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ABSTRACT

Objective: To investigate the relationship between primary epithelial ovarian tumors and histomorphologic changes in the fimbrial 
ends (FEs) of the fallopian tubes.
Materials and Methods: Twenty-eight serous carcinomas (SCs) and 12 non-serous carcinomas (NSC) were studied. Ovarian and 
concomitant invasive tumors in FEs were labeled with PAX8, WT-1 and Calretinin.
Results: Eighty-six percent of SCs were high grade (HG), 14% of were low grade (LG). 71% of SCs (85% HG, 15% LG) had concomitant 
invasive tumors in FEs. Serous tubal intraepithelial carcinoma (STIC) was seen in 29% (75% HG, 25% LG), all had concomitant 
invasive tumors in FEs. The presence of tumors in FEs was statistically significant in SCs (p=0.03). 33% of NSCs had concomitantly 
invasive tumors in FEs. 67% of endometrioid tumors, 33% of clear cell carcinomas had endometriosis. 50% of mucinous tumors, 
67% of endometrioid tumors, 50% of benign Brenner tumors had Walthard nest. Except for mucinous carcinomas, ovarian and 
concomitant invasive tumors in FEs displayed tubal phenotype (Calretinin-/PAX8+).
Conclusion: The results of our study suggest that, invasive tumors and STIC in FEs are not only limited to HGSCs, but can also be seen 
in LGs. FEs could also be a site of origin for NSCs, however, future studies with more cases are needed.
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1. INTRODUCTION

Epithelial ovarian cancer constitutes the second most common 
gynecological malignancy with highest mortality in women [1, 
2]. The high mortality rate is primarily due to the difficulties in 
diagnosis, including the lack of specific and sensitive biomarkers 
that could aid early diagnosis. Studies have shown that epithelial 
ovarian cancer is not a single disease, but it is composed of a 
diverse group of tumors that can be classified based on different 
morphologic and molecular features [3-5]. One group of tumors, 
designated type 1, is composed of low-grade serous carcinomas 
(LGSCs), low-grade endometrioid, clear cell, mucinous and 
transitional cell carcinomas [6, 7]. Another group of tumors, 
designated type 2, is highly agressive and includes conventional 
high-grade serous carcinomas (HGSCs), undifferentiated 
carcinomas and malignant mixed mesodermal tumors [3]. 
The most common subtype of ovarian carcinoma is serous 
carcinomas, and HGSCs comprise the vast majority. Thus, 

most of the studies have focused on HGSCs, and LGSCs have 
not been well-studied. LGSC is a unique entity with clinical and 
molecular characteristics distinct from HGSCs. Compared to 
HGSCs, LGSCs tend to occur in younger women, have indolent 
behavior and are chemoresistant [8]. In the last decade, studies 
have shown that HGSCs are likely derived from the epithelium 
of fimbrial ends (FEs). In contrast to HGSCs, it was assumed 
that, LGSCs arose from ovarian epithelial inclusions, serous 
cystadenoma or adenofibroma, and then progressed to serous 
borderline tumors and invasive carcinoma [9-13]. However, a 
few recent studies explored some histomorphological changes in 
the FEs of fallopian tubes, and concluded that secretory cells in 
fallopian tubes could be the source of LGSCs [14-16].
The aim of our study is to determine histomorphological findings 
(metaplasia, epithelial atypia, serous tubal intraepithelial 
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carcinoma (STIC), invasive tumor), and evaluate any 
relationship between histologic types of ovarian carcinomas and 
these changes by using Senctioning and Extensively Examining 
the Fimbriated End (SEE-FIM) protocol for sampling fallopian 
tubes in groups with tumours and in control groups.

