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A unique case of extra-ovarian sex-cord stromal fibrosarcoma, with subsequent relapse of differentiated sex-cord tumor.
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Abstract
Primary fibrosarcoma arising from ovarian sex-cord stromais a very rare neoplasm, with only a few reports in the literature. These tumors have been reported to express inhibin which allows their distinction from fibrosarcomas of soft tissue. Here, we report a case of a fibrosarcoma arising in the broad ligament. Despite being totally separate from the ovary the tumor was diagnosed as of sex cord stromal type on the basis of inhibin expression.  Furthermore, this patient suffered a recurrence of her tumor in the pelvis, which showed both the fibrosarcomatous, as well as other sex-cord elements, confirming the sex-cord stromal differentiation of the sarcoma. To our knowledge, this is the first case of a sex-cord stromal fibrosarcoma arising from an extra-ovarian site. Furthermore, this is also the first case of a recurrent fibrosarcoma, which showed re-differentiation of the tumor into other sex-cord components. 

Introduction
Ovarian sex-cord stromal tumors are relatively uncommon primary tumors of the ovary. Of these, the commonest subtype is ovarian fibroma, which often affects middle-aged women [1].In contrast, primary ovarian fibrosarcomas arising from sex-cord stroma is an extremely rare neoplasm, with only several reports and small series in the literature [2, 3]. Ovarian sex-cord fibrosarcomas are highly malignant, with many progressing to metastasis. There are rare reports of these tumors presenting with metastatic disease. In this situation, it has been reported that ovarian sex-cord origin may be distinguished from metastatic fibrosarcomas arising from other soft tissues by the expression of inhibin [4]. Unlike fibromas of the ovary in which a small subset have minor components of other sex-cord elements, fibrosarcomas are usually described as “pure” tumors. To our knowledge, there has only been one previous report of a fibrosarcoma of the ovary, arising from a fibrothecomatous tumor with other minor sex-cord elements [5]. Here, we report a unique case of a woman who was diagnosed with fibrosarcoma of ovarian sex-cord origin, but arising from the broad ligament. Moreover, this patient suffered a recurrence of her tumor in the pelvis, which showed both the fibrosarcomatous, as well as other sex-cord elements, confirming the sex-cord differentiation of the sarcoma, as well as illustrating the potential of re-differentiation of these tumors.

Case report
A 48 year old woman presented in 2011 with one month history of abdominal distension and discomfort. She had been amenorrheic for 9 months. Blood tests showed normal electrolytes and renal function, but slightly elevated liver enzymes. She was mildly anaemic, with leukocytosis and raised C-reactive protein level. She also had raised serum levels of CA-125 (911 U/l, reference range 0-35 U/l) and inhibin-B (8613 ng/l, reference range <341 ng/l). A CT scan was performed, which showed a large 15.9 x 12.2cm irregular septated and lobular mass in the pelvis posterior to and displacing the uterus, as well as large volume ascites. The right ovary was not identified radiologically, and the left ovary was normal. There were also possibly peritoneal and omental deposits seen. Ascites drainage was performed, and cytological examination showed neutrophils, lymphocytes, macrophages and reactive mesothelial cells only, with no malignant cells. A provisional diagnosis of a sex-cord stromal tumor was made, and the patient underwent primary ovarian debulking. 
Macroscopically, the right adnexal mass from 2011 was a large tan tumor which was multinodular, measuring 18.5 x 13 x 9 cm. The cut surface of the tumor was tan, solid and lobulated with areas of haemorrhage and focal myxoid appearance, but no definite necrosis. The tumor was located within the parametrial broad ligament. The fallopian tube and ovary were separate from the mass. The right ovary measured 5 x 2.5 x0.8 cm and appeared normal. There was a separate total hysterectomy and left salpingo-oophrectomy, as well as appendix, omentum, and biopsies from the peritoneum and pouch of Douglas.  Histologically, the large adnexal tumor was sampled at one block per centimeter of tumour, and sections of the tumor showed it is composed of spindle shaped cells arranged in sheets and intersecting fascicles (Figure 1A). The tumor showed variable cellularity with some hypocellular myxoid areas. The cells showed moderate to focally severe nuclear pleomorphism and the mitotic index was 24/10hpf (Figure 1B). Groups of cells with vacuolated cytoplasm were also present and appeared to show features of luteinisation (Figure 1C). Focal areas of necrosis were seen. On immunostaining, the tumor cells showed patchy positivity for inhibin (Figure 1D), WT-1, CD10, SMA, desmin, CD99, CD117 and MNF116 (very focally in luteinised areas only). The cells were negative for CK7, EMA, h-caldesmon, calretinin, S100 protein, ER and PgR. The morphology and immunophenotype were in keeping with fibrosarcoma. The expression of inhibin indicated that the tumor was of ovarian stromal origin. Both ovaries were free of tumor. Sections from the uterus, appendix, omentum and peritoneum likewise showed no involvement by tumor.
