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Abstract

Background—Aromatase inhibitors are sometimes used in the treatment of selected patients 

with uterine leiomyosarcoma (LMS), but there are few data assessing the efficacy of aromatase 

inhibitors in this setting.

Methods—We performed a retrospective electronic medical record review of patients with 

uterine LMS treated with an aromatase inhibitor at Memorial Sloan-Kettering Cancer Center 

between 1998–2008. We assessed progression-free survival (PFS) and objective response among 

patients with measurable disease and explored the correlation of hormone receptor status with 

outcome.

Results—Forty patients with advanced or recurrent uterine LMS were treated with aromatase 

inhibitors. Thirty-four had measurable uterine disease. Hormone receptor status for these patients 

was as follows: estrogen receptor (ER) positive-22, ER negative-9, ER unknown-3, progesterone 

receptor (PR) positive-10, PR negative-10, PR unknown-14. Aromatase inhibitors used were: 

letrozole (in 74% of patients), anastrozole (21%), and exemestane (6%_. Median PFS was 2.9 

months (95% CI: 1.8–5.1). The 1-year PFS rate was 28% (95% CI: 11–48%) for ER and/or PR 

positive uterine LMS. Best objective response was partial response (PR) in 3/34 patients (9%) (all 

of whom were ER positive).

Conclusions—In this population of patients with mostly low-volume and ER positive uterine 

LMS, aromatase inhibitors achieve objective response in only 9%. Relatively prolonged PFS was 
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observed among ER positive uterine LMS patients. In the absence of a no-treatment control group, 

the prolonged PFS cannot be attributed solely to the activity of the aromatase inhibitor treatment 

since it may reflect the underlying biology of low-volume, ER positive uterine LMS.

Precis

Our study is the largest case series evaluating the efficacy of aromatase inhibitors in patients with 

uterine LMS.

INTRODUCTION

Uterine leiomyosarcoma (LMS) accounts for 1.3% of all uterine malignancies, with an 

estimated annual incidence of 0.55 per 100,000 women [1]. These tumors follow an 

aggressive clinical course with overall 5-year survival less than 50% in stage I-II uterine 

LMS, and less than 15% in patients with advanced stage disease [2]. Primary management 

of localized uterine LMS consists of total abdominal hysterectomy, bilateral salpingo-

oophorectomy and excision of all resectable tumor [3]. There is no established standard for 

adjuvant chemotherapy or radiotherapy after resection of disease [4–6]. Chemotherapy is the 

mainstay of treatment for advanced, unresectable uterine LMS. However, the median 

duration of response is less than 8 months [7–15]. Therapeutic options are limited for 

patients who progress following standard cytotoxic regimens and there is an urgent need to 

identify new active agents.

Similar to other gynecological malignancies, many of these tumors express hormone 

receptors, including ER (7–71%) and PR (17–60%) [16–20]. In post-menopausal or 

oophorectomized women, aromatase inhibitors, including anastrozole, letrozole and 

exemestane, can induce a profound reduction in circulating estrogen levels through 

inhibition of the enzyme aromatase. Aromatase inhibitors have an established role in the 

treatment of early-stage and advanced breast cancer. Several small studies have reported 

responses to aromatase inhibitors in hormone-sensitive endometrial cancer, endometrial 

stromal sarcoma, and ovarian cancer [21–25].

Anecdotal evidence in the literature suggests a role for aromatase inhibitors in the 

management of metastatic uterine LMS. There is a report of two patients with recurrent, 

hormone receptor positive uterine LMS, and a case report of a patient with ER positive 

uterine LMS metastatic to lung, who were successfully treated with letrozole or anastrozole 

[26, 27]. Aromatase inhibitors are generally well-tolerated oral agents which represent an 

attractive, targeted treatment for uterine LMS; however, there are no data assessing their 

efficacy. We sought to evaluate the efficacy of aromatase inhibitors in a cohort of patients 

with uterine LMS treated at our institution.

METHODS

We performed a retrospective study of patients with advanced or recurrent leiomyosarcoma 

treated with an aromatase inhibitor at Memorial Sloan-Kettering Cancer Center (MSKCC) 

from January 1998 to June 2008. The study was approved by the Institutional Review Board. 

