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Abstract. In view of the small number of recurrent and meta-
static cases of female adnexal tumors of probable Wolffian 
origin (FATWO), there is a distinct lack of evidence to 
support recommendations regarding treatment. In the present 
study, a 37‑year‑old female was diagnosed with a left adnexal 
tumor and underwent a left salpingo‑oophorectomy (SO). 
The tumor was found to arise from the left tubal fimbria and 
extend to the posterior leaf of the broad ligament. Patho-
logical examination identified a number of solid, tubular and 
cystic architectures, with areas of hyalinization, hemorrhage 
and necrosis. Immunohistochemistry detected that the tumor 
cells were positive for cytokeratin (CK)7, vimentin, inhibin 
and calretinin, and negative for CK20, epithelial membrane 
antigen, and the estrogen and progesterone receptors. 
Thus, the patient was diagnosed with FATWO. Following 
15  months, the patient developed recurrent tumors and 
subsequently underwent a total abdominal hysterectomy, a 
right SO and extirpation of the disseminated tumors, but with 
incomplete debulking. The tumor cells were immunoreactive 
for KIT. As there are a limited number of treatment options 
and few reported cases, limiting the therapy recommenda-
tions, imatinib mesylate was administered for 6 months and 
the tumors were temporarily stabilized for 4 months until 
the disease progressed. The patient underwent a further 
debulking surgery that did not achieve complete debulking 
and was subsequently administered a combination chemo-
therapy of paclitaxel and carboplatin. This regimen resulted 
in an almost complete response after 10 cycles. The tumors 
continued to decrease in size, and the tumors in the left side 

of the Douglas pouch and the right para‑colic gutter were 
no longer detectable. To the best of our knowledge, the 
current study is the first to report carboplatin and paclitaxel 
combination therapy demonstrating a response of this degree 
to recurrent FATWO following the failure of imatinib treat-
ment. However, surgical debulking remains the most effective 
treatment for FATWO when is it is possible. The precise 
role of chemotherapy, radiotherapy and molecular‑targeting 
therapy in the treatment of recurrent or metastatic FATWO 
remains to be elucidated, and therefore, novel strategies to 
overcome this disease must be prioritized.

Introduction

Kariminejad and Scully (1) first reported the occurrence of 
female adnexal tumors of probable Wolffian origin (FATWOs) 
in 1973, they regarded it as a non‑malignant lesion. This rare 
type of neoplasm typically arises from the persisting remnants 
of the mesonephric duct following its natural degeneration (1). 
There are numerous characteristics associated with the possi-
bility of a Wolffian origin, including localization to the broad 
ligament, where Wolffian remnants are typically found (2,3), 
and the lack of resemblance to other tumors originating from 
Müllerian derivatives. The age at diagnosis ranges from 
18‑81 years, with a mean age of 50 years. Preoperative diag-
nosis of FATWO is difficult due to the rarity of the disease and 
the limited literature available. There are no comprehensible 
recommendations regarding its preoperative workup and 
optimal treatment (4). FATWOs typically comprise of small‑ 
to medium‑sized cells that may be ciliated, demonstrating 
minimal atypia and a number of mitotic figures arranged in a 
sieve‑like microcystic trabecular diffuse pattern (5). The tumor 
cells are cuboidal or flat with indistinct cytoplasm and bland 
nuclei and somewhat resemble the cells seen in the remnants 
of the Wolffian duct  (5). Further evidence of the origin of 
FATWOs is demonstrated by the positive immunoreactivity 
of these rare tumors to pan‑cytokeratin (CK), CAM 5.2 CK 
antibody, CK7 and vimentin; however, negative immunoreac-
tivity was identified for estrogen receptor (ER), progesterone 
receptor (PR), epithelial membrane antigen (EMA) and 
CD20 (6,7).
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Although FATWO tumors typically have been demon-
strated to have low malignant potential, with the majority of 
tumors diagnosed as benign, they have the potential to recur 
and a number of cases have metastasized (4,8‑10). A previous 
study reported that ~20% of cases are associated with an 
adverse outcome (6), and that recurrences are treated with a 
number of distinct of chemotherapy and radiation therapies. 
As these cases are rare, there are no recommendations, to 
the best of our knowledge, regarding the initial evaluation 
and diagnosis, effective treatment, follow‑up time period and 
adjuvant or salvage therapies.

