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Abstract

Objective—To evaluate novel hormonal therapies in patients with unresectable Benign
Metastasizing Leiomyoma (BML) disease.

Design—Case series.
Setting—National Institutes of Health (NIH).

Patients—o5 subjects with the diagnosis of BML based on imaging and/or histopathologic
diagnosis.

Interventions—Four patients were treated with single or combination therapy of Leuprolide
acetate and/or an aromatase inhibitor. One patient was treated with an antiprogestin (CDB-2914).

Main Outcome Measures—Response to therapy was measured by tumor burden on cross-
sectional imaging employing RECIST (Response Evaluation Criteria in Solid Tumours) 1.1
guidelines.

Results—Four patients treated with single or combination therapy of Leuprolide acetate and/or
an aromatase inhibitor demonstrated stable disease with reduction in tumor burden. The fifth
patient treated with antiprogestin (CDB-2914) had degeneration of her tumor, progression of its
size and an improvement in symptoms.

Conclusions—Hormonal treatment with GnRH agonism and/or aromatase inhibition may be a
therapeutic option to reduce tumor burden in unresectable BML disease or for those patients who
wish to avoid surgical intervention. RECIST 1.1 guidelines, while traditionally used to evaluate
tumor response to cancer therapeutics, may be useful in evaluating BML tumor burden response to
hormonal therapy.
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Introduction

Since Steiner first described benign metastasizing leiomyoma (BML) in 1939, there have
been over 150 cases documented in the literature (1). This rare disease is characterized by
well-differentiated smooth muscle tumors occurring outside the uterine corpus in women
who have a history of histologically benign leiomyomas. Most often these smooth muscle
tumors are seen in the lungs, but are also found in the lymph nodes, abdomen, deep soft
tissues, heart, bone and central nervous system (2). A majority of those afflicted are pre-
menopausal women, more than 50% presenting after the 3™ decade of life (3). Almost all
have had a history of uterine surgery, on average 10 years prior to presentation. Not
infrequently, diagnosis of BML has been found on routine imaging of an asymptomatic
patient, while some patients present with dyspnea and respiratory distress (4).

The pathogenesis of BML remains controversial and may overlap with other benign smooth
muscle neoplasms such as intravenous leiomyomatosis (I\VVL) and leiomyomatosis
peritonealis disseminata (LPD), which are characterized by macroscopic smooth muscle
tumorlets found intravenously and diffuse peritoneal and omental implants, respectively
(5,6). Three theories have been proposed regarding metastatic spread: metastatic uterine
leiomyoma with invasive implants, implantation of smooth muscle tumors by IVL or
mechanical means, and multifocal but independent proliferation of smooth muscle tissue (2).
Despite being associated with distant metastases, BML lesions are distinct from more
aggressive leiomyosarcomas, demonstrating low mitotic counts and lack of nuclear
pleomorphism, which are characteristic of benign leiomyomas. The cytogenetic profile of
BML lesions has been found in 3% of normal uterine leiomyomas, indicating that BML
arises from a minority of uterine leiomyomas that have metastatic potential (7). There is
convincing evidence that BML lesions are of uterine origin given that clonality analysis of
pulmonary lesions and uterine tissue has demonstrated an identical monoclonal X-
chromosome inactivation pattern (8). Furthermore, most BML lesions and uterine
leiomyomas express estrogen and progesterone receptors similar to uterine smooth muscle

(9).

While traditionally surgical resection of metastatic lesions was the mainstay of treatment
with variable long-term results, more recent management has revolved around surgical or
medical castration (10,11,12). Clinical evidence of hormonal influence is suggested by
reports of BML lesion regression during menopause (13) and following pregnancy (14,15).
Conversely disease progression has been observed in patients on hormone replacement
therapy (HRT) and oral contraceptives (16). Surprisingly, a growing number of reports
indicate that despite surgical castration, some lesions continue to progress, indicating that
hormonal therapy might be a vital adjunct or primary treatment of BML (3,17,18).