Patients were identified using the institutional database and pharmacy records. Patients were 
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excluded if they received the aromatase inhibitor as treatment for breast cancer or received 

concomitant chemotherapy. Patients’ electronic medical records were reviewed for age at 

diagnosis, stage, sites of metastases, volume of metastatic disease, tumor grade, hormone 

receptor status, performance status, prior treatments, type and dose of aromatase inhibitor 

used and toxicities. In addition, we recorded the presence or absence of the following 

comorbidities: hypertension, ischemic heart disease, hypercholesterolemia, asthma, chronic 

obstructive airway disease, thyroid disease, renal failure, cerebrovascular disease, 

thromboembolic disease and other malignancies. Only patients with measurable disease on 

radiographic imaging prior to aromatase inhibitor treatment were included in our analyses.

All patients had surgical biopsies reviewed by the MSKCC Department of Pathology, which 

confirmed the diagnosis of uterine LMS and tumor grade. Tumors were diagnosed as “high 

grade leiomyosarcoma” if they met criteria established by Bell et al. [28]. Tumors diagnosed 

as “low grade leiomyosarcoma” met criteria for “atypical leiomyoma with low recurrence 

rate,” or “smooth muscle tumor of low malignant potential with limited experience” if 

metastasis was present at diagnosis or the patient experienced recurrence that failed to meet 

high grade leiomyosarcoma criteria [28].

Immunohistochemistry for ER and PR was performed on formalin-fixed, paraffin embedded, 

representative, whole sections of tumor. Monoclonal antibody ER1D5 (Beckman Coulter; 

Miami, FL) was used for ER, diluted 1:100, after antigen retrieval with citrate, pH 6. 

Monoclonal antibody 10A9 (Beckman Coulter; Miami, FL) was used for PR, diluted 1:200. 

Staining was performed using standard methodology on an automated Ventana stainer 

(Ventana; Tucson, AZ). Sections demonstrating nuclear immunoreactivity in up to 10% of 

tumor cells were scored as negative and those with greater than 10% staining were scored as 

positive. In 3 patients who had not previously had their tumors tested for hormone receptors, 

we performed ER and PR immunohistochemical staining on archival tissue.

The primary end-point of the study was progression-free survival, defined as time from the 

start of aromatase inhibitor treatment until disease progression or death. Patients who had 

reached neither endpoint were censored at date of last follow-up. The Kaplan-Meier method 

was used to estimate PFS. Objective response was evaluated by Response Evaluation 

Criteria in Solid Tumors (RECIST) criteria [29]. We explored the correlation of ER/PR 

status with objective response and PFS. Toxicity was graded using the National Cancer 

Institute Common Terminology Criteria for Adverse Events (CTCAE) version 3.0 [30].

RESULTS

Patient and Tumor Characteristics

We identified 43 patients with uterine LMS treated with an aromatase inhibitor between 

January 1998 and June 2008 (Figure 1). Four of these patients were excluded: three with a 

history of uterine LMS who were prescribed an aromatase inhibitor for a subsequent 

diagnosis of breast cancer, and one with metastatic uterine LMS who received concomitant 

temozolamide with the aromatase inhibitor. Of the remaining 39 patients, 5 did not have 

evidence of measurable disease at the time of aromatase inhibitor initiation and were not 

included in the analyses. The demographics and tumor characteristics of the remaining 34 
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patients with measurable disease are listed in Table 1. Fifteen patients (44%) had uterine 

LMS confined to the uterus at initial diagnosis (FIGO stage I or II) and subsequently 

developed locally recurrent and/or metastatic disease. Nineteen patients (56%) had advanced 

disease at initial diagnosis. The median age at time of aromatase inhibitor initiation was 53 

(range, 35 to 74). Ninety-one percent were postmenopausal at the time of treatment with the 

aromatase inhibitor. Tumors were classified as high grade LMS in twenty-nine patients 

(85%) and low-grade LMS in 15%.

ER status was determined in 31 of 34 patients. Twenty-two of these 31 patients (71%) had 

ER positive tumors. Progesterone receptor status was available for 20 patients: 10 were PR 

positive, and 10 were PR negative. Of the 10 patients with PR positive disease, all except 

one were also ER positive. Among the 20 patients whose biopsy specimen was stained for 

both ER and PR, 5 had tumors that were reported as negative for both hormone receptors.

