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Abstract

Background Somatic leiomyosarcoma (LMS) is an aggressive soft tissue sarcoma entity with a high metastatic potential.
The purpose of this study was to identify prognostic indicators of survival in patients with somatic LMS of the soft tissues.
Methods We retrospectively assessed the relationship between local recurrence-free survival (LRFS), disease-
specific survival (DSS), overall survival (OS) and potential prognostic factors in 164 patients who were suitable for
surgical treatment in curative intent. Patients with soft tissue LMS of the extremities, the truncal wall and the head
and neck area were included. The median follow-up time was 4.9 years.

Results Inthe entire cohort, the 5-year estimate of the DSS, OS and LRES rate were 74.5% (95% confidence interval [CI]
65.0-81.8), 70.6% (95% CI: 60.9-78.3) and 63.4% (95% CI 53.4-71.9), respectively. Thirty-eight patients (23.2%)
developed distant metastases with a median survival time of 1.5 years after diagnosis of metastasis. Surgical margins
attained at the initial oncologic resection and eventual re-excisions did not influence DSS, OS and LRFS significantly.
Within the RO subgroup, close and wide negative margins led to similar outcomes. High histologic grade (P < 0.001), size
>5 cm (P = 0.002) and subfascial localisation (P = 0.002) were associated with significantly diminished DSS in uni-
variate analysis. In multivariate analysis, only histologic grade was found to be an independent prognostic factor of DSS.
Conclusions The data from this study could not determine a prognostic significance of surgical margins suggesting
that tumour characteristics other than margin status are important. Tumour biology reflected by the histologic grade
dictates the final outcome.
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Introduction

Leiomyosarcoma (LMS) is a relatively common subentity
within the rare and heterogeneous group of soft tissue sar-
comas. It originates from smooth muscle cells and may occur
throughout the body. Depending on the localisation of the
primary tumour, LMS can be classified into uterine, gas-
trointestinal, retroperitoneal and somatic subsets [1]. These
LMS subtypes exhibit completely different clinical beha-
viours and, therefore, should be considered separately [2, 3].

Somatic LMS of the soft tissues accounts for approxi-
mately 7.6 to 16.1% of all non-visceral soft tissue sarcomas
[4-6]. In comparison with other sarcoma subtypes, it rep-
resents a relatively aggressive subset with a high risk of
metastasis [7-9]. In previous studies, rates of distant
metastasis ranged from 29.4 to 44.7% [1, 9-11]. Reflecting
the regular approach for the treatment of soft tissue sar-
comas, the therapy of choice involves surgical resection
with negative margins [12—14]. Due to its overall rarity,
there have been only few studies that have analysed
prognostic factors in patients with somatic LMS occurring
in the extremities, the truncal wall and the head and neck
area [1, 9, 10, 15, 16]. Among these factors, histologic
grade and tumour size are the most significant for overall
survival (OS). Notably, the achievement of negative sur-
gical margins has been determined to be an important
factor for improving local recurrence-free survival (LRFS),
but none of the retrospective analyses could establish an
association between the quality of surgical margins and OS
[9, 10, 15]. This intriguing finding raises the question
whether wide resections with clear margins at any price or
more conservative, function-sparing resections should be
performed in patients with somatic LMS, considering that
only local control but not overall survival would depend on
quality of surgery. Hence, the role of radical surgery, even
in this aggressive sarcoma subtype, remains controversial
as it is in soft tissue sarcomas in general [14, 17-19].

These findings challenged our own previous treatment
policy and inspired us to review our institutional experi-
ence. The aim of this study was to identify prognostic
indicators of recurrence and survival in patients with
somatic LMS who underwent surgical resection. In par-
ticular, we focused on the effect of surgical margins on
disease outcome.

Patients and methods

Patients

Between April 1996 and November 2015, 164 patients with
somatic LMS of the soft tissues were treated surgically at

our institution. Only patients with primary soft tissue LMS
of the extremities, the truncal wall and the head and neck
area were included. Patients with simultaneous distant
metastases or with cutaneous LMS that were only confined
to the dermis were excluded. We restricted analyses to 164
participants with full information available on the outcome,
histology and surgical margins at the initial procedure.
Patient follow-up was obtained from our database and
patient correspondence. The study was approved by the
local ethics committee.