The current study analyzes the case of a 37‑year‑old female 
with recurrent FATWO and the clinical, morphological and 
immunohistochemical observations of this patient, including 
c‑kit gene mutational analysis and potential treatment options. 
Written informed consent was obtained from the patient for 
the publication of the present study.

Case report

A 37‑year‑old primiparous woman without any prior medical 
history was presented to Naha Municipal Hospital (Naha, 
Japan) with severe lower abdominal pain in December 2012. 
Ultrasound examination identified a solid and cystic adnexal 
mass on the left side, and the patient was referred to University 
of the Ryukyus Hospital (Okinawa, Japan) in January 2013. 
Pelvic examination identified a tender mobile tumor in the 
Douglas pouch. A computed tomography (CT) scan confirmed 
the presence of a twisted, well‑demarcated, multilocular tumor 
with an irregularly enhancing capsule, implicating the poten-
tial for malignancy. The tumor was 70x40 mm in size and had 
a number of ascites. T2‑weighted magnetic resonance imaging 
identified the mass as a well‑defined ovoid structure associated 
with a mixture of low‑ and high‑intensity signals, excluding 
the ovaries (Fig. 1). Serum tumor markers were within normal 
limits [cancer antigen (CA)‑125, 35 IU/ml; carcinoembryonic 
antigen, 2 ng/ml; CA 19‑9, 23 IU/ml].

The patient was diagnosed with a possible left tubal 
carcinoma and underwent a laparotomy in February 2013. 
During the surgery, the mass was identified to have arisen 
from the left tubal fimbria and extended to the posterior leaf 
of the broad ligament. The tumor was distinct from the left 
ovary and was twisted four times. There were no macroscopic 
intra‑abdominal peritoneal implants, whereas micropapil-
lary implants (<5 mm) were identified on the left ovary. The 
patient underwent left salpingo‑oophorectomy (SO), pelvic 
lymph node sampling and omental biopsy, and the tumor was 
resected.

Macroscopic findings of the mass identified a tumor 
of uneven surface weighing 175 g and measuring 7x6 cm. 
The tumor was partially cystic with hemorrhagic areas, 
and had gray‑white and yellow tissue evident at the cut 
surface (Fig.  2). Pathological examination, in which the 
tissue sample was fixed in 10% neutral buffered formalin 
for 24 h at room temperature, 3‑µm sections were cut from 
formalin‑fixed paraffin‑embedded tissue blocks, and stained 
with hematoxylin‑eosin, which identified a number of solid, 
tubular and cystic architectures, with areas of hyalinization, 
hemorrhage and necrosis. Tubular glands containing an 
eosinophilic substance were closely packed and outlined by 

a well‑defined basement membrane. The tubules were lined 
with low cuboidal epithelial cells containing uniform round 
nuclei with mild atypia (Fig. 3). The tumor was comprised of 
epithelioid and spindle cells growing in a mixture of cribri-
form, trabecular or solid patterns (11). Neoplastic cells were 
also identified in ascites and implants on the left ovarian 
surface. Sections (3‑µm thick) were cut from formalin‑fixed 
paraffin‑embedded tissue blocks. Immunohistochemistry 
was performed for calretinin, CK7, CK20, c‑kit, epithelial 
membrane antigen, ER, inhibin, PR, and vimentin using 
Bench Mark XT (Ventana Medical Systems, Inc., Tucson, 
AZ, USA) autostainer. Slides were blocked using the Endog-
enous Biotin Blocking kit (cat. no. 760‑050; Ventana Medical 
Systems, Inc.) for 20 min, Antibodies that were used for this 
analysis, including the catalog number, dilution and supplier 
details, the length and temperature of any incubation steps 
are presented in Table I. Slides were subsequently incubated 
with a pre‑diluted Discovery Universal secondary antibody 
cocktail (cat. no. 760‑4205; Ventana Medical Systems, Inc.) 
for 32 min.

