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Abstract. Myxoid liposarcoma (MLPS) is the second most
common type of LPS after the well differentiated LPS. MLPS
is primarily localized to the extremities. The incidence of
LPS is ~2 per million worldwide. MLPS accounts for ~30%
of all LPS cases. MLPS is usually encountered in adults,
but can also occur in younger individuals more than other
types of LPS. MLPS can be divided into low- and high-grade
subtypes, which present with differences in patient prognosis
and outcome. Methods of tumor management include surgery,
radiotherapy and chemotherapy; however, there is no unified
treatment based on tumor characteristics alone. The present
manuscript reviews the surgical management, radiotherapeutic
and chemotherapeutic approaches reported in the literature
for different types of MLPS in the extremities, as well as
the post-treatment outcomes. In addition, the present review
provides an evidence-based management plan for MLPS in the
form of an organogram based on specific tumor and patient
parameters.
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1. Introduction

Myxoid liposarcoma (MLPS) is the second most common
subtype of LPS, accounting for 30% of all cases of LPS and
10% of all soft tissue sarcomas (STSs) (1). MLPS is most
frequently localized to the deep tissues of the thigh (2),
and has a distinct morphology, clinical course, molecular
markers and chromosomal translocation. MLPS can be
divided into two subgroups: i) Low grade, also known as pure
MLPS; and ii) high grade, also known as round cell (RC)
LPS (3). Differentiation between these two subtypes relies
on cellular framework with an accepted cut-off of 5% for
the universally accepted RC component (RCC) (4). Previous
studies have shown that the percentage of the hypercellular
component is strongly associated with impaired outcome,
higher incidence of distant metastasis and poorer prognosis,
but with no differentiation by management between the two
subtypes (5,6).

Surgical resection with adjuvant radiotherapy (RT) and
possible chemotherapy is the primary management option
for MLPS (5,7). Several studies have investigated the clinical
management outcomes of MLPS, but could not identify a
single, unified strategy (5,7). Lack of a well-defined protocol
increases the risk of local and distant relapses, negatively
impacting patient overall survival (OS) (6). The aim of the
present study was to establish an updated algorithm for the
multidisciplinary management of MLPS, addressing the roles
of surgical resection, chemotherapy and RT in optimizing
overall patient prognosis. The study encompasses an individu-
alized approach incorporating demographic, prognostic and
specific tumor prognostic parameters.

2. Search methodology

Search strategy. Research engine search was conducted
on the second week of January 2021 using the PubMed
(https:/pubmed.ncbi.nlm.nih.gov/), Medline (https://ovidsp.
dc2.ovid.com/ovid-a/ovidweb.cgi), Scopus (https:/www.
scopus.com/search/form.uri?display=basic#basic) and Google
Scholar databases (https:/scholar.google.com/). The medical
subject headings (MeSH) and terms used at the start of our
search strategy were as follows: ‘Myxoid liposarcoma’,
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‘liposarcoma’, ‘prognostic factors’, ‘adjuvant chemotherapy’,
‘adjuvant radiotherapy’, ‘postoperative radiotherapy’ and
‘round cell myxoid liposarcoma’. For further information
regarding current trials, the ClinicalTrials.gov Registry
Platform (https://clinicaltrials.gov/ct2/home) was searched
using the following three MeSH terms: ‘Myxoid liposarcoma’,
‘adjuvant radiotherapy’, ‘liposarcoma’ and ‘chemotherapy’.
Randomized and non-randomized trials, observational studies
and case studies were included. Search language was restricted
to English.

Inclusion and exclusion criteria. The retrieved databases
were independently screened starting with the title, then
the abstract; finally, full-text articles were reviewed. Studies
about MLPS alone and different types of LPS (including the
subtype MLPS) were included. The studies mainly tackled
pathophysiology, histology, prognostic parameters and
treatment modalities (surgical and non-surgical). Studies
not involving MLPS, review articles, studies performed on
animals, studies on the molecular aspect of MLPS, studies
on MLPS of the trunk only, studies of retroperitoneal MLPS,
non-English written studies and Abstracts were excluded.
The data were extracted and summarized in a uniform excel
sheet format. The excel sheet consisted mainly of the author,
years, numbers of cases, treatment, follow-ups, outcomes
and conclusion. The information from the retrieved studies
that was not relevant to the present study was not added
to the excel sheet. The current review aimed to develop an
integrated algorithm that combined the available extracted
literature focusing on the treatment modality outcomes
and the prognostic values to help guide toward favoring a
treatment over another.