Materials and Methods

We present a case series of five patients diagnosed with BML who were treated at the
National Institutes of Health (NIH) between 2006 and 2012 with medical regimens,
including an aromatase inhibitor, GnRH agonist, CDB-2914, or a combination of these
medications. We report the response to therapy as measured by tumor burden on cross-
sectional imaging employing RECIST 1.1 guidelines. All leiomyomatous lesions (up to a
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maximum of 5 lesions total) were recorded in at least one dimension. Complete response
was defined as disappearance of target lesions, partial response was defined as at least a
30% decrease in the sum of diameters of target lesions, progressive disease was defined as at
least a 20% increase in the sum of diameters of target lesions, and stable disease was defined
as insufficient regression or increase in disease to qualify as “response” or “progression.”
(18)

In 2006, a 44 year-old nulligravid African-American female presented with lower extremity
edema, leg pain and renal failure eventually requiring bilateral nephrostomy tube placement.
At that time, she was found to have a large abdominal mass and new lung nodules on
imaging. Past surgical history was notable for a hysterectomy at age 32, secondary to a
symptomatic fibroid uterus. Histopathology of the CT-guided biopsy of the abdomino-pelvic
mass was estrogen and progesterone receptor positive and consistent with benign
leiomyoma. The patient was initially started on Raloxifene and Leuprolide (3.75 mg/4
weeks) with no decrease in tumor burden or symptoms over a 10-month period. Her therapy
was subsequently changed to Letrozole (2.5 mg/daily). Approximately 8 months later, the
patient underwent loop sigmoid colostomy for small bowel obstruction. At the time her
abdominal mass was unable to be resected due to proximity of external iliac vessels.
Subsequently, she had a series of uterine artery emoblizations performed but with continued
abdominal and leg pain. Given her persistent symptoms, she was started on a new regimen
of Leuprolide (3.75 mg/3 weeks) and Letrozole (1mg/daily) approximately 2 years after her
last hormonal treatment. While on this treatment her abdominal mass and lung nodules have
been stable by RECIST 1.1 criteria (9.2% decrease in total tumor burden size), and she has
had no new symptoms for the last two years.

In 2008, a 49 year-old Caucasian female presented with pelvic pain secondary to a palpable
abdominal mass and was found to have multiple pelvic lesions and subpleural pulmonary
nodules on imaging consistent with a diagnosis of BML. Her surgical history was notable
for an abdominal myomectomy at age 30, followed by two Caesarean sections, her last at
age 41, where incidental “abdominal studding” was noted on the operative report. One
month after diagnosis, she was started on Leuprolide (3.75 mg/3 weeks) and Anastrazole
(Img/daily). Three months later, repeat imaging showed decreased tumor burden.
Leuprolide acetate dose interval was increased to 3.75 mg/4 weeks and Anastrazole (1 mg/
daily) was continued. Approximately two months later, she developed disabling arthritis,
and following a consult with rheumatology, she discontinued Anastrazole and her
Leuprolide acetate regimen was changed to 11.25 mg/3 months. Repeat imaging two months
later showed a slight increase in mass size, therefore she was restarted on Anastrazole (1mg/
daily) and Leuprolide (3.75mg/3 weeks). Her large pelvic tumor has since demonstrated
interval decrease in mass size with a stable response by RECIST 1.1 (22.0% reduction in
size of overall disease), and she reports improved symptoms of pelvic pain. She has
continued on this hormonal regimen to date and although surgery has been recommended,
she strongly desires to continue with medical management.

In 2009, a 43 year-old Hispanic female with a long history of symptomatic uterine fibroids
was diagnosed with BML after new pulmonary nodules were found on CT scan. The

patient’s surgical history is notable for an abdominal myomectomy at age 37, uterine artery
embolization at age 39, and total abdominal hysterectomy at age 42 due to recurrent fibroid
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growth. Her surgical course was also complicated by two incidences of bowel obstruction
requiring surgical intervention. Upon her diagnosis of BML in 2009, she was started on
Leuprolide 3.75 mg/3 weeks. A follow-up visit three months later revealed improvement in
pelvic pain. Due to vasomotor symptoms from GnRH agonism, her regimen was
subsequently adjusted to Leuprolide (3.75 mg/monthly) and Norethindrone (0.35 mg/daily).
Over 13 months of therapy, disease burden has demonstrated radiographic evidence of a
stable response to therapy by RECIST 1.1, with overall reduction in tumor size by 20.4%.