Immunohistochemical analysis demonstrated that tumor 
cells were positive for CK7, vimentin, inhibin and calretinin, 
and negative for CK20, epithelial membrane antigen and 
ER/PR. The patient was diagnosed with FATWO and followed 
up with a CT of the abdomen and pelvis every 6 months.

In July 2014, a CT scan of the abdomen and pelvis revealed 
multiple peritoneal implants. A total abdominal hysterectomy, 
a right SO and extirpation of the disseminated tumors were 
performed, but did not achieve complete debulking. Upon 
pathological examination, the implant tumor cells exhibited 
irregular nuclei and clear nucleoli, and were closely prolifer-
ated to form irregular glands. Furthermore, the mitotic rate 
was higher compared with that at the time of primary tumor 
diagnosis in February 2013. At 6 weeks following the second 
surgical intervention, a CT scan identified an increase in 
disseminated tumors in the left side of the Douglas pouch, 
the right para‑colic gutter and the hepatorenal fossa. These 
tumor cells were immunoreactive for KIT (Fig. 4). Sequencing 
analysis of exons 9, 11, 13 and 17 of the c‑kit gene, and exons  
12 and 18 of the platelet‑derived growth factor receptor 
(PDGFR) gene (12,13) did not yield any mutational alterations. 

Figure 1. T2‑weighted image of magnetic resonance imaging identifying a 
well‑defined, ovoid mass with a mixture of low‑ and high‑intensity signals 
(arrowheads) residing in regions separate to the ovaries. 
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For the sequencing analyses, genomic DNA was extracted 
from 10 µm thick, formalin‑fixed, paraffin‑embedded tissues 
following deparaffinization. A polymerase chain reaction 
(PCR) amplification of exons 9, 11, 13 and 17 of the c‑kit gene, 
and exons 12 and 18 of the platelet‑derived growth factor 
receptor (PDGFR) gene was performed using the primer 
sets for PCR as presented in Table  II. The PCR products 
were directly sequenced using an ABI PRISM 310 genetic 
analyzer (Applied Biosystems, Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol.

As there are limited options for treatment of this condition, 
400 mg (orally, once a day) imatinib mesylate (Glivec; Novartis 
Pharma K.K., Tokyo, Japan), a tyrosine kinase inhibitor with 
minimal side effects, was administered for 6 months. The 
Glivec treatment of the patient was approved by the Institu-
tional Review Board of University of the Ryukyus (Okinawa, 
Japan). Although the tumors were temporarily stabilized (for 
4 months), the disease became progressive. In June 2015, the 
patient underwent a further debulking surgery that did not 
achieve complete debulking. At 6 weeks following the third 

Table I. List of primary antibodies used.

		  Supplier and
Antibody	 Clone 	 catalogue no.	 Dilution	 Antigen retrieval	 Supplier details

Calretinin	 DAK	 Dako, M7245	 x80	 CC2, performed on	 Dako, North America, Inc.,
	 Calret1			   autostainer, 95˚C, 60 min	 Carpinteria, CA, USA
CK7	 RN7	 Novocastra, 	 x160	 CC1, performed on	 Leica Microsystems, Inc., 
		  NCL‑L‑CK7‑560		  autostainer, 95˚C, 60 min	 Buffalo Grove, IL, USA
CK20	 Ks20.8	 Leica, NCL‑L‑CK20	 x50	 CC1, performed on	 Leica Microsystems, Inc.,
				    autostainer, 95˚C, 60 min	 Buffalo Grove, IL, USA
c‑kit	 Rabbit	 Dako, A4502	 x400	 CC1, performed on	 Dako, North America, Inc.,
	 polyclonal			   autostainer, 95˚C, 60 min	 Carpinteria, CA, USA
EMA	 E29	 Dako, M0613	 x100	 None	 Dako, North America, Inc.,
					     Carpinteria, CA, USA 
ER	 SP1	 Ventana, 790‑4324	 Pre‑diluted	 CC1, performed on	 Roche Diagnostics, Basel, 
				    autostainer, 95˚C, 60 min	 Switzerland
Inhibin	 R1	 Serotec, MCA951S	 x50	 CC1, performed on	 Funakoshi, Co., Ltd.,
				    autostainer, 95˚C, 60 min 	 Tokyo, Japan
PR	 1E2	 Ventana, 790‑2223	 Pre‑diluted	 CC1, performed on	 Roche Diagnostics, Basel,
				    autostainer, 95˚C, 60 min	 Switzerland 
Vimentin	 V9	 Ventana, 790‑2917	 Pre‑diluted	 CC1, performed on	 Roche Diagnostics, Basel,
				    autostainer, 95˚C, 60 min	 Switzerland

