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Abstract

Introduction: Myxoid liposarcoma (MLS) is a rare, malignant
musculoskeletal tumour. Due to the rarity of MLS, the factors associ-
ated with survival remain only partially understood. The aim of this
retrospective study was to identify prognostic factors in patients
with extremity MLS treated at our centre.
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Methods: We reviewed the clinical records of 60 patients with
extremity MLS treated at our hospital from 1997 to 2017. We evalu-
ated patient- and tumour-related characteristics, as well as diagnos-
tic and therapeutic procedures to determine their association with
clinical outcomes, including local Recurrence-Free Survival (RFS),
Metastasis-Free Survival (MFS) and Overall Survival (OS). Survival
data were analyzed with the Kaplan-Meier method. Multivariate
analyses were performed with Cox proportional-hazards regres-
sion.
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Results: Overall survival at 5 years was 91%. On the multivariate
analysis, surgical margins were an independent risk factor for MFS
(Hazard Ratio [HR]: 10.98, 95% Confidence Interval [Cl]:2.59-46.46),
local RFS (HR: 9.34, 95% Cl: 1.75-49.68), and OS (HR: 27.90, 95% Cl:
5.01-155.50) (all p=0.001). Revision surgery was significantly asso-
ciated (p=0.001) with higher local recurrence rates (HR: 99.13, 95%
Cl: 6.90-1423).

Conclusions: Surgical margins were an independent risk factor
for MFS, local RFS, and OS. The need for revision surgery due to an
unplanned excision was strongly associated with an increased risk
of local recurrence, but not with MFS or OS. These findings under-
score the importance of achieving clear surgical margins, especially
in patients undergoing second-look surgery.

Keywords: Myxoid liposarcoma; Surgical Margins; Revision Sur-
gery; Overall Survival; Local Recurrence-Free Survival.

supported by the detection of the characteristic chromosomal
recurrent translocation, t (12;16) (q13;p11), which is present
in > 95% of cases and indicates the aberrant fusion gene FUS-
CHOP/DDIT3 [4]. Prognostic factors include age at diagnosis, tu-
mour size and grade, depth, and surgical margins [5].

Introduction

Myxoid liposarcoma (MLS) is a rare, malignant musculosk-
eletal tumour composed of uniform, round to ovoid cells with
variable numbers of lipoblasts, set in a myxoidstroma with a
branching capillary vasculature. MLS accounts for approximate-

ly 20%-30% of all liposarcomas and 5% of all soft tissue sarco-
mas in adults, without significant sex predilection [1]. MLS typi-
cally presents as large, painless masses. Retroperitoneal MLS is
usually due to a metastasis (M1) [2]. Multifocal disease, either
synchronous or metachronous, indicates the presence of dis-
tant soft tissue metastases of monoclonal origin [3]. Diagnosis is

Currently, the mainstay of treatment for extremity MLS is
wide excision surgery. Adjuvant radiotherapy plays an increas-
ingly important role in the treatment of MLS, especially for the
control of local recurrence. In fact, radiotherapy, with or with-
out chemotherapy, has become common in the treatment of
MLS [6]. Compared to other soft tissue sarcomas, MLS is re-
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sponsive to chemotherapy, particularly anthracycline-based
combinations and ifosfamide. In recent years, the combination
of surgery, radiotherapy, and chemotherapy has been increas-
ingly used to lower recurrence rates and increase both local
control and overall survival (OS) [7]. Nevertheless, it is not clear
which clinical and demographic variables have the greatest im-
pact on survival outcomes.

In this context, we reviewed the clinical records of patients
treated for extremity MLS at our institution in order to identify
the variables that were independently associated with survival
outcomes in this patient population.

Materials and Methods

This retrospective study included 60 patients treated for ex-
tremity MLS at our hospital (Hospital de la Santa Creu i Sant
Pau; Barcelona, Spain) from 1997 to 2017. The study variables
were evaluated to identify those that were independently as-
sociated with survival outcomes. We did not assess the influ-
ence of these variables by group or category. The following
variables were included: patient characteristics (age and sex);
tumour characteristics (size, location, stage, and histology); di-
agnostic and therapeutic procedures (type of surgery, margins,
complications, neoadjuvant and adjuvant therapies). Survival
outcomes were local Recurrence-Free Survival (RFS), Metasta-
sis-Free Survival (MFS), and OS.