Treatment

Preoperatively, contrast-enhanced magnetic resonance
images of the tumour site were routinely obtained. The
goal of surgical treatment for all patients was resection of
the tumour with negative margins. A lateral clear margin of
two centimetres of normal tissue was intended wherever
feasible. In epifascial lesions, a deep clear margin of one
fascial layer was intended. Several patients received adju-
vant radiation and/or chemotherapy. The indication for
adjuvant radiation or chemotherapy was given at the dis-
cretion of the interdisciplinary tumour board of either our
institution or the referring institutions.

Histopathological classification

All tumours were diagnosed and classified using the
guidelines of the French Federation of Cancer Centres and
the World Health Organisation [20, 21]. All pathology
slides were analysed or reviewed for consensus diagnosis
by experienced soft tissue pathologists of our institution.

Statistical analysis

All patients were retrospectively analysed regarding pos-
sible prognostic factors influencing survival. Overall sur-
vival (OS) was defined as the time period from the date of
surgery for primary disease to the date of death from any
cause or the date of last follow-up assessment in living
patients. For the measurement of disease-specific survival
(DSS), patients who died from other causes were excluded.
Local recurrence-free survival (LRFS) was calculated from
the date of surgery for primary disease to the date of first
recurrence or the date of last follow-up assessment in
recurrence-free patients. Survival rates were estimated
according to the Kaplan—Meier method with respective
95% confidence intervals (ClIs) and were compared using
the log-rank test. Multivariate analyses were performed
using the Cox proportional hazards model and the Wald
test. Variables associated with P < 0.1 in the univariate
analysis were included in the multivariate regression to
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assess independent prognostic factors for DSS. The data
analysis was performed using the statistical program Stata
(Version 11.2, StataCorp, College Station, USA).

Results
Follow-up and patient characteristics

The median follow-up after primary diagnosis was
4.9 years (95% CI 3.6-6.4). The median age at the time of
primary diagnosis was 63.9 years (range 19.4-88.1). There
were 72 females (43.9%) and 92 males (56.1%) individu-
als. The distribution of the histologic grading was G1 in 30
cases (18.3%), G2 in 58 (35.4%) and G3 in 76 (46.3%). In
total, 43 patients (26.2%) had at least one local recurrence,
whereas 18 patients (10.1%) had two or more local recur-
rences (range 2—6). Over time, 38 patients (23.2%) devel-
oped distant metastases.

In the entire series, the 5-year estimates of the DSS and
OS rate were 74.5% (95% CI 65.0-81.8) and 70.6% (95%
CI 60.9-78.3). The median survival time after diagnosis of
initial local recurrence and distant metastasis were 1.9 and
1.5 years, respectively.

Treatment characteristics

Surgical treatment in one or two steps led to microscopi-
cally negative margins (RO) only in 147 patients (89.6%),
whereas 14 patients (8.5%) were left with microscopically
positive margins (R1) and three (1.8%) with macroscopi-
cally positive margins (R2). In those patients with R1 or R2
margins, the tumours were too advanced and widespread
for complete resection. Before definitive surgical treatment
at our institution, 79 patients (48.1%) underwent previous
whoops procedures with intralesional margins at the
referring hospitals. All these patients underwent a re-re-
section in our institution. In 78 of the 79 patients (98.7%),
negative margins could be attained.

A total of 58 patients (35.4%) received adjuvant radio-
therapy after resection of their primary tumour, with a
median overall dose of 60.0 Gray (range: 30.0-78.0). Of
these 58 patients, 14 (24.1%) developed local recurrences
in the further course of disease. Thirteen out of these 14
patients had previously undergone a RO resection of their
primary tumour while one patient had been left with R1
margins.