In 2007, a 55 year-old Caucasian female presented to the ER with increasing shortness of
breath and near syncope and was found to have bilateral pulmonary emboli and discrete lung
nodules. Imaging revealed an inferior vena cava (IVC) and right atrial mass thought to be a
thrombus. Further work-up revealed a large abdomino-pelvic mass. Her surgical history
involved a myomectomy at age 42 for a symptomatic fibroid uterus. She subsequently
underwent resection of the intracardiac thrombus three months after presentation.
Histopathology of the mass revealed spindle cells with degeneration consistent with a
benign leiomyoma. Post-operatively she was started on Letrozole (5mg/daily) for two
months. The patient noted improvement of pelvic pressure symptoms and follow-up
radiographic studies revealed stable size of her abdominal mass by RECIST 1.1 (overall
tumor burden decrease of 3.6 %). Unfortunately, the patient was lost to follow-up after
treatment and subsequently stopped hormonal therapy. She returned to the NIH in 2012 and
she reported ongoing symptoms related to her I\VC mass.

In 2005, a 36 year-old Caucasian female with a known history of leiomyomatosis
peritonealis disseminata presented with shortness of breath and was found to have a pleural
effusion and pulmonary metastases consistent with a diagnosis of BML. Her prior surgical
history was notable for two hysteroscopic myomectomies in 1998 and 1999. In 2002 she had
an abdominal myomectomy where multiple omental and peritoneal metastases were found
with pathology consistent with benign leiomyoma. Following diagnosis of BML she was
treated with Leuprolide (3.75 mg/3 weeks) with resolution of her dyspnea and pleural
effusion. However, she had little improvement in pelvic tumor burden. In 2007 she
developed acute abdominal pain secondary to a bowel obstruction and she underwent
exploratory laparotomy and partial bowel resection. Postoperatively she was started on the
GnRH antagonist Ganirelix (250 g SQ/daily) with minimal response. Abdominal
hysterectomy and bilaterally salpingo-oophorectomy was offered to patient, but she declined
further surgical intervention. She subsequently received an investigational drug, selective
progesterone modulator (SPRM), CDB-2914, under compassionate exemption. Over three
months, the patient’s symptoms significantly improved. Radiographic imaging revealed
enlargement of her pelvic dominant mass but with marked degenerative changes. She
continued on CDB-2914 for approximately four more years with no new symptoms, but
repeat imaging demonstrated increasing size of the large pelvic mass (2.4 cm/annually)
without growth of other target lesions. Specifically analyzing her large pelvic mass by
RECIST 1.1 guidelines, her disease was progressive (tumor burden increase by 44.3%).
Uterine artery embolization was attempted, but without significant decrease in the size of
her pelvic mass. She underwent total abdominal hysterectomy, bilateral salpingo-
oophorectomy and a debulking procedure in 2012, following 5 years of CDB-2914
treatment. She is currently asymptomatic and has recovered fully.
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Discussion

The first hormonal treatments for BML were primarily offered to patients who refused
further surgical intervention or had unresectable masses. The use of hormonal therapy was
based on the hypothesis that BML lesions had hormonal receptors. The finding that many
lesions regressed following surgical castration, removal of exogenous estrogen, and
following pregnancy, supported this premise (20,21). In 1980, Cramer was the first to
demonstrate that high levels of estrogen receptors were present on metastatic leiomyoma
lesions (22). Since then, several case reports have analyzed BML lesions for hormone
receptor status. Of the 74 cases reviewed testing for estrogen receptors (ER), 93.2% were
positive, and of the 68 cases testing for progesterone receptors (PR), 89.7% were positive
(Figure 1). The vast majority of BML lesions are ER/PR receptor positive, explaining why
BML patients have responded to hormonal therapy in the past.