The patient was well following surgery with regular follow-up in the clinic every 3 months. In 2013, a routine CT scan showed new small volume deposits in the pelvis, paravaginal tissues and pre-sacral space. She underwent laparotomy and excisions of two pelvic masses and the paravaginal tissue, as well as a biopsy of the sacral mass.
Grossly, the specimens from 2013 comprised of two firm masses from the pelvis, measuring 3.5 x 3 x 2 cm and 4 x 3.5 x 2.5 cm, both with solid pale cut surfaces; a paravaginal cystic structure, measuring 1.5 x 1.5 x 0.5 cm, with central cyst containing serous fluid; and a sacral biopsy which was an irregular fibrous tissue measuring 0.7 x 0.3 cm in size. Histologically, the pelvic masses showed atypical spindle shaped cells arranged in intersecting fascicles, with prominent mitotic activity (Figure 2A and 2B). The cells expressed inhibin, WT-1, SMA (focal) and PgR, and were negative for h-caldesmon, calretinin and ER. The paravaginal mass showed a cyst, lined by cuboidal or columnar ciliated epithelial cells, which expressed MNF116, EMA, ER, PgR and WT-1. The cyst wall contained sheets of spindle shaped cells, as well as luteinised cells, tubular structures and cords of Leydig-like cells (Figure 2C and 2D). These cells expressed patchy inhibin, MNF116, WT-1, ER and PgR. Finally, the sacral biopsy showed a nodule of polygonal cells with finely vacuolated cytoplasm, with no notable cytological atypia or mitotic activity. The cells expressed focal MNF116 and PgR, and were negative for EMA, CD68, WT-1 and ER. Overall, the appearances of all three specimens were consistent with tumors with sex-cord stromal differentiation, with features of Sertoli-Leydig cell tumor in the paravaginal tissue, and fibrosarcoma-like tumor in the pelvic masses. The features were in keeping with recurrences of the original tumor from 2011, but with areas of sex-cord differentiation.
The patient has since remained well and continues on regular follow-up.

Discussion
	Ovarian fibromas, together with fibrothecomas, are the commonest sex-cord stromal tumor of the ovary, accounting for approximately 5% of all ovarian neoplasms [1]. In contrast, primary fibrosarcoma arising from ovarian sex-cord stroma are very rare. However, it is still the commonest primary sarcoma of the ovary [6]. Other primary sarcomas which may arise in the ovary include leiomyosarcomas, rhabdomyosarcomas, angiosarcomas and malignant peripheral nerve sheath tumors.
In this report, we present a unique case of an ovarian sex-cord stromal fibrosarcoma arising in an extra-ovarian location. To our knowledge, this is the first such case to be reported, although other sex-cord tumors have been reported to arise in the broad ligament, including fibrothecoma and granulosa cell tumor[7].  Although gross examination showed the tumor to be completely separate from the ovary, both ovaries were examined in total to exclude the presence of similar tumor within the ovaries. No fibrosarcomatous elements were identified in either ovary. Unlike ovarian type fibromas (including cellular fibromas), fibrosarcomas frequently relapse, with median disease free and overall survival durations of about 2 years [2, 3]. As such, a correct diagnosis of fibrosarcoma has vital treatment and prognosis implications. Histologically, cellular fibromas, characterised by increased cellularity with a fascicular growth pattern, can be challenging to distinguish from fibrosarcomas. In addition, the criteria for diagnosis of malignancy have changed in recent years. Previously, following a report by Prat and Scully [2], it was suggested that a mitotic index of >=4 per 10 high powered fields were sufficient for a diagnosis of fibrosarcoma. The degree of cytological atypia was found to be higher in fibrosarcomas compared with cellular fibromas, but was proposed to be less helpful in distinguishing the two entities. More recently, it was felt that increased mitotic activity may be seen in benign fibromas and cellular fibromas. More emphasis was placed on nuclear pleomorphism and cytological atypia, regardless of mitotic activity [8]. In our case, the tumor fulfilled the criteria for fibrosarcoma, both in terms of mitotic activity and cytological criteria.
[bookmark: _GoBack]Further characterisation of the immunophenotype of the tumor was performed to exclude the possibility of other types of tumors which may show similar morphological features. One differential diagnosis was that of female adnexal tumor of Wolffian origin (FATWO). These tumors commonly arise in the adnexal regions. Histologically, they often contain epithelioid cells arranged as tubules or cysts, but solid tumors with spindled cells have been described [9]. Most cases of FATWO are benign, but malignant tumors which recurred or metastasized have been reported, exhibiting cellular atypia and increased mitotic activity [10]. Since these tumors share similar immunophenotype with sex-cord stromal tumors (such as cytokeratins and inhibin positivity [7]), distinguishing ovarian fibrosarcoma from FATWO may be difficult histologically. In our case, FATWO was thought unlikely as FATWO tends to be diffusely positive for pancytokeratins, unlike our case.  The diagnosis of our case was further established by the presence of differentiated sex-cord elements in the recurrence in 2013.
