, consisting of solid and cystic components. 
Representing neoplasms of granulosa cells lining the preovulatory follicle, AGC tumors 
are known to be hormonally active and to secrete increased concentrations of estradiol, 
inhibin B and anti-Müllerian hormone (AMH). The growth and the spread tendency of 
AGCT is relatively slow, and therefore, curative surgery can often be accomplished. 
However, relapses of the disease may be encountered even decades after primary 
diagnosis, emphasizing the importance of prolonged follow-up of the patients. 
Eventually up to 80% of the patients who are diagnosed at an advanced stage, or who 
experience tumor recurrence, succumb to this disease (Amsterdam and Selvaraj 1997). 

The use of the known hormones secreted by ovarian granulosa cells in AGCT diagnostics 
and follow-up is characterized by their physiological variability, as they are influenced 
by the age and the menopausal status of the patient. During the reproductive age, most 
estradiol is produced by the granulosa cells of the ovary by irreversible conversion from 
androstenedione. AGCTs generally produce significantly increased amounts of estradiol, 
suggestive of a potential role as a serum marker (Kaye and Davies 1986), however, no 
reliable correlation between the disease progression and the estradiol levels has been 
detected (Rey et al. 1996, Lappöhn et al. 1989), possibly due to the loss of 
androstenedione-producing theca cells in tumor stroma (Schumer and Cannistra 2003).  

Inhibin, a granulosa cell growth factor (Hsueh et al. 1987) and a regulator of the FSH 
secretion (Burger 1993), was first recognized by Lappöhn et al (1989) to correlate with 
AGCT size and was suggested as a potential tumor marker, being later accepted in 
AGCT diagnosis and follow-up (Robertson et al. 1999, Healy et al. 1993). Inhibin 
consists of a biologically less active α-subunit and a β-subunit localized primarily to the 
ovarian granulosa cells (Woodruff et al. 1988). The subtype βA, which forms inhibin A, 
has also been detected in the theca cells of a dominant follicle and in the granulosa cells 
throughout all follicle stages, whereas the expression of the βB-subtype, forming inhibin 
B, is restricted to small primary follicles (Roberts et al. 1993). With the development of 
the ELISA method, the subtypes βA and βB could be analyzed separately (Groome et al. 
1996), leading to the discovery of the βB subunit being the subtype predominantly 
secreted by GCT and inhibin B being the specific AGCT marker accepted in clinical use 
(Petraglia et al. 1998, Robertson et al. 1999).  

AMH is expressed by granulosa cells of females at reproductive age, inhibiting excessive 
recruitment of follicles by FSH. It may be used as a diagnostic or follow-up marker for 
AGCT either independently or in combination with inhibin B (Long et al. 2000, Färkkilä 
et al. 2015, Geerts et al. 2009). However, the AMH gene expression has been found to 
correlate negatively with GCT size (Anttonen et al. 2005), suggesting reduced diagnostic 
or prognostic value in advanced disease. Regarding markers for epithelial ovarian 
cancer, CA125 has no significant value in AGCT diagnostics (Stine et al. 2013), whereas 
studies of HE4 in AGCT diagnostics or follow-up have not been published.  
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ovarian volume exceeded 8.2ml. No significant difference in the prevalence of index 
cancers (ovarian or tubal) was detected between the groups within a seven-year follow-
up, however, the scientists suggested a further study about the effect on mortality. A 
comparative study from the same research group with a computerized CA125-based 
Risk of Ovarian Cancer Algorithm (ROCA) versus a specific CA125 cutoff level 
(Menon et al. 2005) proved the screening protocols fairly functional and having decent 
positive predictive values, however, no statement was made about the effect on mortality 
and cost-effectiveness.  

A further multicenter UK collaborative Trial of Ovarian Cancer Screening (UKCTOCS) 
study randomized 202,638 postmenopausal women into two different screening arms 
and a control arm in a 1:1:2 ratio. Women with bilateral oophorectomy, prior ovarian or 
current non-ovarian cancer or a strong family history of EOC were excluded. The women 
in the multimodal (MMS) group were screened using ROCA, results triaging the women 
with no increased risk to annual screening, women with intermediate risk to repeated 
CA125 testing in three months and high-risk individuals to repeated CA125 testing and 
TVS within six weeks. The USS screening group with TVS as the primary screening 
method were triaged to annual screening (no increased risk), repeated TVS in three 
months (unsatisfactory findings) or a TVS performed by a specialist within six weeks 
(abnormal findings). After 14 years, a decrease in ovarian cancer mortality of 14% was 
reported in the MMS group and 11% in the USS group compared to the control group. 
The most significant reduction of mortality was detected during years 7-14 for both 
groups (Jacobs et al. 2016). This study challenges a number of earlier studies 
recommending against screening for ovarian cancer in general population (Buys et al. 
2011, Jacobs et al. 1999, Menon et al. 2014).  