The first attempts at medical treatment with hormonal agents utilized progesterone, which
resulted in increased lesions as well as worsening symptoms (12,22). Since then,
progesterone therapy has resulted in varied responses, some with regression of disease and
symptomatic relief (4,23) (Table 1). Progesterone therapy might have been successful in
some patients due to its ability to suppress the hypothalamic-pituitary-gonadal axis and
reduce ovarian estrogen production (24). In addition, progesterone has been found to
increase rates of inactivation of estradiol by increasing conversion to estrone in endometrial
tissue (25) and decrease intracellular aromatase activity by up to 30% (26). The variance in
response to progesterone therapy might be explained by the finding that progesterone can
increase both Bcl-2, an apoptosis-inhibiting gene product, and tumor necrosis factor-a, a
cytokine that induces apoptosis (27). In one of our cases we utilized an experimental
selective progesterone receptor modulator (SPRM), CDB-2914 and found that despite
symptomatic relief, a dominant pelvic mass continued to grow, ultimately needing resection
(Case 5). Although it has been shown that CDB-2914 has demonstrated significant decrease
in leiomyoma size (28), perhaps there is something unique about BML lesions requiring
blockade of estrogen in addition to progesterone at the tumor site.

Given the finding that BML lesions grew in response to oral contraceptives and HRT, many
have attempted treatment with estrogen blockade. A growing body of evidence closely
relates estrogen with tumorigenesis and growth of leiomyomas (29). The first attempt at
estrogen blockade was made with Tamoxifen, a Selective Estrogen Receptor Modulator
(SERM), which resulted in disease progression (12). Some case reports indicate that
Tamoxifen provided symptomatic relief for BML patients, but very rarely did treatment
cause regression of tumor nodules (23,30). (Table 1) The reports of unsuccessful results with
Tamoxifen therapy can be attributed to its estrogen agonism on the myometrium (31), with
one case report demonstrating the ability of Tamoxifen to promote extrauterine leiomyoma
growth (32). Raloxifene, another SERM, which has a known estrogenic antagonist effect on
the breast and uterus, has shown greater success in treatment of BML (33). Furthermore
studies have shown that Raloxifene can induce apoptosis and reduce cell proliferation in
postmenopausal women with leiomyomas, whereas Raloxifene in premenopausal women
has had mixed effects (34). In one of the patients described in our series, GhnRH agonism
and Raloxifene treatment resulted in no improvement of BML lesions (Case 1). Given
reports of success with Raloxifene therapy, it might have a role in the treatment of BML in
postmenopausal women or those who have had a therapeutic oophorectomy.

GnRH agonism, resulting in medical castration, has been very effective in the treatment of
BML. The first reported case, by Hague in 1986, found that disease was significantly
decreased after three months of treatment (35). In our survey of case reports, GnRH agonism
has predominantly provided both symptomatic relief and reduction in metastastic lesions
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(Table 1). In addition to suppressing ovarian steroidogeneis, GnRH agonism can inhibit the
expression of aromatase P450, an estrogen synthetase, which catalyzes androgens to
estrogen, thereby decreasing in-situ estrogen production (36). GnRH agonism was sufficient
enough to decrease pelvic lesions in one patient in our series (Case 3), while in another case
GnRH agonism alone, without aromatase inhibition, resulted in disease progression (Case
2). Furthermore, another patient on GnRH agonism alone had improvement of pulmonary
disease, but no significant reduction in pelvic tumor burden, and thus therapy was changed
(Case 5).

Recent case reports have begun to utilize aromatase inhibitors to decrease BML lesions with
resounding beneficial effects (Table 1). Given the knowledge that leiomyomas have been
found to over-express aromatase p450, aromatase inhibitors can further create a local
hypoestrogenic milieu which may inhibit cell growth (37). Studies demonstrate that
aromatase therapy has been successful in decreasing uterine leiomyoma size (38, 39).
Typically, aromatase inhibition has been employed in combination with medical or surgical
castration. In one case we saw tumor burden reduction and stable disease in response to
GnRH agonism and aromatase inhibition (Case 2), and in another patient we found stable
disease of pelvic masses with aromatase therapy alone (Case 4).

Our case series mirrors that of current case reports, with the finding that patients diagnosed
with BML treated with GnRH agonism and/or aromatase inhibition had stable disease and a
reduction in tumor burden. With the help of RECIST guidelines we were able to evaluate in
a fastidious manner BML response to hormonal therapy (Figure 2). To date, few case reports
have utilized this rigorous standard for measuring disease response or progression in BML
(40). Some randomized control trials measuring leiomyoma response to hormonal therapy
utilize ultrasound measurement, but these are often operator dependent, and the technique
used can obscure measurement (38,29). While volumetric assessment of leiomyomas with
MRI imaging might be a good measure of tumor response (28), it is difficult to implement in
BML given the widely metastatic nature of the disease. Although the RECIST guidelines
were formulated to assess tumor burden in response to cancer therapeutics, they might serve
a role in measuring the response of benign yet metastasizing tumors like BML.