All 43 patients with local recurrences could undergo
further resection of their initial local recurrence. Here,
negative margins could be obtained in 33 of the 43 patients
(76.7%), while five patients (11.6%) were left with R1
margins and another five patients (11.6%) with R2 margins.
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Univariate analysis of LRFS

The 5-year rate of LRFS was 63.4% (95% CI 53.4-71.9)
for the entire cohort. Patients treated with adjuvant radia-
tion tended to have a prolonged LRFS compared with
patients whose primary tumours were not treated with
radiation (5-year LRFS: 69.6% [53.8-80.9] vs. 59.4%
[45.9-70.5]), but the difference was not statistically sig-
nificant in the univariate analysis (P = 0.124). Adjuvant
chemotherapy also failed to alter LRFS (5-year LRFS: 62.5
[22.4-86.1] vs. 63.4% [52.9-72.1]; P = 0.726). The mar-
gin status had no impact on LRFS (5-year LRFS: RO 63.6
[53.2-72.2] vs. R1 44.4% [6.0-79.1]; P = 0.900). Previous
whoops surgery did not affect the further local outcome (5-
year LRFS: 63.8 [49.7-749] vs. 61.9 [46.2-74.2];
P = 0.962).

Univariate analysis of DSS

Histologic grade, tumour size and depth were the only
factors that had a prognostic significance on DSS in uni-
variate analysis (Table 1, Fig. 1). Patients with G1 tumours
had more favourable prognoses than did patients with
intermediate G2 or G3 lesions (5-year DSS: G1 100.0% [-]
vs. G2 86.2% [69.5-94.1] vs. G3 56.1% [41.0-68.8];
P < 0.001) (Fig. 1). Primary tumours >5 cm at the initial
presentation were associated with a significantly dimin-
ished outcome when compared with smaller tumours (5-
year DSS: 58.0% [42.6-70.7] vs. 89.1% [77.1-95.0];
P = 0.002). Subfascial localisation was also associated
with a significantly worse DSS compared with epifascial
lesions (5-year DSS: 55.6% [36.8-70.8] vs. 82.9%
[72.0-89.9]; P = 0.002).

In the univariate analysis, the surgical margin status
failed to reach a prognostic significance (Table 2). Within
the RO subgroup, the clear margin width did not influence
DSS significantly. Similar to findings for LRFS, adjuvant
radiation and chemotherapy did not alter DSS. Adjuvant
treatment of the primary tumour also did not influence DSS
in patients that developed metastases during the course of
disease. (results not shown). Intralesional whoops surgery
before definitive surgical treatment had no significant
effect on DSS (5-year DSS: 77.3 [63.0-86.6] vs. 72.0
[58.0-82.1]; P = 0.265).

Regression analysis of non-categorised surgical
margin width

To evaluate the prognostic significance of non-categorised
clear margin widths within the RO subgroup more accu-
rately, we performed a Cox regression analysis. The closest
negative margin width could be assessed histologically in
our institution for 115 patients with RO-resected tumours.
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Table 1 Results of univariate analyses to determine factors predictive of DSS and OS in 164 patients with somatic leiomyosarcomas of the soft

tissues
N 5-year DSS (95% CI) P (log-rank)* 5-year OS (95% CI) P (log-rank)*

Age (years)

<60 63 66.4 (48.9-79.2) 66.4 (48.9-79.2)

>60 101 79.2 (67.5-87.1) 0.274 72.8 (60.7-81.8) 0.802
Sex

Female 72 72.7 (57.2-83.4) 65.2 (49.6-77.0)

Male 92 75.9 (62.7-85.0) 0.440 74.8 (61.7-83.9) 0.157
Tumour size

<5 cm 83 89.1 (77.1-95.0) 89.6 (78.0-95.2)

>5 cm 81 58.0 (42.6-70.7) 0.002 49.8 (35.1-62.9) 0.001
Tumour depth

Epifascial 111 82.9 (72.0-89.9) 77.9 (66.5-85.9)

Subfascial 53 55.6 (36.8-70.8) 0.002 54.2 (36.0-69.2) 0.012
Tumour site

Head/Neck 4 33.3 (0.9-77.4) 33.3 (0.9-77.4)

Upper extremity 32 78.7 (54.8-90.9) 70.4 (46.9-85.0)

Truncal wall 20 82.4 (54.7-93.9) 72.0 (45.2-87.3)

Lower extremity 108 74.6 (61.9-83.6) 0.414%* 71.4 (58.4-81.0) 0.402%%*
Grading

Gl 30 100 (-) 100 (-)

G2 58 86.2 (69.5-94.1) 77.0 (60.0-87.4)