Women in higher risk of EOC might, however, benefit from a targeted screening 
program. Karlan et al studied the effectiveness of HE4 as a primary or confirmatory test 
to select patients for further evaluation with sonography or clinical follow-up. The 
patients were chosen as high-risk individuals for EOC for either carrying a BRCA 
mutation, having familial history of EOC or a HNPCC mutation or significant 
epidemiological risks or certain circulating proteins conferring EOC risk. One study arm 
included only CA125 measurements as the primary screening method with an HE4 
confirmation in case of a positive primary screen and the other included both CA125 and 
HE4 analysis as primary testing. Person-specific baselines for each marker were 
calculated in order to detect a possible early rise indicating a malignant process. No 
advanced cancers were missed by either arm, yet no early-stage cancers were identified 
by either arm. There was no clear difference between the arms in the capacity to detect 
cancer, however, including HE4 as a first-line screening method increased the number 
of interventions compared to CA125 only (2014).  

Longitudinal follow-up of CA125 measurements is shown to detect ovarian cancer 
earlier than using single threshold values (Drescher et al. 2013, Skates et al. 2003, Bast 
et al. 2002). Significantly elevated serum CA125 levels, although within normal range, 
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have been associated with adnexal dysplasia among a group of women with hereditary 
risk for ovarian cancer scheduled for adnexal surgery (Hermsen et al. 2007), possibly 
indicating the predictive role of CA125 concentrations increasing close to the diagnosis. 
In a case-control study by Bjørge et al. (2004) serum CA125 levels were found to 
increase up to 1.5 years prior to ovarian cancer diagnosis. Gislefoss and colleagues 
(2015) conducted a serum bank study with prediagnostic serial samples from 120 
patients with invasive epithelial ovarian cancer.  Both HE4 and CA125 were analyzed 
and compared with healthy controls. A significant increase of HE4 was detected two 
years before diagnosis, whereas in CA125 a difference was found already four years 
before the EOC diagnosis was made. 
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The effect of endometriosis on CA125 was significant as expected (25.8 U/l for 
endometriosis patients vs. 6.8 U/l in healthy women, p<0.001). One third of the 
endometriosis patients presented with levels above 35 IU/l, the upper limit of reference 
range in clinical use. The effect of the menstrual cycle was more remarkable in 
endometriosis patients, and therefore the groups were analyzed separately. In the 
endometriosis group, serum CA125 concentrations were higher in the secretory (38.8 
U/ml, p=0.002) and the proliferative phases (36.2 U/ml, p=0.004) than in the 
inactive/atrophic phase (15.4 U/ml). No such cycle-dependent variation was detected in 
the group of healthy women.  

However, when the effect of the menstrual cycle on marker levels was analyzed 
separately in women who did not take hormonal contraception, there was no longer a 
difference between the groups. Furthermore, no cycle-dependent fluctuation of the 
serum markers was seen in either healthy women or women with endometriosis.  

There was no difference between the study groups regarding the effect of hormonal 
medication on HE4 (p=0.74) and CA125 (p=0.86), therefore, the analyses for each 
marker were performed on the entire study population. All medication groups were first 
analyzed separately with no effect of any medication on the serum HE4 or CA125 levels 
(Figure 3), however, due to the small sample size in all but the CC group, the groups for 
other medication were not used for statistical comparison in the final analysis. No 
significant difference was then detected between the women taking combined oral 
contraceptives and the women with no hormonal medication for either HE4 (p=0.28) or 
CA125 (p=0.4).  
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to the level of GnRH suppression. No significant age-dependency was noted in this small 
group of patients, except on the day of hCG test, when women over 35 years of age had 
lower HE4 concentrations than younger women (30.7 pM vs. 40.3 pM, p=0.032).  

 
Figure 4. Serum HE4 concentrations during gonadotrophin stimulation. D5 = day 5 from the start 
of the suppression, d7 = day 7 from the start of the suppression, d9-12 = days 9-12 from the 
suppression start, OPU = transvaginal ovum pick-up, HCG = day of pregnancy test.  

