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ARTICLE INFO ABSTRACT

Keywords: Ovarian sarcomas account for 1% of all ovarian malignancies and amongst these, primary ovarian leiomyo-
Ovarian leiomyosarcoma sarcoma is the rarest subtype. Primary ovarian leiomyosarcoma has a very poor prognosis, with less than 20% of
Ovary patients being alive at 5 years. Only a few cases have been published in the literature and there is very limited
i?;cg::,l:is knowledge on the clinical behaviour and optimal management of these tumours. We have performed a retro-
Treatment spective analysis of a prospectively maintained database to identify all primary ovarian leiomyosarcoma diag-
Chemotherapy nosed and treated at the Royal Marsden NHS Foundation Trust between 1998 and 2020. Sixteen patients were

identified from our database and fifteen were eligible for the analysis. Twelve patients presented with localized
disease and underwent initial surgery and three patients had metastatic disease at presentation. Recurrence-free
survival post-surgery was 16 months. Eight patients received first-line chemotherapy and four patients received
second-line chemotherapy. Two patients had indolent metastatic disease and benefited from local therapies only.
The median overall survival in the metastatic setting in our cohort was 51 months, which is consistent with
previously published cases. Primary ovarian leiomyosarcoma is an extremely rare malignancy with a poor
prognosis. This study is the largest case series of primary ovarian leiomyosarcoma published to date, providing
clinically important information regarding survival and metastatic rate as well as treatment outcomes in the
metastatic setting.

1. Background

Primary ovarian leiomyosarcoma is a very rare form of malignancy
which mainly occurs in women aged 45-60 years (Nazneen, et al., 2016;
Pankaj et al., 2013; Goodalla et al., 2011; Arslan, 2011; Meng, 2016;
Monk et al., 1993). Ovarian smooth muscle tumors represent 1% of all
ovarian malignancies and ovarian leiomyosarcoma accounts approxi-
mately for 0.1% of all ovarian malignancies (Goodalla et al., 2011;
Taskin, 2007). Other sarcoma subtypes originating in the ovary include
rhabdomyosarcomas, fibrosarcomas and stromal cell sarcomas

(Goodalla et al., 2011). It is believed that these tumours arise from the
malignant degeneration of smooth muscle present in the ovary, origi-
nating in the blood vessels, ovarian ligaments or the ovarian mesen-
chyme (Friedman and Mazur, 1991; Kurian et al., 2005).

The initial symptoms are vague and can include lower abdominal
pain, altered bowel and bladder habit, vaginal bleeding. Some patients
present with bilateral hydronephrosis and incontinence (Pankaj et al.,
2013; Goodalla et al., 2011; Inoue et al., 2000). The tumour marker CA-
125 is usually within normal values or mildly increased (Rasmussen,
1997; Tanaka et al., 2018; Kaur, 2014). The International Federation of
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Gynecology and Obstetrics (FIGO) classification and TNM Classification
staging system are utilized to determine the appropriate management
(Arslan, 2011; Tanaka et al., 2018; Furutake et al., 2017). The stage and
the size of the tumour and the mitotic index impact the prognosis
(Pankaj et al., 2013; Bouie, 2005), however, as in other gynecological
sarcomas, primary ovarian leiomyosarcoma are not routinely graded.
Histologically, primary ovarian leiomyosarcoma is diagnosed based
on the presence of eosinophilic spindle-shaped cells with enlarged,
variably pleomorphic nuclei, arranged in intersecting fascicles or sheets
(Pankaj et al., 2013; Furutake et al., 2017; Kumar Vijaya et al., 2015;
Bodner et al., 2003). The nuclei have blunted, or truncated ends and the
cells have a dense cytoplasm. Other histological features are cellular
atypia, presence of coagulative necrosis and increased, often atypical,
mitoses (Friedman and Mazur, 1991). On immunohistochemistry, the
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tumours are diffusely strongly positive for desmin, smooth muscle actin
(SMA), h-caldesmon, and sometimes bcl-2 (Pankaj et al., 2013; Tanaka
et al., 2018; Furutake et al., 2017; Bouie, 2005; Kumar Vijaya et al.,
2015; Bodner et al., 2003; Lerwill et al., 2004). It also expresses estrogen
and progesterone receptors (Bouie, 2005).

Due to their rarity, there is very limited knowledge on the clinical
behaviour and optimal management of these tumours. This study aims
to provide a benchmark to guide clinical practice and future research.

2. Ethics approval and consent to participate
Institutional approval for use of the data was sought through the

service evaluation that was approved (SE 934, date 24/05/2020) by the
Royal Marsden Institutional Review Board. Because this was a

Table 1
Patients characteristics at diagnosis and outcomes of first line metastatic systemic therapy in ovarian leiomyosarcoma.

