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Abstract

Purpose: Extremity soft tissue leiomyosarcoma (LMS) with metastasis is a rare disease with a poor
prognosis. The purpose of our study was to define clinical features of extremity soft tissue LMS with
metastasis as well as to identify multivariable predictors of survival.

Methods: During 1973-2015, 239 patients with metastatic extremity soft tissue LMS were
identified from the Surveillance, Epidemiology, and End Results (SEER) program database. The
prognostic analysis was performed using the Kaplan-Meier method and a Cox proportional hazards
regression model.

Results: This group comprised 126 females (52.7%) and 113 males (47.3%), whose ages ranged
from 8 to 95 years (median 67 years). The overall survival (OS) and cancer-specific survival (CSS)
rates of the entire group at 3 years were 22.6% and 23.4%, respectively. The median OS and CSS
were 14.0+1.5 and 15.0%£2.3 months, respectively. Multivariate analysis revealed that tumor size >10
cm, no surgery and no chemotherapy were independent risk factors of decreased OS and CSS.
Radiotherapy was not significantly associated with OS or CSS.

Conclusion: Extremity soft tissue LMS patients who present with metastasis at diagnosis had a
poor prognosis. Patients who performed surgery for primary tumors and chemotherapy had a
better chance for prolonged survival.
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Introduction

Soft tissue leiomyosarcoma (LMS) is a rare
malignant mesenchymal neoplasm which arises from
smooth muscle [1]. LMS occur predominantly in the
retroperitoneum or intraabdominal sites and is less
common in the extremities. Extremity LMS comprised
about 10% to 15% of extremity sarcomas, and it arose
predominantly from blood vessels, with a preference
for the lower limb [2-4]. Extremity LMS tend to
achieve a  better prognosis than uterine,
retroperitoneal, and major vessel LMS [4-6]. However,

patients with soft tissue sarcoma (STS) and metastasis
usually have a poor prognosis, and the median
survival is 12 months [7-9]. Current treatments for
patients with STS include surgery, radiation and
systemic chemotherapy. However, the treatment for
metastatic LMS remains a challenge, as curative
treatment for metastatic disease is rare.

To obtain deeper insight into soft tissue
extremity LMS and metastasis at diagnosis, we
analyzed all patients from 1973 to 2015 in the
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Surveillance, Epidemiology, and End Results (SEER)
program database of the National Cancer Institute.
This was a large-scale study of patients with soft
tissue extremity LMS and metastasis at diagnosis that
aimed to determine the predictors of survival.

Materials and Methods

Patient population

A total of 256 patients diagnosed with extremity
soft tissue LMS and metastasis at initial presentation
were identified from 1973 to 2015. All patient data
were obtained wusing the case-listing session
procedure from the SEER program. This study
followed standard guidelines and was approved by
the local Ethics Committee.

First, the International Classification of Diseases
for Oncology, 3rd edition (ICD-O-3) was used to
identify patients with extremity soft tissue LMS
(ICD-O-3 histologic type: 8890, 8891 and 8896;
ICD-O-3 site code: C49.1 and C49.2), using the
case-listing procedure. The flow chart for selection of
study population was shown in Figure 1. Only
patients with metastatic disease were enrolled, by
reference to the tumor stage at diagnosis. LMS arising
from the skeletal locations was excluded. All patient
diagnoses were confirmed histologically, based either
on biopsy results or the surgical specimen. Four
patients diagnosed only on the basis of the clinical
presentation, or according to the radiography, or
unknown were excluded. Seven patients with
unknown therapy were excluded. Six patients with

survival time less than one month were also excluded.
Data extracted from the SEER database included age,
gender, year of diagnosis, location, tumor grade,
tumor stage, tumor size, surgical treatment, radiation
treatment, chemotherapy, cause of death, and
survival time. Surgery or radiation treatment for
tumors in our study refers to treatment for local
primary tumors.

