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Abstract. Aim: This study was interested in extremity
leiomyosarcoma with focus on clinical outcome after surgery
with or without adjuvant therapy. Patients and Methods: A
retrospective case series of all patients with leiomyosarcoma,
surgically treated between 2000 and 2015 and a minimum
Sfollow-up of 2 years, was drawn from institutional databases in
Belgium and the Netherlands. Postoperative complications were
reported with the Radiation Therapy Oncology Group (RTOG)
and the Henderson classification. Results: Seventy-five patients
were operated on, of whom 47 underwent (neo)adjuvant
therapy. Infection was observed in 11 patients, seven associated
with (neo)adjuvant radiotherapy. Dermatological complaints
were observed in 26 patients, 10 associated with (neo)adjuvant
radiotherapy. Overall survival was 60%. Local recurrence
occurred in 11 (15%) patients. Conclusion: This study describes
favourable  clinical outcome  following (neo)adjuvant
radiotherapy. In the future, larger databases on leiomyosarcoma
should enhance the power of these findings and define the
benefits of adjuvant therapy in leiomyosarcoma.

Leiomyosarcoma is a rare malignant tumour that can
originate in the soft tissue or bones. It most frequently occurs
in the middle aged to older population (50-70 years).
Leiomyosarcomas of the soft tissue preferentially occur in
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the retroperitoneum and the great blood vessels (i.e. vena
cava) and are divided into three groups: Uterine, abdominal
(retroperitoneum and gastro-intestinal) and non-visceral
(somatic) (1). In the limbs, leiomyosarcoma accounts for 2-
10% of all soft-tissue tumours. They can also arise from
bone but this is even rarer (1-4).

This study focused on leiomyosarcoma located in the limbs
(extremity leiomyosarcoma (eLMS). In such cases, the depth
can vary from (sub)cutaneous to intramuscular and the
neoplasm can even infiltrate the bone. In general, it presents as
a (small) local mass, without initial symptoms. However, the
tumour can compromise vital structures when expanding,
resulting in pain, neurological deficit and limb oedema (3, 5, 6).

Magnetic resonance imaging (MRI) generally shows an
isointense (T1), hypointense (T2) or hyperintense (T2 with
fat suppression) lesion with common relation to
neurovascular structures. Depending on its aggressivity, it
can appear to be inhomogeneous due to necrosis or display
central bleeding. Its presence can be well-circumscribed or
infiltrative with the surrounding tissue (7).

Histopathology is very characteristic, showing intersecting,
dense groups of spindle cells. Most tumours present as highly
cellular, although sections with fibrosis and myxoid tissue can
occur, especially in large tumours (5).

Immunocytology is positive for desmin, smooth muscle
actin and H-cadesmin, however these are not specific for
leiomyosarcoma (5). Candidate genes on chromosomes 1, 5,
12,17, 20 were investigated and found to have with possible
correlation with leiomyosarcoma (5).

For treatment of eLMS there are multiple modalities.
Surgery is often combined with (neo)adjuvant chemo- and
radiotherapy (RT), with the intent to increase local control
and overall survival while maintaining limb function (8, 9).
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In this multicentre retrospective, study our aims were to
evaluate (i) mid- to long-term event-free survival, (ii)
complications related to multimodality treatment, and (iii)
functional outcome in relation to the treatment modalities for
a population of patients with isolated eLMS.

Patients and Methods

Using institutional databases from four reference centres, we
retrospectively studied consecutive patients with primary eLMS
who were surgically treated between 2000 and 2015, with a
minimum follow-up of 2 years or who experienced an event before
2 years of follow-up.

Patients were recruited from institutional databases from
University Hospital Antwerp (n=7), Leiden University Medical
Centre (n=39), Institut Jules Bordet (n=25) and Cliniques
Universitaires Saint-Luc (n=4). Inclusion criteria were: Surgical
resection with curative intent, and histopathological confirmation of
eLMS. Exclusion criteria were retroperitoneal and uterine
leiomyosarcoma.

The following items were investigated: Tumour location, depth
(subcutaneous- subfascial), grade [Fédération Nationale des Centres
de Lutte Contre le Cancer (FNCLCC)] (10), size (cm), surgical
margins (R0-2) (11), additional therapy (chemo-/radiotherapy) and
complications (e.g. postoperative pain, biomechanical complaints,
dermatological problems, wound healing and infections).

Clinical outcome was documented at every follow-up visit
according to European Society for Medical Oncology guidelines:
Local recurrence (yearly MRI) and metastases, especially in the
lung, with chest radiographs every 3 months for the first 2 years,
every 6 months until 5 years and then annually (12).

With regard to diagnostic work-up, all patients underwent local
MRI with gadolinium, biopsy, computed tomography of the
chest/positron-emission  tomography—computed  tomography.
Seventy-five patients were eligible for the study; of these, 45 (60%)
were alive at final review after a median follow-up of 74 months.