We included all patients with a pathological diagnosis of
extremity MLS who underwent primary surgery at our centre.
All of these patients underwent general examination before
treatment, including magnetic resonance imaging (MRI) of the
tumour. The diagnosis was based on clinical and imaging data,
and confirmed preoperatively by biopsy and postoperatively by
pathological examination of the resected tissue.

We also included patients referred from other centres for
second-look surgery after an unplanned excision. Thus, the
study included two patient profiles: patients who were diag-
nosed and underwent primary surgery at our hospital (n=45)
and patients who underwent second-look surgery at our hos-
pital (n=15). All of these patients had a marginal resection at
some part of the tumour and all underwent MRI after the initial
surgery, without evidence of macroscopic residual tumour at
the surgical site.

Exclusion criteria were: (i) metastasis during initial treat-
ment at our centre, (ii) incomplete clinical, radiographic, and/or
pathologic records; (iii) lack of standardized follow-up data; (iv)
death from other causes.

Follow-up time was calculated from the initial surgery until
the final follow-up examination in the year 2019. All data were
obtained from clinical records.

All cases (both primary and second-look patients) were re-
viewed by the multidisciplinary tumour board to select the
most appropriate treatment. In all cases, the primary treatment
decision was wide-margin surgery, which was performed in an
attempt to completely eliminate the tumour tissue, according
to International Union against Cancer (UICC) standards (RO re-
section) [8]. In cases in which the tumour was located adjacent
to critical structures (e.g., nerves, blood vessels, or bones), a
planned marginal surgery was accepted (R1).

Most of the patients (57/60; 95%) underwent pre- or post-
operative radiotherapy. However, in three cases (second-look
surgery subgroup), radiotherapy was not considered necessary

due to the expanded margins.

Chemotherapy was administered as appropriate in accor-
dance with the tumour size, grade, and location. The chemo-
therapy type and schedule were based on the Spanish Sarcoma
Research Group (GEIS) protocol in place at the time of treat-
ment. This protocol consisted of three or five cycles of epiru-
bicin (60mg/m2, days 1-2) or adriamycin (60-75mg/m2) plus
ifosfamide (3g/m2, days 1-3) administered every 21 days.

During the postoperative follow-up, the patients were re-ex-
amined every 3 months for the first two years, every 6 months
from years two to five, and annually thereafter. Local disease
control, metastases and survival outcomes were recorded.

Statistical Analysis

All survival data were analysed using the Kaplan-Meier meth-
od. Multivariate statistics were performed using the Cox pro-
portional-hazards regression model. Multiple comparisons of
specific values between the groups were performed. Analysis of
variance and chi-square tests were used for comparisons. Differ-
ences were considered statistically significant at p<0.05. The Sta-
ta statistical software package (v. 14) was used for data analysis.

Results
General Results

A total of 60 patients (36 men, 24 women) with extremity
MLS were included. The mean age was 47.1 years and the mean
tumour diameter was 11.5 cm. Most tumours (n=58) were lo-
cated in the lower extremities. Distribution according to cancer
stage (AJCC TNM system) was as follows: stage 1 (36.7%), stage
2 (46.7%), and stage 3 (16.7%).

Wide resection (R0) was achieved in 49 patients and mar-
ginal resection (R1) in 11 patients. Most patients (95%) received
radiotherapy and 38.3% received chemotherapy (Table 1).

Table 1: Clinical and demographic characteristics of the patients (n=60)
with primary extremity myxoid liposarcoma.

Characteristic N (%)*

Age, mean (range) 47.1 (19-79)
Sex

Male 36 (60)

Female 24 (40)
Tumour location

Upper extremity 2(3.3)

Lower extremity 58 (96.7)

Mean tumour size, cm (range) 11.51 (4.5-29)
Stage

I 22 (36.7)

I 28 (46.7)

Il 10 (16.7)
Surgical margins

Wide 49 (81.7)

Marginal 11 (18.3)

Chemotherapy 23 (38.3)

Radiotherapy 57 (95)

*All results given as N (%) unless indicated otherwise.
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Overall Survival

The mean follow-up period was 115.1 months (range, 24-
264). A total of eight MLS-related deaths (13.3%) were ob-
served during follow-up. Five-year OS was 91.0% (95% Confi-
dence Interval [Cl]: 82.3—97.5).0f the 11 patients (18.3%) with
an R1 resection, six (54.6%) died from disease-related causes a
few years after surgery (Table 2).