Patient  FIGO stage  Treatment at Relapse-free survival 1st line metastatic Best response Progression-free Status at Overall
at diagnosis (months) from surgery or chemotherapy survival of first data-cut survival or
diagnosis adjuvant chemotherapy to line of systemic time to last

disease recurrence or last therapy (months) follow-up if
follow-up alive (months)

1 IVB TAH + BSO followed N/A ifosfamide- Partial 12 Dead of 25

by palliative doxorubicin x 8 response (60% disease
chemotherapy cycles reduction by
RECIST 1.1)

2 1A TAH + BSO No recurrence at 15 no systemic therapy N/A Lost to 15

months received follow-up

3 1A TAH + BSO 14 doxorubicin x6 Unknown Dead of 51

cycles (at the local disease
hospital - no
information on
outcome)
4 1A TAH + BSO 31 gemcitabine- Partial 8 Dead of 77
docetaxel x6 cycles response (31% disease
reduction by
RECIST 1.1)
5 IVB Palliative N/A doxorubicin x6 Stable disease 11 Dead of 18
chemotherapy cycles (19% disease
reduction by
RECIST 1.1)
6 1A RSO 16 no systemic therapy N/A Alive with 98
received evidence of
disease

7 1A TAH + BSO 15 gemcitabine- Stable disease 7 Dead of 56

docetaxel x6 cycles disease

8 1A TAH + BSO 3 carboplatin- Stable disease 4 Dead of 22

gemcitabine x5 disease
cycles

9 1A LSO No recurrence at 8 months  no systemic therapy N/A N/A Alive with 8

received no evidence
of disease
10 1B BSO followed by 5 11 doxorubicin N/A Lost to 12
cycles Gemcitabine- follow-up
Docetaxel adjuvant
chemotherapy

11 IVB No treatment due to N/A no systemic therapy N/A Dead of 2
poor performance received disease
status at diagnosis

12 1A BSO 40 no systemic therapy N/A Alive with 47

received evidence of
disease

13 1A LSO No recurrence at 15 no systemic therapy N/A Alive with 15

months received no evidence
of disease

14 1B TAH + BSO No recurrence at 13 no systemic therapy N/A Alive with 13

months received no evidence
of disease

15 II1A2 TAH + BSO followed 7 epirubicin- stable disease Alive with 11

by 1 cycle of adjuvant carboplatin x4 cycles evidence of
gemcitabine- disease
docetaxel

chemotherapy

TAH-BSO total abdominal hysterectomy and bilateral salpingo-oophorectomy; RSO right salpingo-oophorectomy; LSO left salpingo-oophorectomy.
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retrospective study, written informed consent was not obtained from the
subjects. At Royal Marsden Hospital, for retrospective clinical studies
such as case reports and treatment effects, we confirm with patients the
consent for comprehensive clinical studies. All participants in this study
agree on its comprehensive research participation.

3. Patients and methods

We performed a retrospective search of the prospectively maintained
Royal Marsden Hospital Sarcoma Database and identified all women
diagnosed with primary ovarian leiomyosarcoma between January
1998 and March 2020. The diagnosis of primary ovarian leiomyo-
sarcoma was confirmed by two experienced sarcoma specialist histo-
pathologists (KT, CF). Following surgery for localised disease (FIGO
stages I-III), surveillance with computed tomography (CT) scan of the
chest, abdomen and pelvis, was performed every 3 months for the first 2
years, and then every 6 months up to 5 years and then annually for a
total of 10 years. For patients treated with palliative chemotherapy,
restaging was performed following every 2-3 cycles. Response evalua-
tion criteria in solid tumors 1.1 (RECIST 1.1) was used to assess response
to therapy. Descriptive statistical analysis was performed using Statis-
tical Product and Service Solutions (SPSS) software. Survival was esti-
mated using Kaplan Meier curves. Data-cut for the analysis was 04/05/
2020.

Our institution is a tertiary sarcoma center, with expertise in diag-
nosis and treatment of leiomyosarcomas. Herein we present our
approach to management of ovarian leiomyosarcomas at diagnosis and
at relapse.

4. Results

Patient demographics and tumour characteristics (Table 1)

Sixteen women with a diagnosis of ovarian leiomyosarcoma were
identified from our database, with one excluded as she was referred for a
second opinion only. Of the 15 patients analyzed, the median age at
diagnosis was 56 years (range 30-76). In the same period of time, 1958
patients with leiomyosarcoma were diagnosed and treated in our insti-
tution, meaning that ovarian leiomyosarcoma represented 0.8% of all
leiomyosarcoma tumours in our hospital.