When analyzed separately, the women achieving pregnancy (n=8), had the median HE4 
concentration of 39.6 pM, whereas the HE4 concentration in non-pregnant women was 
33.4 pM, showing a significant decrease compared to the first stimulation visit (p<0.05, 
Figure 5a). Altogether, only two single samples of different patients (74.4 pM at the 
second stimulation visit and 76.3 pM at the time of the pregnancy test) rose slightly 
above the threshold limit, 70 pM for premenopausal women, considered at Turku 
University Hospital, and none over the limit of 150 pM suggested by the manufacturer. 

Serum CA125 levels were low from the beginning of the ovarian suppression (median 
17.0 U/ml) throughout the FSH stimulation (16.6-18.5 U/ml, Figure 5b), and hCG 
injection had no effect on serum CA125 concentration (18.5U/ml). At the time of the 
pregnancy test, however, the serum CA125 concentration increased to 37.2 U/ml in 
pregnant and 39.0 U/ml in non-pregnant women, both significantly higher than the 
levels at the first stimulation ultrasound (p<0.001). CA125 concentrations above the 
clinically accepted cutoff limit of 35 U/ml were detected in 20 samples, half of them 
in women with endometriosis, presenting with elevated CA125 levels throughout the 
study period.  
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Figure 8. Differences in serum HE4 concentrations between study groups. GEU= tubal 
pregnancy, SPONT.AB= spontaneous abortion, AAP= medical abortion. 

The median CA125 concentration for the GEU group was 21.6U/ml, 31.2 U/ml for the 
spontaneous abortion group, 39.0 U/ml for the medical abortion group and 8.1 U/ml for 
the healthy control group. There were no significant differences in the median CA125 
concentrations between the different subgroups of pregnant women, however all three 
pregnancy groups had higher CA125 levels than the healthy controls (p<0.001). The 
duration of the pregnancy did not correlate with serum HE4 or CA125 levels. 

All serous ovarian carcinomas showed strong positive staining in HE4 
immunohistochemistry. In normal ovaries, the surface epithelium and stroma were 
immunonegative, whereas the epithelium in the cortical inclusion cysts of Müllerian 
origin stained strongly (Figure 9). Endometrial glands both in proliferative and secretory 
phase were positive and endometrial stroma negative. The neoplastic glands in 
endometrial adenocarcinoma stained strongly. The staining in the normal fallopian tubal 
epithelium was relatively strong, yet discontinuous and tubal stroma was negative 
(Figure 10a). All placental tissue, both epithelium and stroma, was immunonegative 
irrespective of preceding pregnancy status (tubal, spontaneous or medical abortion). In 
tubal pregnancies, however, the tubal epithelium staining appeared stronger in intensity 
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and was continuously distributed over the entire epithelial layer in contrast to the normal 
fallopian tubes evaluated (Figure 10b). Tubal carcinoma stained continuously and 
strongly (Figure 11).  

 
Figure 9. Normal ovary with immunonegative stroma and surface epithelium. Cortical inclusion 
cyst presents with strong immunohistochemical staining.  

      
10a                                                                          10b 

Figures 10a and b. Normal fallopian tube epithelium presenting with discontinuous 
immunoreactivity and variable intensity (10a), Consistent immunohistochemical staining over 
the entire tubal epithelium in tubal pregnancy (10b). 

 
Figure 11. Strong, diffuse staining of the neoplastic epithelium in tubal carcinoma. 
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as a prognostic marker for IVF (Miller et al. 1996), nonetheless, concluded to be of no 
clinical relevance (Urbancsek et al. 2005, Noci et al. 1999). No such elevation of CA125 
concentration during IVF treatment was detected in our Study II. Nevertheless, in 
contrast to HE4, CA125 is expressed in the peritoneal cavity (Kabawat et al. 1983) and 
elevated due to several unspecific causes of peritoneal irritation (Meden and Fattahi-
Meibodi). A small study of nine patients, experiencing severe OHSS with subsequent 
ascites formation, reported normal HE4 mean values of 42.89 pM, however with no 
comparison to pre-treatment values (Hatzipetros et al. 2013). Our finding of the slight 
elevation of HE4 after the ovarian stimulation might be explained by interim changes in 
the fluid balance and glomerular filtration related to the controlled ovarian 
hyperstimulation rather than by hormonal causes.  