On the multivariate analysis, surgical margins were an inde-
pendent risk factor for OS (Figure 1). R1 resections were signifi-
cantly associated (p=0.001) with worse OS: Hazard Ratio (HR) =
27.90 (£ 24.45) (95% Cl: 5.01-155.50).

Kaplan-Meier survival estimates
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Figure 1: Kaplan-Meier curves showing the effect of surgical resec-
tion on overall survival.

Kaplan-Meier survival estimates

(=1
A &
['ed
h—_ .
o
Q
I.Q -
o
wn
E\! <
o
8|
o T T T T T T T
0 3 6 ) 12 15 18 21
years
Number at risk
SurgicalMargins =0 49 43 28 21 16 7 5 3
SurgicalMargins =1 11 6 3 1 1 0 0 0
SurgicalMargins = 0 SurgicalMargins = 1
- Kaplan-Meier survival estimates
B 8 1
@ |
o
=]
w -
(=]
w
E\.! -
o
[=1
o
S T T T T T T T
0 3 6 9 12 15 18 21
years
Number at risk
SurgicalMargins =0 49 45 3 24 20 10 8 3
SurgicalMargins =1 11 6 3 o] 4] 0 4] 0

SurgicalMargins = 0 SurgicalMargins = 1 |

Figure 2: Kaplan-Meier curves showing the effect of surgical resec-
tion on tumour recurrence (A) and metastasis (B).

Table 2: Recurrence and metastases according to surgical resection
status (RO vs. R1).

RO Surgery R1 Surgery Total
No recurrence, No M1 40 4 44
Recurrence alone 6 1 7
Recurrence plus M1 0 3 3
M1 alone 3 3 6
49 11 60

On the multivariate analysis, tumour recurrence rates dif-
fered significantly between the two types of surgical resection
(RO vs. R1): x>=5.76, Pr> chi2=0.016, with an HR (+ standard de-
viation [SD]) of 9.34 (+ 7.96) (95% Cl: 1.75-49.68). A significant
between-group difference was also observed for metastasis:
x?=20.64, Pr>chi2=0.001, with an HR of 10.98 (+8.08); 95% Cl:
2.59-46.46) (Figure 2).

In the primary surgery group (n=45), the resection was con-
sidered RO in 82.2% (n=37) of patients and R1in 17.8% (n=8). In
the second-look group (n=15), 80% of patients (n=12) had an RO
resection and 20% R1 (n=3).

Recurrences were observed in 10 patients, mainly in the sec-
ond-look group, in which eight patients (53.3%) developed local
recurrence, and three of those eight patients developed distant
metastases. No association was observed between second-
look surgery and metastasis, but there was a significant asso-
ciation between second-look surgery and recurrence; x?=21.55,
Pr>chi2=0.001; HR: 99.13 +/- 134.73 (95% Cl: 6.91-1423.03).

On the univariate analysis, five-year local RFS was 52.5%
(95% Cl: 26.5 - 75) in the second-look group and 86.5% (95% Cl:
79.5-100) in the primary surgery group (Figure 3).
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Figure 3: Kaplan-Meier curves showing the influence of second-
look surgery on tumour recurrence.

Influence of Radiotherapy and Chemotherapy on Survival
Outcomes

Most patients (57/60; 95%) underwent neoadjuvant or ad-
juvant radiotherapy (60 Gy). The remaining three patients (5%)
did not require radiotherapy due to the wide margins achieved
in the second-look surgery.

A total of 23 patients (38.3%) received pre- or post-operative
chemotherapy (epirubicin or adriamycin plus ifosfamide). Of
these, four (17.4%) developed a recurrence, two of whom later
developed metastases. Five other patients who received che-
motherapy (21.7%) developed metastases without local recur-
rence and all five later died from the disease.
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We found no significant association between chemotherapy
or radiotherapy and OS, local recurrence, or metastasis.

Discussion

In this study, we evaluated a series of clinical and demo-
graphic variables to determine their influence on survival out-
comes in patients who underwent primary or second-look sur-
gery for extremity MLS at our hospital. Overall survival was 91%
at 5 years. Only two variables - surgical margins and revision
surgery - were significantly associated with survival. Surgical
margins were an independent risk factor for MFS (HR: 10.98),
local RFS (HR: 9.34), and OS (HR: 27.90). Second-look surgery
was associated with significantly higher local recurrence rates
(HR: 99.13, p=0.001), although no between-group differences
were observed for MFS or OS.