The ovarian masses were unilateral in 14 patients and bilateral in one
patient (Patient 14). This patient had multifocal disease, with both
ovaries involved and the uterus, but no other distant disease. Although
there was relatively little atypia, there were enough features to warrant
diagnosis of leiomyosarcoma in all 3 areas. It remains unclear as to
whether the ovarian neoplasm represents metastases from the uterine
neoplasm, or it represents synchronous malignant disease. Twelve pa-
tients (80%) had localized disease at diagnosis: FIGO stage IA in 9 pa-
tients, IIB in 2 patients and IIIA2 in one patient. Other three patients
(20%) had metastatic disease at presentation, corresponding to stage
IVB FIGO. Median tumour size at diagnosis, based on the largest diam-
eter, was 20 cm (range 6 — 26 cm). Only 3 patients in our cohort had a
CA125 test performed at baseline and all values were within normal
limits.

4.1. Treatment of localized disease (FIGO stages I-IIIA)

Surgery of the primary tumour was performed in all 12 patients
presenting with localized disease as shown in Table 1. Only two patients
(patients 10 and 15) received adjuvant chemotherapy with gemcitabine-
docetaxel. One woman was treated with 5 cycles of adjuvant
gemcitabine-docetaxel. Another woman withdrew consent after one
cycle of adjuvant chemotherapy. The median relapse-free survival post-
surgery in this group of localized disease was 16 months (95% CI 13.4 —
18.5), with four patients remaining relapse-free at their last follow-up.
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4.2. Treatment of relapsed or metastatic disease (FIGO stage IVB)

In our cohort of fifteen patients, three women had metastatic disease
at initial diagnosis and eight other women developed metastatic relapse
after initially being treated for localised cancer. The treatment of these
eleven patients was determined by their disease burden. The most
common sites of metastatic relapse were lungs, liver, bones and adrenal
glands. One patient with advanced cancer at diagnosis did not receive
any treatment due to poor performance status and died within 2 months
of presentation (Patient 11).

For two patients, palliative surgery was offered for low volume
metastatic disease (Patients 6 and 12). Neither of these two patients
have received any form of systemic therapy, and at the time of data-cut,
they were still under surveillance with no macroscopic or low volume
metastatic disease.

First-line palliative chemotherapy was offered to eight patients with
metastatic ovarian leiomyosarcoma. Doxorubicin alone or in combina-
tion with ifosfamide as first-line palliative chemotherapy was adminis-
tered in four out of eight patients. One woman (Patient 1) had 60%
reduction in her disease, after receiving eight cycles of ifosfamide-
doxorubicin, by RECIST 1.1. First-line gemcitabine plus docetaxel (six
cycles) was given in two cases (Patients 4 and 7), with one partial
response seen in Patient 4 (31% tumoral reduction by RECIST).

Two patients, Patients 8 and 15, presented with two different biopsy-
proven malignancies and received platinum-based regimens as first-line
treatment, with the best response being stable disease. Patient 8 had a
metastatic leiomyosarcoma of the ovary and a primary lung cancer,
therefore, she received carboplatin-gemcitabine as first-line therapy.
Patient 15 was treated with epirubicin-carboplatin as she had a
concomitant head and neck squamous cell carcinoma alongside with her
metastatic ovarian leiomyosarcoma. Her sarcoma remained stable after
4 cycles of treatment received to date. Both these patients underwent
resection of their second malignancy. It is possible that the high inci-
dence (2 out of 15 patients) of a second cancer in our cohort of ultra-rare
cancers is due to the close radiological surveillance, although a familial
predisposition could not be excluded. The median duration from the
start of first-line palliative chemotherapy to progressive disease in all
patients was 8 months (range 4-12).

Second-line chemotherapy was given to 4 patients and included
trabectedin, doxorubicin and pazopanib. The best response in this group
was stable disease. The median duration from the start of second-line
systemic therapy to progressive disease was 7.5 months (range 3-11).
Third- and fourth-line systemic chemotherapy was given in 4 and 3
patients, respectively. Regimens contained single agent ifosfamide,
doxorubicin, trabectedin, dacarbazine or cyclophosphamide. The best
radiological response for third- and fourth-line treatment was stable
disease.

Two women (Patients 4 and 5) have received radiation with pallia-
tive intent for symptomatic bone deposits. However, radiotherapy did
not offer any local disease control for these two patients. Although most
of these tumours expressed oestrogen or progesterone receptors, none of
our patients received endocrine therapy for their cancer, mainly due to
lack of published evidence or aggressive behavior necessitating treat-
ment with chemotherapy.