Pleomorphic, myxoid, dedifferentiated, poorly differentiated or
no further specification subtypes are described in the literature. In
our population a great variety was present. The most common type
in our study was pleomorphic (30.2%) (Table I).

Statistical analysis. To avoid any kind of bias and misinterpretation
of the data, an independent statistician and Author of this study
carried out the statistical analysis. A Mann—Whitney U-test was used
to compare the quantitative variables. Chi-square test was used for
categorical variables. All time-to-event endpoints were calculated
using the Kaplan—Meier method. Log-rank test was used to compare
the survival distributions. A two-tailed probability value of less than
0.05 was considered statistically significant. Statistical analyses were
performed using SPSS, version 24.0 (IBM, Armonk, NY, USA).

Results

At the time of diagnosis, the average age of the included
patients was 63 (range=33-94) years. There was equal
distribution between male (n=42) and female (n=33) (1.3:1)
patients. The mean follow-up duration was 4 (range=0-15)
years. Because of postoperative complications (sepsis n=1;
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Table 1. Baseline characteristics and treatment modalities.

Baseline characteristic Value
Age, years Median (range) 63 (33-94)
Gender Male 42 (56)
Female 33 (44)
Tumour size at diagnosis, cm Median (range) 9.7 (1-22)
Location, n (%) Upper limb 14 (19)
Lower limb 61 (81)
Depth, n (%) Superficial 21 (28)
Intramuscular 54 (72)
FNCLCC grade, n (%) 1 4(5)
2 22 (29)
3 48 (64)
Not specified 1(1)
Treatment, n (%)
Surgery Amputation 11 (15)
Wide 24 (32)
Marginal 27 (36)
Intralesional 79)
Unknown 6 (8)
Adjuvant therapy Yes 1(1)
Neoadjuvant ChT No 74 (99)
Missing data 0
Yes 709)
Neoadjuvant RT No 68 (91)
Missing data 0
Yes 16 (21)
Adjuvant ChT No 59 (79)
Missing data 0
Yes 32 (43)
Adjuvant RT No 42 (56)
Missing data 1(1)

FNLCC: Fédération Nationale des Centres de Lutte Contre le Cancer;
ChT: chemotherapy; RT: radiotherapy.

perioperative bleeding n=1) follow-up was sometimes only a
few days; these two patients were excluded from further
analysis. The median tumour size was 9.7 cm (standard
deviation=5.0, range=1.0-22.0 cm) (Table I). Sub-fascial
location was given in 54 patients; 25 patients had accompanying
metastasis, which in 18 patients were located in the lungs.
However, invasion of lymph nodes (n=3), bone (n=4), kidney
(n=3), liver (n=2), retroperitoneum (n=1) was also reported.

Surgical resection with intended free margins was the
most common treatment (n=58; superficial in 14, deep in
44). RO, R1 or R2 were achieved in seven (three
superficial, four deep), 27 (five superficial, 22 deep) and 24
(six superficial, 18 deep) patients, respectively. Amputation
was performed in 11 patients (Table I). In six (8%) patients,
it was not possible to retrieve the type of resection from the
medical records. Reconstruction was performed with
endoprosthesis in three patients, inlay allograft in one patient
and seven patients underwent soft-tissue reconstruction (i.e.
split skin graft in three, vascular bypass in three and
musculocutaneous flap in one).
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(Neo)adjuvant therapy was administered to 47 (63%)
patients. The most common adjuvant therapy was
radiotherapy (RT) (n=32; 43%), followed by adjuvant
chemotherapy (n=16; 21%), neoadjuvant RT (n=7; 9%) and
finally neoadjuvant chemotherapy (n=1; 1%). For
neoadjuvant RT, a standard dose of 50 Gy (25x2 Gy) was
given. For adjuvant RT, the dose was higher, at an average
of 60 Gy, with a different distribution during therapy (higher
dosage at the beginning of treatment.)

Multimodality therapy (adjuvant RT and adjuvant
chemotherapy) was administered to 11 (15%) patients.
Chemotherapy included doxorubicin alone or in combination
with ifosfamide, adriamycin or etoposide. In this study,
trabectedin was used once as a palliative treatment.

Eleven (15%) patients were diagnosed with local
recurrence after a median time of 28 (range=6-96) months.
Kaplan—Meier analysis showed a significant influence of
adjuvant chemotherapy on local recurrence (Mann-Whitney
U-test, p=0.006).

Metastasis appeared in 30 (40%) patients. Overall, 20
(27%) patients had metastasis at a median of 16 (range=0-
93) months.