Statistical methods

The SPSS statistical software (version 22.0) and
Microsoft Excel 2017 were used to analyze the data.
Overall survival (OS) was defined as the time from
diagnosis to death from any cause, and cancer-specific
survival (CSS) was defined as the time from diagnosis
to death specific to the cancer-related diagnosis.
Univariate analysis was performed using the
Kaplan-Meier method with the log-rank test. Survival
curves were generated by the Kaplan-Meier method
and compared by log-rank test. Observations were
censored if the patient was alive at the time of the last
follow-up. Risk factors with p < 0.1 in univariate
analysis were included in the multivariate analysis.
Multivariate analysis was performed to determine the
independent predictors of OS and CSS with Cox
proportional-hazard regression analyses. The hazard
ratios (HRs) and corresponding 95% confidence
intervals (CIs) were calculated to show the effect of
factors on OS and CSS. Differences were deemed
statistically significant if the p <0.05.

SEER program database (1973-2015)

extremity soft tissue leiomyosarcoma and metastasis at presentation (ICD-0O-3

histologic type: 8890, 8891 and 8896; ICD-0-3 site code: C49.1, C49.2)

N=256
Patients diagnosed not from histopatholo
excluded ( - . il
> or unknown
L N=4

[ Patients diagnosed from histopathology J

N=252

excluded

Therapy unknown (N=7)

Patients included in this study
N=239

LSurvival time < 1 month (N=6)

N

Figure 1. The flow chart for selection of study population. (Abbreviations: SEER, Surveillance, Epidemiology, and End Results; ICD-O-3, international classification of diseases for

oncology, 3rd edition.)
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Results

Clinical characteristics of the 239 patients with
metastatic extremity soft tissue LMS

From 1973 to 2015, data for a total of 239 patients
with metastatic extremity soft tissue LMS who met the
inclusion criteria were collected from the SEER
database. Demographic and clinical characteristics of
patients are listed in Table 1.

Table 1. Demographic and clinical characteristics of 239 patients
with soft tissue extremity leiomyosarcoma and metastasis at
presentation identified in the SEER database from 1973 to 2015

addition, 142 (59.4%) patients received local surgery,
92 (38.5%) patients received radiation treatment, and
138 (57.7%) patients received chemotherapy.
Ultimately, 207 patients (86.6%) died, of whom 152
died of this cancer. The 3- and 5-year OS rates of the
entire cohort were 22.6% and 11.3%, respectively. The
3- and 5-year CSS rates were 23.4% and 11.3%,
respectively (Table 1). The median OS and CSS of this
cohort were 14.0+15 and 15.0+2.3 months,
respectively (Table 2).

Table 2. Median survival data (month) of 239 patients with soft
tissue extremity leiomyosarcoma and metastasis at presentation

Category Value Category oS 95%CI CSS 95%CI

Mean age (years) 65 Overall 14.0+15 11.0-17.0 15.0+23 10.5-19.5

Median age (years) 67 Age(years)

Age(years) <60 22.0+34 153287 250435 18.2-31.8

<60 84(35.1%) 260 10.0%14 7.2-12.8 11.0+14 82-13.8

>60 155(64.9%) Gender

Gender Female 14.0+2.7 8.7-19.3 16.0+£3.9 8.3-23.7

Female 126(52.7%) Male 14021 9.9-18.1 15.0+2.6 10.0-20.0

Male 113(47.3%) Year of diagnosis

Year of diagnosis <2000 13.0£28 7.6-184 13.0+3.0 7.1-189

<2000 60(25.1%) >2000 15.0+2.0 11.1-18.9 16.0+2.6 10.9-21.1

>2000 179(74.9%) Location

Location Upper limb 90+12 67-11.3 9.0+20  5.0-13.0

Upper limb 35(14.6%) Lower limb 150+19 11.2-188 16.0+32  9.6-224

Lower limb 204(85.4%) Tumor grades

Tumor size Low 13.0£50 3.2-22.8 13.0£32  67-193

<Sem 34(14.2%) High 150+14 122178 150426 9.9-20.1

5-10 cm 66(27.6%) Tumor size

>10em 80(33.5%) <5em 280493 98462 19.0+14.9 0.048.1

Unknown 59(24.7%) 5-10 cm 180432 117243 190427 137243

Tumor Grade: >10 cm 11.0£17  7.7-143 120420 8.0-16.0

Low 30(12.6%) .