The one caveat to using the RECIST guidelines or any other type of volumetric system for
measuring BML disease is that they do no take into account cystic or vascular changes
within a lesion. The RECIST guidelines might not fully capture a response to therapy if the
lesions stay the same size but undergo cystic degeneration. For instance in Case 5, the
patient had a progression of BML disease after CDB-2914 treatment, but her dominant
pelvic mass also underwent cystic degeneration (Figure 2). Although the RECIST guidelines
are extremely helpful in evaluating overall tumor burden in BML, attention must also be
given to the characteristics of lesions after therapy as to not miss a potential therapeutic
treatment.

Our series is limited by the fact that two of our cases lack histopathologic confirmation of
distant metastases (Case 2,3). While these patients lack histologic diagnosis, the available
radiologic evidence supports the diagnosis of BML. The combination of new findings of
lung nodules in relatively healthy women with a prior history of uterine surgery for
leiomyomas strongly supports the diagnosis of BML, and does not require the patient to
undergo the risks associated with pulmonary biopsies (41). In the cases reviewed here,
pulmonary nodules also stabilized or regressed with therapy. In one patient, histologic
diagnosis may have been associated with significant morbidity, given close proximity of
lung nodules to the heart (Case 1). Another case demonstrates the reported close
pathogenesis between 1L and BML, as the patient presented with an 1VC/cardiac tumor
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consistent with intravenous leiomyomatosis as well as pulmonary lesions consistent with
BML (5, 42, 43) (Case 4).

This case series suggests that hormonal therapy may be used in the treatment of BML,
specifically by employing synergistic combinations with individual dosing. One patient who
received high dose Anastrazole at 5 mg/daily (Case 4) instead of traditional dosing at 1 mg/
daily, for example, illustrates that higher doses may be critical in obtaining disease
regression in BML patients. Initial studies on Anastrazole found doses of 1 mg and 10 mg
equipotent in suppressing estradiol levels (44), but a recent study found large variations in
drug metabolism and drug effect, indicating that Anastrazole therapy might need to be
individualized (45). In three of our patients (Case 1, 2, 3) we found that more frequent
dosing of Lupron (3.75 mg/3 weeks) than the standard regimen of Lupron (3.75 mg/4
weeks) was necessary for effective disease stabilization. These findings are consistent with
the results of other authors who demonstrated variability in response to standard doses of
Lupron, and ultimately adjusted frequency of dosing based on end organ response by
measuring sex steroid levels (46, 47). In our case series, specific doses and combinations of
medications were effective for some patients and not for others. Future hormonal treatments
of BML could involve monitoring of therapy response with serum sex-steroids levels, and
adjusting doses/frequency as needed.

The historical treatment of BML by therapeutic oophorectomy has been challenged by case
reports demonstrating hormonal treatment of BML can be an effective alternative (Table 1).
Furthermore, despite oophorectomy or menopause, hormonal treatment might be necessary
due to continued disease progression. For young women who desire to retain fertility or for
those where oophorectomy is not surgically possible, hormonal treatment can be a
therapeutic option. We have found that individually tailored combination therapy might
have an added benefit given the synergistic effects of different medications. Although the
rarity of this disease precludes the identification of standard treatment through the use of
clinical trials, GnRH agonism with or without aromatase inhibition has demonstrated
success in selected patients.
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Figure 1.
ER/PR receptor status of BML case reports 1986-2012.
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Figure 2. Tumor burden measured by RECIST 1.1 (19)

(A1) Axial contrast enhanced CT of the pelvis for Case 1 pre - treatment 3/2008

(A2) Axial contrast enhanced CT of the pelvis for Case 1 post - treatment 1/2010 — Stable
Disease (9.15% decrease)

(B1) Axial T2 weighted MRI of the pelvis for Case 2 pre - treatment 10/2008

(B2) Axial T2 weighted MRI of the pelvis for Case 2 post - treatment 2/2008 — Stable
disease (22.0% decrease)

(C1) Axial fat suppressed contrast-enhanced MRI of the pelvis for Case 3: pre - treatment
2/2009