Prior surgical and systemic treatment details are provided in Table 2. Thirty-one (91%) of 

the 34 patients had undergone hysterectomy; 27 (79%) had had bilateral salpingo-

oophorectomy. Eighteen patients (53%) in the cohort had had further surgical debulking for 

recurrent disease immediately prior to starting the aromatase inhibitor. Despite such surgical 

debulking, all of these patients had measurable disease at time of aromatase inhibitor 

treatment. Eleven of these 18 patients had low volume, measurable disease (defined as the 

absence of any tumor deposit greater than 2 cm in longest diameter on radiographic 

imaging), and in another six patients the largest tumor deposit was less than 4 cm post-

operatively.

Among all 34 patients with measurable recurrent or metastatic uterine LMS at the time of 

aromatase inhibitor commencement, 19 (56%) had only low volume disease. Sites of disease 

included lung in 30 patients (88%) and pelvis in 19 (56%). Other sites involved were liver, 

soft tissue, bone and brain. The aromatase inhibitor was prescribed as salvage therapy post 

disease progression in 20 patients (59%). In the remaining 14 women (41%), it was used as a 

form of consolidation therapy to treat small volume residual disease post chemotherapy or 

post surgical debulking

Sixty-eight percent of patients had been treated with at least one cytotoxic agent prior to 

aromatase inhibitor treatment. Sixteen patients (47%) had received gemcitabine plus 

docetaxel, 16 (47%) an anthracycline-containing regimen, and 10 (29%) both these 

regimens. Seven patients (21%) had received 3 or more chemotherapy regimens. Twelve 

patients (35%) had had pelvic radiotherapy prior to aromatase inhibitor, including two of the 

chemotherapy-naive patients.

Seven patients (21%) had previously received hormonal therapy; 4 of these had received 

megestrol acetate, 2 had received tamoxifen (1 as adjuvant treatment for breast cancer) and 1 

had received both megestrol acetate and tamoxifen. The best response observed with these 

hormonal agents was disease stabilization in of the patients (3 with megestrol acetate and 1 

with tamoxifen) and disease progression two others. None of these patients achieved an 

objective response to the subsequently prescribed aromatase inhibitor. Nevertheless, it is of 

interest to note that one patient who had early disease progression with megestrol acetate 

O’Cearbhaill et al. Page 4

Gynecol Oncol. Author manuscript; available in PMC 2016 May 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



went on to derive a prolonged progression-free survival, lasting greater than 3 years, with 

letrozole.

Letrozole was prescribed for 25 of the 34 patients (74%). Ten of these 25 patients were 

subsequently prescribed anastrozole. Three patients were prescribed exemestane (2 as first-

line and one as second-line aromatase inhibitor). Three patients (9%) were still 

premenopausal at the time of aromatase inhibitor treatment. Leuprolide, a gonadotropin-

releasing hormone agonist, was administered to suppress ovarian function in these pre-

menopausal women in order to permit treatment with an aromatase inhibitor.

Objective Responses to Aromatase Inhibitor Treatment

The duration of administered aromatase inhibitor therapy ranged from 1 to 84 months. No 

patient achieved a complete response. A partial response was observed in 3 patients (9%) 

(all three patients were ER positive; one was also PR positive and 2 were PR unknown). The 

durations of response in these 3 patients were 12.5, 9.5 and 5 months. Eleven patients (32%) 

had stable disease as best response on follow-up imaging. The duration of stable disease 

(median PFS) for these 11 patients was 13 months (95% CI: 3.1–40.3 months). Hormone 

receptor status for these 11 stable disease patients was: ER positive-7 patients; ER 

negative/PR positive-1 patient; ER negative/PR unknown-1 patient; ER negative/PR 

negative-1 patient; ER and PR both unknown-1 patient. Best response was progression of 

disease in 20 patients (59%).

Progression-free survival

At last follow-up, 20 (59%) of the 34 patients had died with disease progression, 13 (38%) 

were alive with disease progression and 1 (3%) was alive without progression (Figure 2). 