High 149(62.3%) Surgical treatment

Unknown 60251%) Yes 17.0+31 10.8-23.2 170434 104-23.6
. No 11.0%£20 7.1-149 11.0+31 48172

Surgical treatment Radiation treatment

Yes 142(594%) Yes 150424 104-19.6 13.0+21 89171

No 97(40.6%) HE S L=s S

Radiation treatment No 140420 10.0-18.0 19.0+47 9.9-28.1

Yes 92(38.5%) Chemotherapy

No 147(61.5%) Yes 220429 163-27.7 230435  16.1-29.9

Chemotherapy No 80+1.0  6.0-10.0 70%15 4298

Yes 138(57.7%) a: Low: Grade I (well differentiated) and Grade II (moderately differentiated);

No 101(42.3%) High: Grade III (poorly differentiated) and Grade IV (undifferentiated anaplastic).

Deceased OS: overall survival, CSS: cancer-specific survival.

Yes 207(86.6%)

No 32(13.4%) . . . .

3-year OS rate 2.6% Univariate analyses of variables associated

3-year CSS rate 23.4% with OS or CSS in patients with metastatic

5-year OS rate 11.3% o .

S_ZW o o extremity soft tissue LMS

a: Low: Grade I (well differentiated) and Grade II (moderately differentiated);
High: Grade III (poorly differentiated) and Grade IV (undifferentiated anaplastic).
OS: overall survival, CSS: cancer-specific survival.

The mean and median patient ages at diagnosis
were 65 and 67 years, respectively. More than half
(n=126, 52.7%) of the patients were female. More than
two-thirds of the cases were diagnosed after 2000. In
terms of location, 14.6% tumors were located in the
upper limbs, and 85.4% in lower limbs.149 (62.3%) of
the tumors were categorized as high grade.
Information on the tumor size was available in 75.3%
cases, and was categorized into four groups. In

Univariate analyses were shown in Table 3. Our
study revealed that gender, year of diagnosis,
location, tumor grade, and radiation treatment were
not associated with either OS or CSS. Age > 60 years
was significantly associated with decreased OS and
CSS (Table 2 and 3). Tumor size >10 cm was
significantly associated with a decreased OS and CSS
(Table 2 and 3). Surgical treatment has been
significantly associated with an increased OS and CSS
(Fig. 2). Similarly, patients who received
chemotherapy had significantly better OS and CSS
than those who did not (Fig. 3).
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Table 3. Univariate analysis of variables in 239 patients with soft

tissue extremity leiomyosarcoma and metastasis at presentation

Category OS (Log-rank p CSS (Log-rank p
value) value)
Age at diagnosis (<60 vs260 ) 0.002 0.001
Gender (female vs male) 0.875 0.605
Year of diagnosis (<2000 vs>2000 ) 0.909 0.440
Location (upper limb vs lower limb)  0.064 0.162
Tumor grade® (low vs high) 0.824 0.713
Tumor size 0.044 0.082
>10 cm vs <5 cm 0.008 0.020
>10 cm vs 5-10 cm 0.132 0.114
5-10cm vs <5 cm 0.188 0.191
Surgical treatment (yes vs no) <0.001 0.004
Radiation treatment (yes vs no) 0.853 0.146
Chemotherapy (yes vs no) <0.001 <0.001

Older age, male, high tumor grade, and radiation
treatment failed to become an independent risk factor
for either OS or CSS.