Regarding CA125, the cycle-dependent variation was much stronger in endometriosis 
patients, a phenomenon previously recognized (Kafali et al. 2004), presenting with 
higher levels in both the proliferative and the secretory phase compared to the 
inactive/atrophic phase. Unlike in several previous studies (Pittaway and Fayez 1987, 
Bon et al. 1999), no increase during the menstrual phase was detected in our study 
population, possibly due to the small study population or the relatively high prevalence 
of hormonal contraceptive use. Furthermore, when the analysis was repeated with the 
exclusion of the endometriosis patients taking hormonal contraceptives, the cycle-
dependent variation was no longer seen. This might be explained by the patients with 
more active endometriosis and more intensive symptoms using more hormonal 
medication, although there was no difference in the ASRM staging between the different 
medication groups.  

The limitations for clinical use of the tumor marker CA125 have long been recognized 
and have prompted numerous studies for novel markers. Endometriosis does not affect 
serum HE4 levels (Huhtinen et al. 2009, Kadija et al. 2012, Moore et al. 2012), whereas 
endometriosis is a long-known source of elevated CA125 levels (Patton et al. 1986), 
findings further confirmed by our results in Study I and Study III. The effect of 
endometriosis on CA125 is evident to the extent of CA125 being evaluated as a 
diagnostic marker for endometriosis. A recent meta-analysis (Hirsch et al. 2016) 
concluded that CA125 can be used to further strengthen the suspicion of endometriosis 
with the pooled specificity of 93%, however, the negative predictive value is poor with 
the sensitivity of 52%. Furthermore, the diagnostic accuracy improved with more severe 
disease. However, an increased risk of ovarian cancer, particularly the subtypes of clear-
cell, low-grade serous and endometrioid ovarian carcinomas has been associated with 
endometriosis (Pearce et al. 2012, Melin et al. 2006, Rossing et al. 2008), and even a 
stronger correlation has been published between histologically confirmed, more severe 
forms of endometriosis and EOC (Lee et al. 2015). Therefore, the relevance of the 
significantly increased CA125 levels in patients with endometriosis, although a benign 
disease, ought to be discussed if ovarian cancer screening protocols for high-risk patients 
were to be implemented.   
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(Galgano et al. 2006). Our finding of the elevated HE4 concentration in tubal 
pregnancies as compared to discontinued intrauterine pregnancies prompted us to 
explore the role of the affected tubal epithelia in this serum marker elevation with 
immunohistochemistry. The interest was further aroused by the theory of EOC precursor 
lesions originating from the fallopian tube, and the relatively early increase of HE4 in 
the early stages of EOC (Moore et al. 2008). Whereas the HE4 immunohistochemical 
staining in the healthy tubal epithelium was relatively weak and discontinuous, the 
staining in tubal pregnancies appeared more intensive and consistent throughout the 
tubal epithelium. All placental cell types were HE4 immunonegative.  

The question, whether ovarian carcinoma, peritoneal carcinosis and tubal carcinoma are 
actually separate diseases or multifocal occurrences of one disease, was asked already in 
1981 (Bannatyne and Russell 1981). More recently, the same theory resurfaced when a 
histopathological examination of fallopian tubes prophylactically removed from women 
with a high risk for ovarian cancer revealed early dysplastic lesions (Piek et al. 2001). 
When further cohorts of prophylactically removed fallopian tubes from BRCA-positive 
women were examined, 4,5-5,7% of the women were diagnosed with occult tubal or 
ovarian malignancy present, and with the majority of the cancerous lesions observed at 
the distal end of the tubae (Callahan et al. 2007, Laki et al. 2007), the results suggested 
that the increased risk of cancer in these women might actually originate from the 
changes appearing in the fimbriae.  

Prophylactic and risk-reducing bilateral salpingo-oophorectomy (RRSO) has been 
recommended to BRCA carriers as it reduces ovarian cancer risk significantly, up to 
80% (Domchek et al. 2010, Finch et al. 2014), resulting also in a 50% risk-reduction in 
breast cancer and a 75% decrease of overall mortality (Domchek et al. 2010). The timing 
of the procedure is generally recommended at the age of 35 to 40 years or when there is 
no more wish for children (Finch et al. 2006, Meindl et al. 2011). The theory of the 
increased risk of these women arising purely from the tubes and the recognition of the 
significant ovarian and peritoneal carcinoma reduction in low-risk women due to 
salpingectomy (Lessard-Anderson et al. 2014) would support the idea of prophylactic 
salpingectomy already at a younger age followed by a delayed oophorectomy years later. 
However, thus far the only intervention shown to decrease mortality in BRCA carriers 
is bilateral salpingo-oophorectomy. In our study population there was one known BRCA 
carrier with RRSO and one woman with prophylactic salpingo-oophorectomy due to 
recently diagnosed hormone receptor-positive breast cancer.  
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