G3 76 56.1 (41.0-68.8) <0.001%*%* 54.2 (39.1-67.0) 0.003%**

DSS disease-specific survival, OS overall survival, CI confidence interval

* Log-rank test for equality of survivor functions; ** Global log-rank test for trend of survivor functions

Disease-specific survival after primary diagnosis

0.8

0.5 A

0.3

0.0

T T T T T

0 2 4 6 8 10
time after primary diagnosis [years]
Number at risk

1 30 20 14 12 9 4
G2: 58 36 26 22 10 9
G3: 76 42 25 16 11 6

Histologic grade: G1 G2 G3

Fig. 1 Estimated DSS curves after primary diagnosis according to
histologic grade

Here, the closest surgical margin width did not influence
OS significantly. In the Wald test, the hazard ratio (HR) for
death was 0.66 (95% CI: 0.31-1.36) for wide margins
which failed to reach statistical significance (P = 0.258).

Thus, close and wide negative margins led to a similar
DSS.

Multivariate analysis of DSS

Histologic grade, tumour size and depth were associated
with P < 0.1 in the univariate analysis and, therefore,
included in the Cox model to assess independent prog-
nostic factors for DSS. Interestingly, only the histologic
grade was found to be an independent prognostic factor for
DSS (Table 3). This is due to the fact that size and depth
were strongly dependent on the histologic grade. High-
grade tumours were usually large and subfascially loca-
lised, and vice versa. The Spearman’s correlation coeffi-
cient for non-categorised tumour size and histologic grade
was significant for a positive correlation between these two
factors (p = 0.55; P < 0.001). When comparing the cate-
gorised tumour size (>5 cm, <5 cm) with the histologic
grade, the Fisher’s exact test revealed also a significant
dependency (P < 0.001). It could also demonstrate a
dependency between tumour depth and histologic grade
(P < 0.001).
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Table 2 Univariate analyses of DSS and OS depending on treatment characteristics

N 5-year DSS (95% CI) P (log-rank)* 5-year OS (95% CI) P (log-rank)*

Margin status
(Primary tumour)

RO 147  75.9 (65.6-83.4) 72.3 (61.9-80.2)

R1/R2 17  64.2 (33.4-83.6) 0.098 56.1 (26.6-77.8) 0.215
Margins status
(Initial recurrence)

RO 33 734 (51.8-86.4) 73.4 (51.8-86.4)

R1/R2 10 50.8 (15.7-78.1) 0.160 38.1 (8.9-68.0) 0.082
Wound closure**

Primary closure 109 70.8 (51.8-83.5) 72.5 (60.2-81.5)

Non-primary closure (plastic surgical tissue transfer) 52 77.9 (66.1-86.0) 0.371 69.7 (51.3-82.2) 0.620
Adjuvant radiotherapy
(Primary tumour)

No 106 77.9 (66.3-86.0) 74.2 (62.3-82.8)

Yes 58 70.1 (52.8-82.0) 0.774 66.0 (48.9-78.5) 0.956
Adjuvant chemotherapy
(Primary tumour)

No 156  74.9 (65.0-82.4) 71.5 (61.4-79.3)

Yes 8 66.7 (19.5-90.4) 0.989 57.1 (17.2-83.7) )
Distance of closest negative margin (RO group) in cm

<0.2 36 68.5 (46.0-83.1) 60.5 (39.7-76.1)

>0.2 79  80.2 (65.9-89.0) 0.350 78.3 (63.8-87.5) 0.158

<0.5 62  69.4 (52.7-81.3) 64.5 (48.3-76.8)

>0.5 53 849 (67.1-93.5) 0.220 82.1 (64.1-91.6) 0.211
Diabetes mellitus

No 130  75.7 (64.6-83.8) 70.4 (59.1-79.1)

Yes 34 71.3 (49.7-84.9) 0.425 71.3 (49.7-84.9) 0.565
Body mass index

<30 143 74.1 (63.2-82.2) 69.2 (58.1-77.8)

>30 21 74.4 (48.9-88.5) 0.731 74.4 (48.9-88.5) 0.687
Anaesthesia

Local/regional 19 92.3 (56.6-98.9) 80.7 (51.1-93.4)