On confirming the diagnosis of fibrosarcoma, it was also important to exclude the possibility that this was a fibrosarcoma of soft tissue, which had either metastasized or developed de novo in the broad ligament. Expression of inhibin confirmed that the tumor was fibrosarcoma of the sex-cord stromal type rather than a soft tissue type fibrosarcoma [4]. Inhibin is a peptide hormone which is normally produced by the sex-cord stroma, particularly ovarian granulosa cells. It had been shown to be a good marker of ovarian sex-cord stromal tumors [4]. In our case, again further confirmation of the sex-cord origin of the fibrosarcoma was the presence of differentiated sex-cord elements along with the fibrosarcomatous component in the subsequent recurrence. Although fibromas are recognised in a significant proportion to have other sex-cord elements, such as granulosa cells, Sertoli cells and steroid-hormone producing cells, fibrosarcomas are often “pure” tumors [2, 3]. There has only been one previous confirmed report of ovarian fibrosarcoma developing within a fibrothecoma, with other sex-cord elements also seen [5]. There were 2 other cases of “mitotically active” cellular fibromas which also had other sex-cord elements, but the criteria fell short of fibrosarcoma [8]. Our case is therefore the first report of a recurrent fibrosarcoma spontaneously redifferentiating into other sex-cord elements. While redifferentiation is a phenomenon which is well-recognised in other malignancies (such as germ cell tumors and thyroid carcinomas), this is almost always seen in the setting of post-chemotherapy or radiotherapy to the tumor [11]. There have been no other reported cases of redifferentiation of fibrosarcomas in the literature.
With regard to treatment options, in view of the rarity of the disease, no substantial evidence exists regarding the use of chemotherapy in the adjuvant setting upon complete resection of ovarian fibrosarcomas, and generally sex-cord stromal tumors. Surgical debulking at initial presentation, as well as in recurrent cases, wherever feasible, remains the standard first line approach [12]. Therefore, close surveillance was the recommended management on both occasions, on the initial presentation and the subsequent pelvic recurrence, 2 years later. The small numbers of trials demonstrating chemosensitivity in ovarian sex-cord stromal tumors are mostly retrospective and include a heterogeneous population of patients, making direct comparisons difficult. As expected, the majority of patients had granulosa cell histologies, and presented with either de novo advanced or recurrent disease after surgical excision. Common regimens used include platinum-based compounds [12]. The reported response rates ranged from 37-71%, whereas median overall survival ranged from 25-41 months. Long term survival has been reported, usually with granulosa cell tumors. In general, there is no strong literature evidence supporting the radiosensitivity of ovarian sex-cord stromal tumors, with the exception of granulosa cell tumors, and the use of radiotherapy should be restricted to clinical trials [12]. In contrast, soft tissue fibrosarcomas in adults are even rarer, due to new immunohistochemical and molecular techniques which result in many of “fibrosarcoma” being reclassified as other entities, such as synovial sarcomas. Older series of fibrosarcomas of soft tissue generally have favorable prognoses, with 5 year survivals of 41-76% and improved outcomes when surgery is combined with chemotherapy or radiotherapy [13]. Therefore distinguishing sex-cord stromal fibrosarcomas and soft tissue fibrosarcomas will have prognostic and therapeutic implications. Cytogenetically, fibrosarcomas of sex-cord stromal origin appears to have similarities to other sex-cord tumors, such as trisomy 12 [14], while fibrosarcomas of soft tissue have complex karyotypes, although superficial variants may be related to dermatofibrosarcoma protuberans, harboring the COL1A1-PDGFB gene fusion [15].
In summary, we present a case which is unique for several reasons. Firstly, to our knowledge, this is the first ever reported case of ovarian sex-cord type fibrosarcoma which has arisen in an extra-ovarian site. Secondly, this is only the second case of fibrosarcoma, with associated other “benign-appearing” sex-cord elements.  However, unlike the previous case, it was only following relapse that our patient showed both foci of fibrosarcomatous component and other sex-cord elements. This implies that the original tumor had re-differentiated from the sarcomatous component. It also confirms the sex-cord origin of the primary tumor. 
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Figure Legends
Figure 1: (A) Haematoxylin and eosin microphotograph of the adnexal mass resected in 2011 showing fascicular architecture (x100), (B) H & E microphotograph of the adnexal mass resected showing numerous mitotic figures (x400), (C) H & E microphotograph of the adnexal mass resected showing a nest of luteinised cells (x100), (D) Immunostaining of adnexal tumor showing positivity for inhibin (X200).

Figure 2: (A) H&E microphotograph of the pelvic lesion resected in 2013, showing similar features to the tumor in 2011 (X200), (B) Immunostaining of recurrent pelvic tumor showing positivity for inhibin (X200), (C) H&E microphotograph of paravaginal lesion, showing other sex-cord elements (X200), (D) Immunostaining of paravaginal metastasis showing positivity for inhibin (X200). 