The resection margin is one of the most important factors
affecting survival in patients with many cancers, including soft-
tissue sarcomas [9]. The recommended treatment for soft-tis-
sue sarcoma is wide-resection surgery; however, this approach
is not feasible for some extensive tumours. Importantly, one
study found that the recurrence rate in patients with R1 and RO
margins was similar after eight years of follow-up [10]. Never-
theless, Zheng et al. found that wide resections were associated
with lower local recurrence rates than marginal resections, but
without significant between-group differences in survival out-
comes [11]. On the other hand, in a study involving 48 patients,
Muratori et al. found that surgical margins were associated with
both MFS and OS, but not with local RFS [12].

Although the role of chemotherapy in the treatment of soft
tissue sarcoma remains controversial, adjuvant chemotherapy
is recommended in high-grade and large MLS tumours, which
have shown good chemosensitivity to different chemothera-
peutic agents [13]. In our series, 23 patients received chemo-
therapy (epirubicin and ifosfamide) and seven later died of
the disease. Despite the high mortality rate in this subgroup
(30.4%), this does not necessarily indicate a lack of efficacy for
chemotherapy; rather, it reflects the advanced disease in these
patients, which is why they received adjuvant chemotherapy.

Similar to other cancers, the disease stage is an important
prognostic factor for soft tissue sarcomas and advanced stages
are associated with a worse prognosis [14]. Surprisingly, how-
ever, disease stage was not an independent risk factor in our
cohort for any of the survival measures. Although the reason for
this unexpected finding it not clear, we believe that it is due to
the sample size and the staging system (TNM), which resulted
in many small subgroups. Our results might have been different
if we had classified patients into low- and high-grade disease
instead, or used the Enneking staging system.

Although radiotherapy for extremity MLS can be performed
in both the pre- and post-operative settings, pre-operative ra-
diotherapy offers several potential advantages, including a
lower rate of late complications, lower radiation doses, and the
potential to improve tumour resacability [15]. Chung et al. eval-
uated radiotherapy in 88 patients with marginal resections, re-
porting a five-year local RFS of 98%, with only two recurrences
[16]. In our series, all but three of the patients received radio-
therapy. Given that most patients (95%) in our series received
radiotherapy, we are unable to draw any definitive conclusion
regarding the clinical efficacy of radiotherapy, which would re-
quire a control group to permit direct comparisons.

It is estimated that 19% to 53% of patients from other hospi-
tals are referred to specialized sarcoma centres after unplanned
excisions. The risk of residual disease in patients who undergo
unplanned resections ranges from 24%-60% [17]. Tumour re-
currence is 2.2 times more common in these patients than in
those who had received appropriate work-up prior to surgery
[18]. In most cases, unplanned resection of soft tissue sarcomas
leads to incomplete tumour resections [19]. Chandrasekar et
al. found that residual tumours were present in approximately
60% of revision surgeries performed to correct insufficient mar-
gins [20]. Other studies have found that local relapse and me-
tastasis rates are greater in patients who undergo second-look
surgery [21].

Standardized surgery in a specialized cancer centre could
benefit patients with extremity MLS. Although our data suggest
that chemotherapy and radiotherapy may be useful for MLS,
we cannot make any definitive claims in that regard due to the
retrospective study design.

This study has several limitations, mainly the retrospective
study design, which impedes our ability to evaluate the influ-
ence of adjuvant treatments (e.g., chemotherapy), which were
prescribed selectively according to the cancer stage. As a result,
we cannot reach any definitive conclusions regarding the use of
surgery alone or surgery plus chemotherapy. By contrast, anim-
portant strength is the large sample size (n=60), which is among
the larger cohorts reported to date for this rare cancer type.

Conclusions

Surgical margins were found to be independent risk factor of
MFS, local RFS, and OS. By contrast, cancer stage, radiotherapy,
and chemotherapy were not independent risk factors for any of
the survival outcomes.

In our series, revision surgery to correct insufficient margins
due to an unplanned excision was strongly associated with a
significant increase in local recurrence, but not with MFS or OS.
These findings underscore the importance of achieving clear
surgical margins, especially in patients undergoing second-look
surgery, who should be referred to a tertiary care centre when-
ever possible.
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