General 145 71.7 (61.1-79.9) 0.101 68.8 (58.0-77.3) 0.427

DSS, disease-specific survival, OS, overall survival CI confidence interval

* Log-rank test for equality of survivor functions. ** Amputations excluded from this analysis

Table 3 Results of multivariate analysis on DSS according to Cox proportional hazard model

Category (reference) Hazard Ratio for death of disease 95% Cl P

Tumour depth: Subfascial (vs. epifascial) 2.09 0.98-4.49 0.058
Tumour size: >5 cm (vs. <5 cm) 4.94 0.67-36.54 0.117
Histologic grade: G3 (vs. G1) 8.70 1.13-67.01 0.038
Histologic grade: G2 (vs. G1) 2.10 0.80-5.52 0.133
Margin status: R1/R2 (vs. RO) 1.21 0.53-2.73 0.651

CI confidence interval
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Furthermore, we have determined the prognostic sig-
nificance of the time of metastasis occurrence in patients
with distant metastases. Here, late metastasis was associ-
ated with an better DSS than early metastasis (hazard ratio
for dead of disease: 0.73 (95-CI 0.57-0.95; P = 0.014).

Discussion

Somatic LMS of the soft tissues represents an aggressive
soft tissue sarcoma entity with a high metastatic potential.
In the present study, 23.3% of all patients developed distant
metastases during the course of disease. Previous analyses
from other institutions reported even higher metastasis
rates ranging from 29.4 to 44.7% [1, 9—11]. In our series,
the median survival time after diagnosis of distant metas-
tasis was only 1.5 years (95% CI 0.8-2.8). Histologic
grade, tumour size and depth emerged as the only factors
that influenced DSS significantly in univariate analysis.
However, histologic grade was the only independent
prognostic factor for DSS in multivariate analysis, while
size and depth showed a dependency towards histologic
grade. In our series, high-grade tumours were usually large
and subfascially localised. Similar observations were also
made by two largest, well-characterised studies that
assessed the impact of surgical margins on patients with
somatic LMS: In a single-institutional analysis of 115
patients from Brigham and Women’s Hospital (BWH),
Abraham et al. [15] identified the histologic grade and
tumour depth as independent factors predicting OS in
multivariate analysis. In a multi-institutional analysis by
the Scandinavian Sarcoma Group (SSG), Svarvar et al. [9]
determined the surgical outcome of 225 patients with
somatic LMS and found that grade, size and depth corre-
lated significantly with OS in univariate analysis. However,
in accordance with our findings, size and depth could not
be revealed as independent predictors of OS in multivariate
analysis. Only the histologic grade appeared to be a sta-
tistically independent prognostic factor. Hence, the histo-
logic grade as a marker for the inherent biological
aggressiveness was the most important factor that dictated
OS in this multi-centre study. Several other studies could
confirm the prognostic significance of the histologic grade
as well, although they involved smaller subsets of patients
with somatic LMS [1, 11, 22].

Interestingly, surgical margins attained at the primary
resection and eventual re-excision did not influence LRFS,
DSS and OS in our patient population. In accordance, both
aforementioned studies from BWH and the SSG demon-
strated that positive margins adversely affected the local
outcome but did not influence OS. Thus, the quality of
surgical margins had only an impact on local control.
These findings are in line with the results of a retrospective

analysis by the Memorial Sloan-Kettering Cancer Center
which also included abdominal and retroperitoneal LMS.
Here, positive margins were associated with a diminished
LRFS, but did not have an adverse impact on OS [10].
Hence, none of the large studies that assessed the prog-
nostic influence of surgery on somatic LMS could establish
an association between the quality of surgical margins and
OS.