Table 4. Multivariate analysis for OS and CSS for 239 patients
with soft tissue extremity leiomyosarcoma and metastasis at
presentation

a: Low: Grade I (well differentiated) and Grade II (moderately differentiated);
High: Grade III (poorly differentiated) and Grade IV (undifferentiated anaplastic).
OS: overall survival; CSS: cancer-specific survival

Multivariate analysis of independent predictors
of OS or CSS in patients with metastatic
extremity soft tissue LMS

Multivariate analyses were employed to identify
independent risk factors for survival in patients with
metastatic extremity soft tissue LMS (Table 4). On
multivariate analysis of all patients, tumor size >10
cm, no surgery and no chemotherapy were found to
be independent risk factors of decreased OS and CSS.

Variable (o]} CSS
Hazard Ratio P value Hazard Ratio P value
(95% CI) (95% CI)
Age(years)
<60 1 1
260 1.237(0.912-1.678) 0.171 1.371(0.967-1.944) 0.076
Location
Upper limb 1 -
Lower limb 0.701(0.471-1.041) 0.078 - -
Tumor size
<5cm 1 1
5-10 cm 1.492(0.930-2.392) 0.097 1.466(0.839-2.563) 0.179
>10 cm 2.219(1.384-3.558) 0.001 2.223(1.256-3.934) 0.006
Surgical
treatment
Yes 1 1
No 2.087(1.536-2.835) <0.001 2.007(1.411-2.855) <0.001
Chemotherapy
Yes 1 1
No 2.089(1.550-2.814) <0.001 2.254(1.585-3.205) <0.001

OS: overall survival; CSS: cancer-specific survival.
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Figure 2. Kaplan-Meier method estimated OS (A) and CSS (B) in patients with extremity soft tissue leiomyosarcoma and metastasis at presentation stratified by surgery.
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Figure 3. Kaplan-Meier method estimated OS (A) and CSS (B) in patients with extremity soft tissue leiomyosarcoma and metastasis at presentation stratified by chemotherapy.
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Discussion

Leiomyosarcoma is one of the most common
STSs, accounting for 10% - 20% of all newly diagnosed
STSs [10]. Soft tissue LMS is rarely seen in the
extremities, comprising about 10% - 15% of extremity
sarcomas [2]. Extremity soft tissue LMS can
metastasize to distant sites such as lungs, bones, and
other organs at an early stage [11]. Despite intensive
treatment, patients with extremity STS and metastasis
usually had a poor prognosis [12-14]. Krishnan et al.
[13] reported that the median survival of patients with
extremity STS and metastasis at diagnosis after
surgery was 22+4.1 months. The 2- and 5-year
survival rates were 45.6% and 18.0%. In our study, the
median OS and CSS of this cohort were 14.0+1.5 and
15.0+2.3 months, respectively. Both the 5-year OS and
CSS rates of the entire cohort were 11.3%, suggesting
that patients with extremity soft tissue LMS and
metastasis had worse prognosis than other types.

There is a significant unmet need to improve
their outcome further. Because cases of extremity soft
tissue LMS and metastasis at presentation are rare,
few studies have documented the prognosis of this
group. Our study is the first to describe the
demographic information of such patients and
explore possible predictors of survival using the SEER
database. The specific roles of chemotherapy and
radiation treatment in this group were also explored
in our study.

The mean and median age at diagnosis of our
cohort was 65 and 67 years, respectively, with a
similar ratio of male to female. Univariate analyses of
this cohort showed that gender was not associated
with significant differences in either OS or CSS, in
accordance with other research results [12, 15]. The
survival of patients diagnosed before 2000 years and
after 2000 years had no significant difference. Many
studies found age at diagnosis was significantly
associated with survival in non-metastatic STSs
patients [16-18]. However, our study showed that age
was not an independent risk factor of either OS or
CSS, a trend toward an increased OS and CSS was
observed for patients with age < 60 years compared
with those of age > 60 years. Abraham et al. [12] also
reported that age was not an independent predictor of
survival in patients with somatic LMS. We found that
tumor location was not associated with either OS or
CSS, but patients with upper limb tumor tend to have
a worse median survival (Table 2). Tumor size was
recognized as one of the important predictors of LMS
[14, 15, 19]. We identified tumor size >10 cm as an
independent risk factor for decreased OS and CSS in
metastatic extremity LMS population. Igbal et al. [20]
also reported that tumor size affected the survival in

metastatic STS. Therefore, tumor size is an important
prognostic factor for extremity LMS patients with or
without metastasis at presentation. High histological
grade is identified as an indicator of a poor prognosis
in somatic LMS [12, 14]. However, in our metastatic
cohort, tumor grade was not significantly associated
with survival in univariate analysis, suggesting that
tumor grade did not affect the survival after
metastasis.