(C2) Axial fat suppressed contrast-enhanced MRI of the pelvis for Case 3 post - treatment
8/2009 — Stable disease (20.4% decrease)

(D1) Axial contrast enhanced CT of the pelvis for Case 4: pre - treatment 11/2007

(D2) Axial contrast enhanced CT of the pelvis for Case 4: post - treatment 2/2008 - Stable
disease (3.6% decrease)

(E1) Axial T2 weighted MRI of the pelvis for Case 5: pre-treatment 6/2007

(E2) Axial T2 weighted MRI of the pelvis for Case 5: post-treatment 9/2011 - Progressive
disease (44.3% progression)
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Table 1

BML Case reports 1986-2012: Hormonal Treatment and Disease Response

Case Reports Treatment: GNRH agonism Response
Hague, 1986 (35) Buserelin x 3 months +
Maheux, 1987 (48) Buserelin x 6 months 0,C
Jacobson, 1995 (30) Buserelin x 42 months + C
Takemura, 1996 (43) BSO + Buserelin x 20 months 0,C
Tietze, 2000 (8) GnRH agonist x 24 months +
Alessi, 2003 (49) Goserelin x 12 months 0
Nardo, 2003 (50) GnRH agonist x 6 months 0,C
Chan, 2005 (51) Triptorelin x 3 months +
Egberts, 2006 (52) GnRH agonist x 12 months 0,C
Arrif, 2006 (42) Gosrelin x 6 months +
Tori, 2008 (53) GnRH agonist x 10 months +
Bodner-Adler, 2009 (54) GnRH agonist x 6 months 0
Mizuno, 2011 (40) GnRH agonist x 3 years 0
Silva, 2012 (55) Goserelin x 2 months — BSO -
Taveira-DaSilva, 2012 (56) Lupron x 12 months +
Treatment: Aromatase inhibition
Rivera, 2004 (24) Raloxifene + Anastrazole x 24 months + C
Lupron + Anastrazole x 60 months + C
Nasu, 2009 (57) TAH/BSO—Anastrazole x 15 months 0
Yoon, 2011 (58) TAH/BSO —Anastrazole x 4 months +
Xiao, 2012 (59) TAH/BSO— Anastrazole x 12 months +
Treatment: Selective Estrogen Receptor Modulation
Evans, 1986 (12) Tamoxifen x 4 months -
Jacobson, 1995 (30) Tamoxifen + Medroxyprogesterone x 9 months -S
Shin, 1996 (60) Tamoxifen x unknown duration -C
Rivera, 2004 (24) Tamoxifen x unknown duration - S
Kishore, 2004 (61) Tamoxifen x 60 months + C
Benetti-Pinto, 2006 (33) Raloxifene x 14 months +
Jo, 2006 (62) TAH/BSO + Tamoxifen x unknown duration +
Awonuga, 2008 (16) Tamoxifen x 1 month -
Vaquero, 2009 (3) Tamoxifen x 1 month -S
Ahmad, 2011 (63) Tamoxifen x 6 months -
Wongsripuemtet, 2012 (64) Tamoxifen x 2 months -
Treatment: Progesterone
Cramer, 1980 (22) Progesterone x unknown duration -
Stephenson, 1984 (65) BSO—Megestrol x 48 months +
Evans, 1986 (12) Medroxyprogesterone x 3 months -S
Cho, 1989 (66) BSO—Progesterone x unknown duration 0,C
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Case Reports Treatment: GNRH agonism Response
Cohen, 1993 (67) Depo-Provera x 18 months—Megestrol x 8 months -
Motegi, 1993 (68) Medroxyprogesterone x 48 months +
Hekster, 1994 (69) Progesterone x unknown duration -S
Jautzke, 1996 (4) Medroxyprogesterone x unknown duration +
Goyle, 2003 (70) Medroxyprogesterone x 3 months -S
Nardo, 2003 (71) Provera x unknown duration 0,C
Wentling, 2005 (72) Megestrol x 3 months + C
Chan, 2005 (51) Megestrol x 26 months 0
Londero, 2008 (73) Megestrol x 6 months +
Beck, 2012 (23) Megestrol x 6 months +

(+) decrease in disease
(0) stable disease

(=) increase in disease
(C) clinical improvement

(S) no clinical improvement
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