CC1: Antigen retrieval solution (Ventana Medical Systems, Inc., Tucson, AZ, USA; prediluted; pH 8.5). CC2: Antigen retrieval solution 
(Ventana; prediluted; pH 6.0). CK, cytokeratin; EMA, epithelial membrane antigen; ER, estrogen receptor; PR, progesterone receptor.

Table II. Primer sequence and fragment length for the exons of c‑kit and PDGFRs gene.

Gene	 Exon	 Primer sequence 	 Fragment length (bp)

c‑kit	   9	 F, 5'‑ATGCTCTGCTTCTGTACTGCC‑3' 	 256
		  R, 5'‑CAGAGCCTAAACATCCCTTA‑3'
	 11	 F, 5'‑CCAGAGTGCTCTAATGACTG‑3'	 235
		  R, 5'‑ACCCAAAAAGGTGACATGGA‑3'
	 13	 F, 5'‑TGCTCAAGCGTAAGTTCCTG‑3'	 335
		  R, 5'‑GCAAGAGAGAACAACAGTCTGG‑3'
	 17	 F, 5'‑TGAACATCATTCAAGGCGTA‑3'	 327
		  R, 5'‑GCAGGACTGTCAAGCAGAGA‑3'
PDGFR	 12	 F, 5'‑CCAGTTACCTGTCCTGGTCAT‑3'	 183
		  R, 5'‑GGAGGTTACCCCATGGAACT‑3'
	 18	 F, 5'‑AGTGTGTCCACCGTGATCTG‑3'	 146
		  R, 5'‑GTGTGGGAAGTGTGGACGTA‑3'

PDGFR, platelet‑derived growth factor receptor; bp, base pair.
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surgical intervention, a CT scan identified an increase in the 
disseminated tumors in the left side of the Douglas pouch, the 
right para‑colic gutter and the hepatorenal fossa (Fig. 5A). The 
patient was administered a combination chemotherapy of pacli-
taxel (180 mg/m2) and carboplatin (area under the curve, 5), 
every 3 weeks. This regimen resulted in a partial response 
after 6 cycles. With further cycles, the tumors continued to 
decrease in size, and the tumors in the left side of the Douglas 
pouch and the right para‑colic gutter were no longer detectable 
after 10 cycles (Fig. 5B). During June, 2016, the patient was 
undergoing combination chemotherapy treatment.

Discussion

The current study reports the case of a patient with recurrent 
FATWO who was treated with debulking surgeries, imatinib 
mesylate and paclitaxel/carboplatin combination chemo-
therapy. Tubal malignancy was suspected prior to the primary 
surgery. However, pathological and immunohistochemical 
analysis subsequently identified the lesion to be a FATWO. 
Following conservative surgery, chemotherapy and radiation 
therapy was not administered and the patient was scheduled 
for clinical follow‑up. Although the majority of FATWO cases 
are benign, the literature has established that certain tumors 
have the potential to recur and metastasize. Metastasis and 
recurrence has been established to occur in 11‑20% of cases 
and may present within 2 years (4,8‑10). The most frequent 
sites of metastasis observed in cases with FATWO are the liver 
and the lungs (1,6). In the present patient, the tumor recurred 
in the form of peritoneal dissemination within 1.5 years of 
completion of the first treatment. In previous studies, the 
median recurrence time was reported as 48 months, with a 
range of 13‑96 months, and in certain cases, tumors recurred 
after extended intervals following diagnosis (4,9). To the best 
of our knowledge, there are no histological characteristics or 
biomarkers that associate with tumor outcomes in patients 
with FATWO.