Surgery, radiotherapy and systemic
chemotherapy constitute the current treatments of
LMS patients. However, the appropriate treatment for
metastatic extremity LMS patients remains unknown.
Surgical resection is considered as the main local
treatment for extremity LMS patients and could
prolong their survival [1, 21]. In our cohort, surgical
resection of primary tumors also prolonged the
survival of metastatic extremity LMS patients. In
patients with metastasis, removing the primary tumor
can alleviate pain, improve quality of life, and prolong
survival. Therefore, local surgery is an appropriate
treatment for metastatic extremity LMS patients.
Patients undergoing metastasectomy from STSs had
significantly prolonged survival compared to those
patients with unresectable metastases [13, 22].
Therefore, for such patients, both primary and
metastatic lesions should be actively treated in order
to obtain maximum survival time.

Chemotherapy-related  toxicity = was  as
considerable and generally higher for older STS
patients. Some studies reported that chemotherapy
showed no benefit in relapse-free survival or overall
survival in STS patients [23, 24]. Therefore, the
treatment for older extremity LMS patients remains a
challenge. Mankin et al. [1] reported that
chemotherapy had no impact on outcome but patients
treated with surgery plus adjuvant therapy seemed to
live longer than those treated with surgery alone.
Kasper et al. [25] reported that chemotherapy was
associated with improved relapse-free survival only
in patients > 30 years. Recent studies revealed that
chemotherapy improved survival of extremity STSs
patients including leiomyosarcoma [26-29]. In our
metastatic cohort, chemotherapy proved to be of
significant prognostic value and resulted in superior
survival, suggesting chemotherapy may be beneficial
in prolonging survival of metastatic extremity LMS
patients.

Radiotherapy can offer effective local control
and reduce the local recurrence. Combination of
surgery and perioperative RT is now widely adopted
as the mainstream treatment for extremity STS [30,
31]. Massi et al. [19] reported that surgery in
combination with radiation therapy, allowed the best
chance of cure for soft tissue extremity. The effects of
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radiotherapy on survival of metastatic extremity LMS
patients are rarely studied. Our univariate analysis
revealed that radiation treatment was not
significantly associated with either OS or CSS. Harati
et al. [14] also found that radiation did not
significantly improve local recurrence-free survival,
disease-specific survival in somatic LMS. However,
van Cann et al. [32] reported that metastatic LMS
patients undergoing radiation treatment had
significant better survival compared to patients not
undergoing this treatment. Thus, prospective trials
are urgently required for further confirmation.

Finally, this study has several limitations. First,
the SEER database does not include information about
local recurrence or metastasis during follow-up,
which may affect the prognosis. Second, other known
prognostic factors in cancer survival such as surgery
or chemotherapy procedures, were not available in
this database. Despite these shortcomings, the SEER
database provides important insights into rare
cancers, such as extremity soft tissue LMS and
metastatic disease at diagnosis.

Conclusion

This is the largest population-based study to
describe the demographics and analyze the prognosis
for 239 patients with soft tissue extremity LMS and
metastasis at presentation. OS and CSS rates of the
entire group at 3-year were 22.6% and 23.4%,
respectively. The median OS and CSS were 14.0£1.5
and 15.0+2.3 months, respectively. Tumor size,
surgery, and chemotherapy were independently
associated with survival outcome. This study
provides data that may help clinicians to better
understand the features and estimate the prognosis of
patients with metastatic extremity LMS and to
provide appropriate treatment recommendations.
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