4.3. Overall survival

At the time of the analysis, seven patients have died of their disease.
The median follow-up for our cohort was 18 months (range 2-98). The
median survival rates were lower for the group of patients with meta-
static disease at presentation (FIGO stage IV) with a median overall
survival of 18 months (95%CI 0.0 — 43.6), compared to the patients with
localized disease at diagnosis (FIGO stages I-IIIA) where median overall
survival was 56 months (95% CI 45.5-66.4), p = 0.004, hazard ratio for
localized disease = 0.75 (95%CI 0.0-0.7) (Fig. 1). The estimated median
overall survival for the 11 patients with metastatic disease in our study
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Fig. 1. Median overall survival for all patients with primary ovarian leiomyosarcoma. Metastatic corresponds to stage IV FIGO, whereas localized is stage I-III FIGO.

was 51 months (95%CI 0.0-113.5). Subgroup analysis was not possible
due to low number of patients.

5. Discussion

Primary ovarian leiomyosarcomas are a very rare sarcoma subtype,
accounting for 0.8% of all leiomyosarcomas in our database and have
limited treatment options in the metastatic setting. The prognosis of this
cancer is poor, with reported 5-year survival rates less than 20%
(Anderson et al., 1987; Dai, 2011). Furutake and colleagues have
analyzed the survival data of 56 cases reported in the literature. The
median overall survival was 48 months and 40% of these patients died
within 24 months. The median survival was 14 months for stage III/IV
FIGO and 18 months for stage I FIGO, compared to 63 months for stage I
FIGO (Furutake et al., 2017).

In our study, only 4 patients (26%) were recurrence-free at the time
of data-cut analysis. However, as the surveillance period was short
(8-15 months), it is possible that these patients would eventually relapse
during their follow-up period. Other 2 patients with metastatic disease
(13%) had indolent low volume disease, having been managed with a
combination of active surveillance and local therapies. This suggests
that some patients with metastatic primary ovarian leiomyosarcomas
can have an indolent clinical course, and systemic therapy can be kept in
reserve. This is supported by the fact that the median overall survival for
all patients with metastatic disease in our series was 51 months. The
overall survival within our cohort is consistent with previously pub-
lished cases (Pankaj et al., 2013; Goodalla et al., 2011; Arslan, 2011;
Meng, 2016; Monk et al., 1993; Rasmussen, 1997; Nazneen, et al., 2016;
Taskin, 2007; Friedman and Mazur, 1991; Kurian et al., 2005; Inoue
et al., 2000; Tanaka et al., 2018; Kaur, 2014; Furutake et al., 2017;
Bouie, 2005; Kumar Vijaya et al., 2015; Bodner et al., 2003; Lerwill
et al., 2004; Dixit, 1993; Brahima, 2017; Hensley et al., 2014).

The recommended initial treatment for primary ovarian leiomyo-
sarcoma is complete resection (Dixit, 1993; Brahima, 2017). The Gy-
necological cancer InterGroup (GCIG) consensus review on uterine and
ovarian leiomyosarcoma published in 2014 proposes total hysterectomy
(TAH) and bilateral salpingo-oophorectomy (BSO) as initial surgical
approach for ovarian leiomyosarcoma (Hensley et al., 2014). There is no
proven benefit for adjuvant chemotherapy (Monk et al., 1993; Ras-
mussen, 1997; Taskin, 2007; Tanaka et al., 2018; Furutake et al., 2017;

Kumar Vijaya et al., 2015; Bodner et al., 2003). Surgery should be fol-
lowed by close surveillance for 10 years. The majority of patients will
have local or distant relapse within the first two years. In the metastatic
setting, our data, as well as retrospective case reports, suggest that
prolonged tumour control can be obtained with chemotherapy, surgery,
radiotherapy or radiofrequency ablation in some women with bone,
liver or lung metastases (Rasmussen, 1997; Furutake et al., 2017).
Palliative chemotherapy used for other soft tissue sarcomas has shown
some benefit in metastatic leiomyosarcoma, most commonly used reg-
imens containing doxorubicin +/- ifosfamide, gemcitabine-docetaxel,
trabectedin and platinum salts.

The response rate and time to progression for patients treated with
palliative systemic therapy are broadly similar to metastatic leiomyo-
sarcoma arising from other anatomic locations, despite the clear limi-
tations of such a comparison. Our study suggests that patients with
metastatic primary ovarian leiomyosarcoma requiring systemic therapy
should be treated with a similar algorithm to other leiomyosarcomas
(Bathan et al., 2013).

To our knowledge, this is the largest case series of primary ovarian
leiomyosarcomas published to date, providing important information
regarding the high metastatic rate of this tumour and treatment out-
comes in the metastatic setting. The limitations of this study include a
low number of patients and the retrospective descriptive analyses.
Further collaborative work with other specialist gynecological and sar-
coma centers is required to improve the outcome of patients with this
very rare disease.
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