Median PFS was 2.9 months (95% CI: 1.8–5.1 months). Figure 3 illustrates the difference in 

PFS between patients with ER and/or PR positive tumors and those with ER and PR 

negative tumors. The 1-year progression-free rate for the ER and/or PR tumor was 26% 

(95% CI: 11–45%). In the 5 patients with ER negative and PR negative tumors, the longest 

PFS recorded was 98 days.

Toxicities during aromatase inhibitor treatment

Toxicities observed during aromatase inhibitor treatment included grade 1–2 asthenia in 10 

women (29%), hot flashes in 10 (29%) and arthralgias in 9 (26%). Six patients (18%) had 

significant weight gain (>5 kg) following aromatase inhibitor treatment. One patient (3%) 

was also observed to have new-onset peripheral edema. There were no reports of vaginal 

dryness, apart from 2 patients who had reported vaginal dryness prior to aromatase inhibitor 

treatment. Two patients (6%) with measurable disease developed significant joint pain 

following commencement of the aromatase inhibitor. The first patient who had stable disease 

at the time of anastrozole discontinuation was monitored expectantly off treatment. The 

second patient who had asymptomatic sub-centimeter progression while on the aromatase 

inhibitor was able to resume the same aromatase inhibitor, letrozole, after a brief interruption 

in therapy; she then went on to receive another 2 years of the drug before significant disease 

progression. Of the 8 patients (24%) who had pre-existing osteoarthritis, only three reported 

an increase in the severity of their musculoskeletal symptoms during aromatase inhibitor 
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therapy. The rate of discontinuation of aromatase inhibitors secondary to toxicity among the 

34 patients was 6%.

DISCUSSION

Our study represents the largest case series evaluating the efficacy of aromatase inhibitors in 

patients with uterine LMS. In a population of 34 patients with measurable, advanced uterine 

LMS, objective response was observed in only 9%. Median PFS was 2.9 months (95% CI: 

1.8–5.1 months). Progestins and tamoxifen were among the first hormonal modulators to be 

explored in the management of metastatic uterine LMS. Medroxyprogesterone acetate, a 

synthetic derivative of progesterone, exerts an anti-estrogenic effect through binding to the 

PR. One case report depicted a protracted partial response to medroxyprogesterone (600 mg 

daily) in a patient with uterine LMS metastatic to lung [31]. Conversely, another series 

evaluating the efficacy of tamoxifen, medroxyprogesterone acetate or both in 28 patients 

with uterine LMS demonstrated only one objective responses [32]. In fact, tamoxifen has 

actually been linked to the subsequent development of uterine LMS in women prescribed the 

drug as adjuvant treatment for breast cancer [33–35]. This phenomenon is likely explained 

by tamoxifen’s estrogenic agonist activity in certain tissues of the female genital tract [36].

Mifepristone, a selective progesterone receptor modulator, has been shown to shrink benign 

uterine leiomyomata. In addition, it induced a prolonged response in a patient with 

disseminated osseous leiomyosarcoma [37]. This prompted the authors of one small case 

series to administer mifepristone at a dose of 50–200 mg daily to 3 patients with recurrent 

uterine LMS. One of these patients with a low-grade PR positive tumor obtained a durable 

objective response to the agent, exceeding 3 years. However, the other two patients, both 

with high-grade uterine LMS, had disease progression within 4 months of starting the drug 

[38, 39].

Aromatase inhibitor treatment had a favorable toxicity profile in this uterine LMS 

population. Joint-related toxicity was the reason for discontinuation of the drug in 2 (6%) of 

the 34 patients. While aromatase inhibitor treatment achieved a low objective response rate 

(9% partial response), 32% of patients had stable disease and thus may have had some 

clinical benefit. Objective response and prolonged PFS was more likely to be achieved 

among patients with ER and/or PR positive tumors. In other malignancies, it is widely 

accepted that patients are unlikely to derive benefit from anti-hormonal agents if their 

tumors do not express steroid receptors [40, 41].

Results of this study should be interpreted with several important caveats. The study is a 

retrospective cohort, and the patients who received aromatase inhibitor treatment represent a 

highly selected group of uterine LMS patients. Evidence of this patient selectivity is the high 

proportion of patients with low-volume disease, and with ER and/or PR positive disease. 