To date, analyses with the emphasis on somatic LMS are
sparse. The overall rarity of somatic LMS poses epidemi-
ological challenges and impedes a reliable assessment of
the surgical outcome through larger studies. In previous
studies on non-visceral soft tissue sarcomas in general,
somatic LMSs were merely assessed as a subgroup and not
separately. However, the influence of surgical margins on
LRFS and OS has also been discussed controversially in
those studies. Several retrospective studies on extremity
soft tissue sarcomas presented similar results and could not
reveal a prognostic significance of negative margins on
survival [23, 24]. Nevertheless, these findings are in con-
tradiction to several large studies as well that determined a
beneficial prognostic impact of negative margins on LRFS
and OS [17, 18, 25]. However, a large study by Gronchi
et al. [14] from the Instituto Nazionale Tumori in Milan
analysed the outcome of 911 patients with extremity STS
presenting a long-term median follow-up of 8.9 years.
Notably, microscopic margin status failed to reach statis-
tical significance as an independent predictive factor for
OS in this long-term survival analysis. Finally, Kandel
et al. [26] presented a meta-analysis including 32 retro-
spective and prospective studies in 2013. Here, most
studies failed to establish a strong correlation between
surgical margins and OS suggesting that tumour charac-
teristics other than margin status are important.

However, although positive margins had no prognostic
impact in the current and previous studies on somatic LMS,
the same conclusions might be drawn as for other soft
tissue sarcomas. Most of the recently published studies
suggested a less radical surgical approach with limb- and
function-sparing resections when feasible without leaving
microscopic positive margins [14, 26]. As indicated by the
data of BWH and the SSG, negative margins are associated
with a higher rate of local control, but radical surgery with
the goal of clear margins at any price cannot be justified by
the presented findings in order to improve DSS.

Regarding adjuvant treatment modalities, radiation did
not significantly improve LRFS and DSS in our series. In
accordance, the other studies on somatic LMS were also
not able to detect any beneficial prognostic effects of
radiation or did not assess its impact [9, 10, 15]. Never-
theless, these findings have to be interpreted with caution
because of the relatively small number of patients treated
with adjuvant radiation. However, adjuvant radiation has
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been determined to control local disease in non-visceral
soft tissue sarcomas in general. A recently published ran-
domised, prospective study conducted by the National
Cancer Institute in Bethesda included 141 patients with
extremity STS and revealed that patients who underwent
limb-sparing surgery with adjuvant radiation had an
improved LRFS when compared with patients who
underwent surgery without radiation [27]. Notably, overall
survival was not improved in the radiation treatment group.
However, there are also several Surveillance, Epidemiol-
ogy and End Results (SEER) Database analyses that could
find a significant association between radiation treatment
and overall survival in the subgroup of patients with high-
grade STS [28-30]. It therefore seems reasonable to
include adjuvant radiation in all cases of high-grade STS,
no matter whether negative or positive margins were
attained.

Finally, the current study has several limitations which
have to be stated. Although being one of the largest anal-
yses on somatic LMS, the assessed subgroups are still
relatively small and some findings have to be interpreted
with caution. Due to the small subset of patients with
positive margins, we cannot conclude that there is no
association between margins and outcome at all. The pre-
sent study indeed demonstrated that tumour characteristics
such as histologic grade have a greater influence on the
outcome than treatment-related factors such as surgical
margins, but otherwise it cannot refute a potential influence
of treatment-related factors which might become clearer
when more patients are analysed. Another limitation of our
study implies a study selection bias which has to be
acknowledged. We only included patients with STS that
were suitable for further surgical treatment with curative
intent. Patients with extensive tumours that could not be
approached surgically because of rapid disease progression
and therefore with less favourable outcome were not
assessed in this study. Hence, our findings are only appli-
cable to the selected group of patients where further sur-
gical treatment was possible and not to all patients with
somatic LMS.

In conclusion, this study provides data that may help
clinicians estimate the prognosis of patients with somatic
LMS. Adverse prognostic features included high histologic
grade, large tumour size and subfascial localisation,
although these factors were depended of each other. The
data from this study could not underscore the benefit of
negative margins achieved at the resection of the primary
tumour or eventual re-excisions. Neither local control nor
DSS correlated significantly with the surgical margin sta-
tus. With respect to the current available data from the
present and previous studies on somatic LMS, surgical
efforts should aim at limb- and function-sparing resections
when feasible with negative margins to improve local
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control. When the goal of achieving clear margins will
require major functional impairment or amputation, the
postoperative consequences should be clearly discussed
with each patient, as this can be highly subjective. The
ultimate decision should be made in each case based on the
histologic grade and progression of the tumour, the health
status of the patient and, last but not least, the decision of
the informed patient.
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