Multiple metastases at presentation were seen in six (8%)
patients. Within short-term follow-up (<2 years), metastases
were diagnosed in 22 (29%) patients in the following
locations: Lung in 17, lymph nodes in three, renal vein in
one, liver in one, and bone in two. At long-term follow-up
(>2 years) other patients presented with metastases in lung
in three, lymph nodes in one, bone in two, neck in one,
retroperitoneum in one, and liver in one. Multiple metastases
were present in eight (17%) patients and led to a significant
reduction in overall survival (Figure 1).

There were 30 (40%) mortalities, 21 (21/75; 28%) of which
were due to the progression of leiomyosarcoma. One patient
had a perioperative complication needing an amputation,
which was refused by the patient. The patient consequently
died less than 24 h later. Another patient died of postoperative
infection. These patients were excluded from further analysis.
For the remaining seven patients, the cause of death could not
be determined from the medical records.

The literature shows negative predictive factors for
survival and recurrence in extremity soft-tissue sarcomas to
be tumour size (>5 cm), grade (FNCLCC classification (26)
and depth (superficial versus deep). These factors were also
analysed in the current study (Figure 2). Patients with
primary non-metastatic eLMS were selected for evaluation
of these risk factors. No significant difference in overall
survival or local recurrence was observed for these risk
factors. Margins themselves were negatively associated with
local recurrence (Figure 3), however, not with overall
survival. In that regard, tumour grade is more important (13).

Complications that were analysed are shown in Table II.
Postoperative pain was described in 12 patients. Functional

Overall survival in relation to the presence of metastasis
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Figure 1. Overall survival function according to distal metastasis
(p<0.05).

complaints were voiced by one patient with soft-tissue
reconstruction after resection. Postoperative infection was
observed in 11 (15%) patients. Of these 11 patients seven
received (neo)adjuvant, six adjuvant and one neoadjuvant
RT. Dermatological symptoms (i.e. dermatitis or superficial
burns), nearly all temporary, were seen in 26 (35%) out of
75 patients, in 10 of whom this was during and after
adjuvant RT in 32 (10/32, 31%) (Table III).

Discussion

To the best of our knowledge, to date no study has described
the oncological and clinical outcome of eLMS. We thus
attempted to answer the question whether they behave
differently than other soft-tissue sarcomas and whether
treatment or follow-up should be altered.

At the four centres, a resection with wide margins was the
first treatment goal. However, this was not always achievable
due to tumour size and adjacent neurovascular structures. For
the purpose of limb salvage, a marginal to intralesional
resection with or without reconstruction of soft tissue,
vascular bundle or replacement with artificial joint was
considered the best treatment possibility. This depended on
the presence of distant metastases at presentation, the
patient’s age and tumour location. In a small percentage of
the cases where the neurovascular bundle was involved by
the tumour, amputation was the only surgical solution with
intent for cure. During the study period, the incorporation of
(neo)adjuvant therapy became more and more the standard
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Figure 2. Local recurrence (left) and survival (right) according to tumour size (cut-off 5 cm) (A), location in regard to fascia (above versus below)
(B), and according to Fédération Nationale des Centres de Lutte Contre le Cancer tumour grade (Grade: Low: 1; high: 2-3) (C).
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RO versus R1-2 resection
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Figure 3. Influence of resection type on local recurrencel/local control
(RO versus R1-2 resection). No significant difference was found.

of therapy. (Neo)adjuvant RT particularly gained popularity
in the multimodality treatment of eLMS in our study
population. A review of the literature showed that the initial
idea, namely creating a proper wide resection with free
tumour margins, is mandatory for the best chance for
survival (8); this has been discussed anew and over-ruled (1,
14). Positive surgical margins give less local control but
were described by Harati et al. as being of no significant
influence in overall survival and dissemination (1).
Regarding these findings, other factors for overall survival
must be of more importance than local control. Harati et al.
stated for eLMS, head, neck and the trunk wall that
histological grade was a significant prognostic factor for
local recurrence and disease-free survival and was associated
with tumour size and depth (1). Our study agrees with these
results, however, only the size of the tumour led to a
significant difference in survival.

As mentioned, (neo)adjuvant therapy is more often
combined with surgery to obtain better local control. Given
the current literature, data on (neo)adjuvant therapy,
especially RT, in eLMS are limited and therefore clinical
outcome post-radiation was documented in this study using
the Radiation Therapy Oncology Group classification (1, 9,
14, 15). Although acute postoperative complications due to
neoadjuvant RT often lead to second operations such as
wound debridement and flap reconstruction, in the long-term,
fewer surgical complications but more RT-associated
disabilities occur. In the case of neoadjuvant RT, less fibrosis

Table II. Multiple and variable location of metastasis.