The expression of steroid receptors in uterine LMS has previously been associated with a 

better prognosis compared to those with hormone receptor negative tumors [17, 42]. It is 

possible that the more favorable outcome observed among our patients with ER and/or PR 

positive uterine LMS was merely due to tumor biology rather than a therapeutic effect of the 

aromatase inhibitor.
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CONCLUSION

In summary, aromatase inhibitors achieved minimal rates of objective response in this highly 

selected population of women with advanced or recurrent uterine LMS. Objective responses 

were only observed among patients with ER positive tumors. Progression-free survival was 

longer among patients with ER and/or PR positive patients than among patients with ER and 

PR negative tumors. However, in the absence of a randomized, no-treatment, control group, 

this outcome cannot be attributed solely to the activity of the aromatase inhibitor treatment. 

Patients whose tumor did not express either ER or PR did not appear to derive benefit from 

aromatase inhibitor treatment.
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Figure 1. 
Flow Chart of uterine leiomyosarcoma Patients Treated with an Aromatase Inhibitor

Abbreviations: LMS, leiomyosarcoma; AI, aromatase inhibitor; ER, estrogen receptor; PR 

progesterone receptor.
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Figure 2. 
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Figure 3. 
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Figure 4. 
Progression-free Survival Stratified by Tumor Grade
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Table 1

Patient and Tumor Characteristics (n=34)

Variable n(%), Median(Range)

Median age at AI initiation 53 years (35–74)

Performance status

    0 2 (6%)

    1 30 (88%)

    2 1 (3%)

    3 1 (3%)

Ethnicity

  Caucasian 27 (79%)

  Hispanic 4 (12%)

  African American 2 (6%)

  Asian/Indian 1 (3%)

Postmenopausal status 31 (91%)

Median body mass index 28 kg/m2 (16–52)

Number of comorbidities

    0–1 14 (41%)

    2–3 18 (53%)

    4–5 2 (6%)

FIGO stage at diagnosis

    I 11 (32%)

    II 4 (12%)

    III 3 (9%)

    IV 16 (47%)

Sites of metastases at time of AI initiation

  Lung 30 (88%)

  Lung as only site of metastases 6 (18%)

  Pelvis 19 (56%)

  Bone 6 (18%)

  Liver 5 (15%)

  Brain 1 (3%)

Tumor volume at time of AI initiation

  Low 19 (56%)

  High 15 (44%)

Histologic grade

  Low 5 (15%)

  High 29 (85%)

Hormone receptor status

  ER n=31

    Positive 22 (71%)

    Negative 9 (29%)
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Variable n(%), Median(Range)

  PR n=20

    Positive 10 (50%)

    Negative 10 (50%)

  ER and PR n=20

    Positive 9 (45%)

    Negative 5 (25%)

Abbreviations: AI, Aromatase inhibitor; FIGO, International Federation of Gynecology and Obstetrics; ER, estrogen receptor; PR, progesterone 
receptor
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Table 2

Patient treatment details (n=34)

Variable n(%), Median(Range)

Initial management at diagnosis of uLMS

  Surgical resection alone 22 (65%)

  Surgical resection and chemotherapy 11 (33%)

  Chemotherapy alone 1 (3%)

Number of prior chemotherapy regimens

  0 11 (32%)

  1 10 (29%)

  2–3 11 (32%)

  ≥ 4 2 (6%)

Prior hormonal treatment
(medroxyprogesterone, tamoxifen) 7 (31%)

Prior pelvic radiotherapy 12 (35%)

Median interval between diagnosis and
AI initiation

1.2 years (0.02–22)

AI used

  Letrozole [with leuprolide] 25 (74%) [3 (9%)]

  Anastrozole 7 (21%)

  Exemestane 2 (6%)

Abbreviations: uLMS, uterine leiomyosarcoma; AI, aromatase inhibitor
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Table 3

Best Objective Response to Aromatase Inhibitor treatment (n=34)

Response n (%)

Complete response 0 (0%)

Partial response 3 (9%)

Stable disease 11 (32%)

Progressive disease 20 (59%)
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