The treatment options for FATWO tumors remain poorly 
characterized, as they are rarely reported. However, the 
therapy with the highest efficacy appears to be complete 
surgical resection, including a hysterectomy and bilateral 
adnexectomy  (4,8‑10). The majority of recurrent tumors 
have developed in patients that were initially treated with 

Figure 4. Disseminated tumor demonstrating moderate to weak membrane 
and cytoplasmic KIT oncogene brown staining in contrast to the absence of 
staining in the adjacent normal stroma (x400 magnification).

Figure 2. Macroscopic characteristics of the patient's tumor, which had an uneven surface, weighed 175 g and measured 7x6 cm. (A) The tumor was partially 
cystic with hemorrhagic areas, with gray‑white and yellow tissue visible on the cut surface. (B) The area of the tumor (red line) and the area that is the left 
tubal fimbria (yellow line).

Figure 3. H&E staining (x200 magnification) demonstrating solid, tubular 
and cystic architectures. Tubular glands containing an eosinophilic substance 
were closely packed and outlined by well‑defined basement membranes. 
Tubules were lined with low cuboidal epithelial cells containing uniform 
round nuclei with mild atypia. H&E, hematoxylin and eosin.
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tumor resection alone (9). The role of adjuvant chemotherapy 
or radiation therapy in the treatment of FATWO remains 
controversial. Therefore, there are limited options for the 
treatment of recurrent and metastatic disease (6).

For recurrent and metastatic FATWO, molecular‑targeted 
therapy, such as the use of tyrosine kinase inhibitors, may be 
a potential treatment option. KIT immunoreactivity has been 
identified in three cases with FATWO. c‑kit gene analysis 
was performed in 2/3 of these cases and no mutations were 
detected by polymerase chain reaction analysis (14‑16), as 
was found in the current study. A Japanese study reported 
a FATWO case in which the tumor tissues were positive 
for KIT, as determined using immunohistochemical stain, 
but in which there were no mutations found in exons 9 or 
11 of the c‑kit gene, suggesting the potential of molecular 
therapy targeted to KIT (14). A study by Steed et al  (15) 
demonstrated that following initial chemotherapy failure, 
imatinib mesylate therapy was effective at reducing tumor 
recurrence size in a patient after 12 weeks of therapy, and 
the patient achieved complete remission after 10 months of 
follow‑up. This previous study detected positive KIT immu-
nostaining in the patient's recurrent lesions, however, c‑kit 
gene analysis was not performed (15). Tumor cells from a 
patient reported by Syriac et al (16) were immunoreactive 
for KIT, whereas exons 9, 11, 13 and 17 of the c‑kit gene, 
and exons 12 and 18 of the PDGFR gene were not mutated. 
Despite insufficient previous studies investigating the effect 
of imatinib mesylate on FATWO tumors, this targeted 
molecular therapy was administered in this case of recur-
rent KIT‑positive FATWO for 6 months and follow‑up was 
performed at 6‑month intervals. However, the patient's prog-
nosis was not reported in this study (16). In the present study 
of a patient with recurrent KIT‑positive protein FATWO, the 
tumors were temporarily stabilized for 4 months until the 

disease became progressive. To determine the effectiveness 
of this therapeutic option, further study is required from 
multi‑center studies.

A number of chemotherapy regimens, including cispl-
atin/cyclophosphamide, etoposide/ifosfamide/carboplatin, 
cisplatin/paclitaxel, carboplatin/paclitaxel with leuprolide, 
and irinotecan alone, have been used to treat recurrent and 
metastatic FATWO (4,15,17). However, only paclitaxel used 
in combination with cisplatin induced temporary stabiliza-
tion of the disease (17). To the best of our knowledge, the 
current study is the first report of carboplatin and paclitaxel 
combination therapy yielding a marked response in recurrent 
FATWO following the failure of imatinib treatment. However, 
the patient must continue be monitored through follow‑up 
examinations.

In conclusion, as there are a small number of reported 
recurrent and metastatic FATWO cases, there is a distinct 
lack of evidence to validate treatment recommendations, and 
prospective clinical trials are difficult. Surgical debulking is 
the most effective treatment when it is possible. The precise 
role of chemotherapy, radiotherapy and molecular‑targeting 
therapy in treating FATWO remains to be elucidated. There-
fore, novel strategies to overcome recurrent and metastatic 
FATWO are required.
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