2. MATERIALS and METHODS

Our project was reviewed in 2012, and ethical approval was 
obtained from the Marmara University, School of Medicine 
Clinical Research Ethics Committee (approval number: 
09.20120170).
Forty primary epithelial ovarian carcinomas between January 
2011 and May 2014 were retrieved from the files. Cases with 
tumors that directly invaded the FEs were excluded from the 
study. Forty cases with tissue diagnosis of leiomyoma within the 
same period were included as the control group.
Serous carcinomas were graded according to M.D. Anderson 
criteria [17]. Tumor cells consist of uniform, round to oval 
nucleus with distinct nucleoli, mild to moderate nuclear atypia, 
and the mitotic index of up to 12 mitoses per 10 high power 
fields were classified as low-grade, while tumor cells with 
distinct pleomorphism, severe nuclear atypia, nucleus with 
coarsed chromatin pattern and mitotic index of more than 12 
mitoses per high power were filed as high-grade [17]. Then, 
according to the p53 staining pattern, cases were reclassified as 
low or high grade.
Fimbrial ends of 80 cases (40 from tumor group and 40 from 
control group) were firstly evaluated by hematoxylin and eosin 
stain, to see if there were any histomorphological findings 
which replaced the normal tubal epithelium. Suspicious foci 
were reevaluated with serial tissue sections. Stratification with 
epithelial atypia, loss of cilia, hyperchromasia, presence of 
nucleolus, increased nucleocytoplasmic ratio and loss of polarity 
were considered significant for STIC.
Sectioning and Extensively Examining the Fimbriated End 
protocol was used for sampling fallopian tubes of all cases 
including the control group [18-20]. The best representative 
formalin-fixed paraffin-embedded tissue section (for tumor 
group; ovarian tumor and concomitant invasive tumor in FEs, 
for control group; normal appearing FEs) was chosen in each 
case. Three micrometer thickness sections were obtained and 
underwent overnight deparaffinization at 37ºC. The sections 
were submerged for antigen retrieval in citrate buffer (ph 
6.0). Immunohistochemical staining was performed with 
streptavidine biotin peroxidase method by using antibodies as 
follows: Calretinin (1:50, 5A5, Novocastra, Leica Biosystems, 
UK), PAX8 (1:200, MRQ50, Cell Marque, California, US), WT-1 
(1:200, 6F-H2, Cell Marque, California, US) and p53 (1:800, DO7; 
Novocastra, Leica Biosystems, UK). Nuclear labeling in at least 
25% of cells was considered to be expression for PAX8 and WT-
1, and cytoplasmic for Calretinin. p53 was applied to FEs of both 
the tumor group and the control group. Regardless of presence of 
atypia, diffuse linear nuclear staining of equal to or more than 12 
epithelial cells was considered significant for p53 signature.

Statistical Analysis

Fisher`s exact test was used for statistical analysis, and p values 
of <0.05 were considered statistically significant.

3. RESULTS

Distrubution of tumor types was summarized in Table I. Twenty 
eight (70%) cases were serous carcinomas (SCs), and 12 (30%) 
were non-serous carcinomas (NSCs). Median age in the tumor 
and control group was 56.2 years and 50.4 years respectively.

Serous carcinomas

Twenty four (86%) were HGSCs and 4 (14%) were LGSCs. Median 
ages of HGSCs and LGSCs 59 years and 56.5 years respectively. 
Concomitant invasive tumors were seen in FEs of 20 SCs (71%); 
17 (85%) were HGSCs and 3 (15%) were LGSCs (Figure 1). 
STIC was seen in eight (29%) cases; six were (75%) HGSCs, two 
(25%) were LGSCs (Figure 2A), and all had concomitant invasive 
tumors in FEs (Figure 2B). There was no statistically significant 
difference between tumor grade and STIC or presence of invasive 
tumors in FEs (p=0.29 and p=0.68). However, the presence of 
concomitant invasive tumors in FEs was statistically significant in 
SCs, compared to NSCs (p=0.03) (Table II).

Table I. Distribution of tumor types

Histologic tumor type Number of cases 
n (%)

Serous carcinoma 28 (70)
Mucinous tumor 4 (10)
Clear cell carcinoma 3 (7.5)
Endometrioid tumor 3 (7.5)
Brenner tumor 2 (5)
Total number of cases 40

Table II. Comparison of the presence of tumors at the fimbrial ends 
between serous and non-serous carcinomas

Histologic tumor type (n) The presence of tumor at the fimbrial end 
n (%)

Serous carcinoma (28) 20 (71.4)
High grade serous carcinoma (24) 17 (85)
Low grade serous carcinoma (4) 3 (15)
Non-serous carcinoma (12) 4 (33)
Mucinous tumor (4) 0
Clear cell carcinoma (3) 1 (25)
Endometrioid tumor (3) 2 (50)
Brenner tumor (2) 1 (25)

p=0.03

p53 signature was seen in 11 (39%) cases (Figure 3A); eight 
(73%) had concomitant invasive tumor in FEs (Figure 3B), and 
three (27%) had STIC (Figure 3C). The presence of p53 signature 
and tumor grade was not significantly associated (p=0.48).
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All SCs were positive for PAX-8 (Figure 4A), 24 (86%) were 
positive for p53 (Figure 4B), and 24 (86%) were positive for 
WT-1 (Figure 4C). Calretinin was also positive in five (18%) 
cases (Figure 4D), and three (60%) of them were high-grade 
(Table III). The ovarian tumors and invasive tumors in FEs 
displayed tubal phenotype (Calretinin-\PAX8+) in 18 (90%) 
cases.