Median follow-up time to metastasis (range), months 16 (0-92)

Number of patients 30

Location, n (%)
Multiple 8 (27%)
Lung 20 (67%)
Bone 6 (20%)
Lymph nodes 4 (13%)
Liver 3 (10%)
Kidney 2 (7%)
Adrenal gland 1 (3%)
Retroperitoneum 1 (3%)
Brain 1 (3%)
Neck 1 (3%)
Unknown 7 (23%)

and subcutaneous necrosis is seen since better planning is
possible and the tumour is easier to delineate (9). This was
confirmed in our study, where wound infection and
dermatitis were the most common complications, both non-
significant, following surgery combined with neoadjuvant
RT. These symptoms mostly presented in the acute setting
and did not cause significant discomfort in the long term.

(Neo)adjuvant chemotherapy is less often combined with
RT in the treatment of leiomyosarcoma. Our study had only
one patient who received neoadjuvant chemotherapy without
RT. Therefore, the possible effects of neoadjuvant
chemotherapy remain under discussion for both eLMS and
other soft-tissue sarcomas of the extremities. High-grade,
deep and large (>5 cm) soft-tissue sarcomas are regarded as
possible candidates for chemotherapy, although benefits and
toxicity are not yet in perfect equilibrium (16, 17). A recent
meta-analysis confirmed that conventional chemotherapy
does not contribute to better overall survival and therefore
chemotherapy is generally not used for such tumours (18).
The best-known chemotherapy is the combination of the
anthracyclines doxorubicin and ifosfamide (16, 17). Gronchi
et al. compared the use of histiotype-tailored chemotherapy
(gemcitabine and carbazapine for leiomyosarcoma) with
standard chemotherapy. No significant difference in overall
survival was seen, with doses in both groups needing to be
reduced due to toxicity (16).

A new adjuvant treatment is trabectedin, a novel agent that
prolongs survival, especially in patients with uterine
leiomyosarcoma. This angiogenesis inhibitor has been
reported to induce more response in tumours with loss of
expression of breast cancer 1 (BRCAL1), e.g. breast cancer.
Uterine leiomyosarcoma also shows a loss of expression of
BRCAT1 and therefore good results (19). This association has
not yet been described for non-visceral tumours. However,
Galizia et al. published a case report on a leiomyosarcoma
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Table III. Postoperative complications of (neo)adjuvant radiotherapy.

General Adjuvant radiotherapy Neoadjuvant radiotherapy
Postoperative complication n (%) Total, Missing n (%) Total, Missing n (%) Total, Missing
n data, n n data, n n data, n
Infection 11 (15%) 73 2 6 (19%) 31 3 1 (17%) 6 2
Skin (dermatitis) 29 (39%) 75 0 12 (39%) 31 2 4 (57%) 7 1
Biomechanical limits 2 (3%) 73 2 0 (0%) 11 0 0 (0%) 7 2
Pain 13 (18%) 73 2 5 (17%) 30 4 1 (17%) 6 3

of the thigh with lung metastasis, where stable disease was
achieved for 17 months (20). Further investigation is needed
to determine systemic possibilities for the treatment of
(metastatic) leiomyosarcoma not originating from the uterus.
This remains a challenge for future investigations of
leiomyosarcoma and soft-tissue sarcomas in general. If
proper treatment can be administered, this might contribute
to a reduction in distal metastasis and therefore improve
overall survival.

When reviewing the literature, other studies were seen to
have obtained significant results concerning tumour
behaviour and association with histological grade of
leiomyosarcoma (1, 21). Harati ef al. confirmed that the
resection margin is not significant as compared to the tumour
grade, location and size (1). A deeper and larger tumour
confers a poorer outcome, certainly when its histological
grade is higher (1, 21).

For the time being, patient-specific treatment of eLMS is
the priority because patients often present at higher age and
with associated comorbidities. These patient characteristics
are of major importance in custom tailoring the best
treatment, for example, avoiding the risk of RT in a patient
with diabetes and venous deficiency.

Limitations of this study are its retrospective nature and
the small study population. The retrospective nature
contributed to the difficulty experienced in obtaining all
necessary information since medical files were not digitised
before 2007. This can be avoided in future studies.

In conclusion, soft-tissue sarcomas and eLMS remain a
challenge to treat. As for many pathologies, the treatment
has undergone considerable evolution over the years and
more possible treatment modalities are yet to come.
Whether eLMS behave much differently than other soft-
tissue sarcomas of the extremities with regard to known
risk factors, treatment outcome, and survival is not clearly
known. Retrospective studies analysed soft-tissue sarcomas
of the extremities in general, with eLMS as a possible
diagnosis. In that respect, some risk factors are of
importance in predicting local recurrence or overall
survival (13). New treatment options are continuously
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being investigated to improve overall survival and local
control. Systemic, immuno-, and targeted therapy have to
prove their efficacy in addition to generally used
(neo)adjuvant radiotherapy.
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