Table III. Staining pattern of ovarian tumors in all cases

Histologic tumor type (n)
p53

n (%)
PAX8
 n (%)

WT-1
n (%)

Calretinin
n (%)

 Serous carcinoma (28) 24 (86) 28 (100) 24 (86) 5 (18)
 Mucinous tumor (4) 0 0 0 0
 Clear cell carcinoma (3) 1 (33) 1 (33) 1 (33) 0
 Endometrioid tumor (3) 0 2 (67) 2 (67) 1 (33)
 Brenner tumor (2) 1 (50) 0 1 (50) 0

Figure 1. Presence of tumor in the fimbrial end in serous carcinoma 
(H&E, X40)

Figure 2A. Presence of STIC in serous carcinomas (H&E, X200)

Figure 2B. Presence of STIC and concomitant invasive tumor in the 
fimbrial end (H&E, X100)

Figure 3A. p53 signature (X200) 

Figure 3B. p53 signature and concomitant invasive tumor in the fimbrial 
end (X100) 
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Figure 3C. Presence of STIC and p53 expression (X100)

Figure 4A. Expression of serous carcinomas for PAX-8 (X100

Figure 4B. Expression of serous carcinomas for p53 (X100)

Figure 4C. Expression of serous carcinomas for WT-1 (X200)

Figure 4D. Expression of serous carcinomas for Calretinin (X200)

Figure 5A. Endometrioid tumor (H&E, X100)
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Figure 5B. Expression of endometrioid tumor for p53 (H&E, X100)

Figure 6A. Brenner tumor (H&E, X100)

Figure 6B. Brenner tumor and concomitant invasive tumor in the fimbrial 
end (H&E, X200)

Non-serous carcinomas

A total of 12 cases were NSCs including four (33%) mucinous 
tumors, three (25%) clear cell carcinomas, three (25%) 
endometrioid tumors and two (17%) benign Brenner tumors. 
Three (75%) mucinous tumors and two (67%) endometrioid 
tumors were borderline. The concomitant invasive tumors in 
FEs were seen in four (33%) cases; two endometrioid tumors 
(Figure 5A and 5B), one clear cell carcinoma and one benign 
Brenner tumor (Figure 6A). No invasive tumor or TIC was seen 
in the FEs of mucinous tumors. Although, this ratio is less than 
in SCs, more studies with a larger number of cases should be 
carried out for equitable comparison. One (8%) case had TIC, 
and five (42%) had p53 signature. There was no statistically 
significant difference in presence of p53 signature between SCs 
and NSCs (p=0.58) (Table IV). Endometrioid tumors (67%) 
which had invasive tumors in FEs, had also endometriosis foci 
in FEs. No in situ carcinoma was seen in FEs and one had p53 
signature. The clear cell carcinoma case which had invasive 
tumor in FEs, had also TIC and endometriosis foci. The benign 
Brenner tumor case which had invasive tumors in FEs (Figure 
6B) had also p53 signature and Walthard nest in FEs. Walthard 
nest was also seen in 50% of mucinous tumors and 67% of 
endometrioid tumors. Except mucinous tumors, ovarian tumors 
and concomitant invasive tumors in the FEs displayed tubal 
phenotype (Calretinin-\PAX8+) in all cases.

Table IV. Comparison of p53 signature between serous carcinomas and 
non-serous carcinomas
Group (n) p53 signature n (%)
Serous carcinomas (28) 11 (39)
Non-serous tumors (12) 5 (42)
Total number of case (40) 16

p=0.58

Table V. Comparison of the presence of tumors at the fimbrial end in the 
literature and in our study
The name of the study Tumor at the fimbrial end (%)
Mehra et al 2011 [19] 80
Medeiros et al 2006 [18] 38
Salvador et al 2009 [20] 58
Our study 71

4. DISCUSSION

The current study is one of the few studies investigating the 
fallopian tubal epithelial pathologies in SCs graded by M.D 
Anderson criteria. The incidence of invasive tumor in the FEs 
of HGSCs (85%) is significantly higher than in LGSC (15%). As 
a result, we found that FE could be the origin of not only the 
HGSCs but also the LGSCs.
Women with BRCA germ line mutations, who had undergone 
prophylactic salphingooophorectomy, were studied for targeted 
region of serous carcinogenesis in previous studies (Table V). 
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While Mehra et al., found invasive tumors in FEs in 80% of 
the cases, Medeiros et al., identified invasive tumours in 38% 
of women with BRCA germ line mutations [20,21]. Salvador et 
al., studied sporadic SCs. They found invasive tumors in FEs 
in 58% of cases, and all were HGSCs [23]. These studies have 
provided evidence that the fallopian tube, especially the fimbria 
is the primary site of most HGSC. In our study, we found a high 
percentage (71%) of invasive tumors in FEs of SCs, and 85% of 
them were HG.
The origin of LGSC is less clear compared to HGSCs, as there 
were only few studies related to this tumor group [8, 12, 
14, 15]. The few LGSC can be the main issue for this. Also, 
different grading systems among these studies prevent accurate 
comparison.
The theory that SCs originate from fallopian tubal epithelia was 
further supported by the presence of a high percentage (59%) of 
STIC accompanied with invasive tumors in HGSCs. However, 
LGSCs were not mentioned in these studies [24, 25]. In our 
study, the incidence of STIC was 21%, and invasive tumors in 
FEs of HGSCs and LGSCs were 85% and 15% respectively. [9, 
21]. This showed that invasive tumors and STIC could be found 
in LGSCs as well as in HGSCs.
In literature, the association between p53 signature and STIC 
was reported in a wide range (20-60%) [26]. In our study, p53 
signature was seen in 11 (39%) SCs; three (27%) had STIC, 
and eight (73%) had concomitant invasive tumor in FEs. This 
difference can be explained by different sampling methods of 
FEs, as in most of the studies no information was given about 
the sampling method. Presence of STIC or invasive tumor in FEs 
among all cases, where p53 signature was identified, gave rise 
to the opinion that HGSCs are originated from this sequence 
[9, 11]. We found that p53 signature could be identified 
independently from tumor grade and was not only specific for 
HGSCs, but also can be seen in LGSCs and NSCs.
The precursors of STIC, identified as p53 signature, was reported 
approximately 10-40% within normal population in literature. 
Most studies reported that the ratio of this incidence can be 
changed by studying with different ethnic groups and sampling 
methods. By sampling with SEE-FIM protocol, the incidence 
was found higher [19, 24], and in our study p53 signature was 
identified in six (15%) of control group which was compatible 
with literature.
In additon to histomorphologic features, performing 
immunohistochemical stains including PAX8, WT-1 and 
Calretinin, was suggested to determine the origin of tumor. 
It is thought that the tumor is originated from fallopian tubal 
epithelium, if it is positive for PAX8 and negative for Calretinin, 
while it is originated from mesothelium if stained vice versa [15, 
25, 26]. In our study, ovarian tumor and concomitant invasive 
tumor in FEs showed tubal phenotype in 18 (90%) SCs. Five (18%) 
SCs were positive for Calretinin. The significant relationship 
with HGSCs and Calretinin positivity were reported in recent 
studies, and this was explained by loss of tumor differentiation. 
In our study, 60% of Calretinin positive carcinomas were high 
grade. In addition, it has also been proposed that, some ovarian 

tumors arise from the mesothelial surface lining of the ovaries 
or from invaginations of this lining into the superficial ovarian 
cortex that form cortical inclusion cysts. Thus, these inclusion 
cysts were blamed for precursor lesions of ovarian carcinomas 
[30]. However, to make an exact comment, we thought that 
histomorphological changes and staining pattern of ovarian 
inclusion cysts should also be studied.
A few studies about NSCs located in FE were reported. However, 
the fimbriae were not examined in detail in any of these cases. 
Alvarado-Cabrero et al., studied SCs and NSCs located in 
FE, but in this study, the survey was evaluated, instead of the 
histomorphological findings of the fimbriae [28]. Maeda et al., 
studied 52 primary ovarian carcinomas, and invasive tumors in 
FEs were only seen in SCs [29]. Seidmann et al., studied Brenner 
tumors, and no invasive tumor or precursor lesion was found in 
the FEs. However, Walthard nests were evident in 20% of cases. 
By detailed sampling of the FEs and examining the precursor 
lesions, comments about the origin of mucinous and Brenner 
tumors could also be made [30]. According to the results of these 
studies, it was thought that NSCs could also have originated 
from the FEs [31, 32]. In our study, concomitant invasive tumors 
in the FEs were seen in four (33%) NSCs; two (%50) were 
endometrioid tumors, one (%25) was clear cell carcinoma, and 
one (%25) was benign Brenner tumor. No concomitant invasive 
tumor in the FEs was seen in the mucinous tumors. Mucinous 
tumors were also different from other types of tumors by their 
staining pattern, since they displayed mesothelial phenotype 
(Calretinin+\PAX8-). The limitation of our study was too few 
cases for studying the relationship between NSCs and FEs. 
However, we thought that detailed sampling of FEs in all ovarian 
carcinomas was important for obtaining precursor lesions. 
Except for mucinous tumors, the relationship between FE and 
NSCs may be found by studying more cases.

Conclusion

Our findings suggest that most SCs, regardless of tumor grade, 
originate from FEs. Although, the number of cases is quite 
low, our study suggests that NSCs can also originate from FEs. 
To determine the relationship between NSCs and FEs, more 
cases should be studied with detailed sampling method. The 
results of all these studies are helpful for both classification of 
primary ovarian epithelial carcinomas and precursor lesions. 
Also, recognising the origin of precursor lesions could light the 
way for ideas on more conservative surgeries, which is vital for 
reproductive women.
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