Quality assessment. The risks of bias were assessed indepen-
dently by two of the authors. A revised tool to assess risk of
bias in randomized clinical trials (RCTs), known as the risk
of bias 2 (2019 version) was used for RCT risk of bias (8).
The updated version of the tool is structured into six domains
accompanied by signaling questions. The six domains were
as follows: i) Bias arising from the randomization process;
ii) bias due to deviations from intended interventions (effect
of assignment to intervention); iii) bias due to deviations from
intended interventions (effect of adhering to intervention);
iv) bias due to missing outcome data; v) bias in measurement
of the outcome; and vi) bias in selection of the reported result.
Each item was recorded as ‘high risk’, ‘low risk’ or ‘some
concern risk’.

The ‘Newcastle-Ottawa Quality Assessment Form for
Cohort Studies’ was used for quality assessment of the included
cohort studies (9). The quality of each study was further graded
as ‘good’, ‘fair’ or “poor’ according to the points it received in
different components.

The included articles were critically reviewed by the
authors of the present review, who are orthopedic surgeons
and orthopedic oncologists for basic assessment of confidence
levels of each article. Confidence level was not assigned
specifically, but only those assigned to a high quality study
relevant to the subject were considered for recommendation
and analysis. Any inconsistencies were managed through
discussions among authors.

3. Study compilation and algorithm

A total of 3 RCTs, 1 ongoing RCT, 5 prospective studies
(1 randomized), 1 case study and 27 retrospective studies were
selected (Table SI). The main stratification of the algorithm
was based on the size of the tumor (<5, 5-10 and >10 cm).
The second stratification was based on the depth of the tumor
[superficial (histology, type of resection and location) for
further adjuvant or neoadjuvant treatment if needed, or deep].
Each patient was then stratified according to its demographical
and tumor characteristics.

4. Prognostic factors of MLPS

Age. Multiple prognostic factors influence the OS and
cancer-specific survival of patients with MLPS (10).
Historically, age has been considered a major attributor to the
overall natural progression of MLPS, and thus stratification
of management should be conducted based on age cut-offs
for optimization of care with the most effective modality.
Wu et al (11) demonstrated that increased age was associated
with poorer OS and cancer-specific survival in patients with
MLPS. An age of >30 years was shown to be an independent
risk factor for poorer OS, and patients >60 years of age had a
worse prognosis than those >30 years old (11). Another study
indicated that an age of >60 years was an independent predictor
of worse OS and disease-free survival (DFS) for extremity and
trunk MLPS (12). In addition, an epidemiological study (13)
on the prognostic factors of MLPS revealed that patients
>40 years of age had a higher probability of developing RC
tumors, which was itself a predictor of worse DFS. Although
a specific age was not identified, elderly patients had a higher
tendency to acquire MLPS with a greater percentage of RC
tumors (13). In a study of the effects of age and histology on
operable LPS, Greto et al (14) found that patients >65 years of
age had a higher risk of high grade histology and local recur-
rence (LR) over a follow-up period of 8.6 years. In a study
of 95 patients with MLPS with or without RC differentiation,
an age of >45 years, tumor size of >10 cm (significant only
with univariate analysis) and tumor necrosis were all found to
be associated with a worse OS (15). The hypothetical sugges-
tions behind age and poor prognosis are a decrease in patient
immunity and inferior host DNA repair mechanisms, which
result in a higher probability of mismatch errors, and cause
oncogene activation and/or amplification or defects in tumor
suppressor genes (16). A study conducted at the University of
Groningen Medical Center revealed that patients >45 years
old had the worst prognosis (17). Diirr et al (10) found that
patients with MLPS aged between 45 and 60 years had a worse
prognosis for OS. This finding was reinforced by multivariate
analysis in a number of other studies (15,18,19). A nomogram
of 2,163 patients with STS was constructed by the Memorial
Sloan-Kettering Cancer Center to analyze the disease-specific
survival (DSS) of common types of STS (20). The major
predictors of survival were listed, including age, and it was
demonstrated that patients >65 years old had a 6% reduction
of 8 years DSS compared with those >45 years old (18). On the
other hand, a study conducted at the Cleveland Clinic revealed
no significant difference in prognosis between patients older
or younger than 45 years of age (19). Additionally, various
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studies conducted in the early 1990s have shown that age at
diagnosis has no prognostic value (21,22). The median age of
MLPS presentation is 45 years, and most studies have selected
45 years as the cut-off value to assess the prognosis of patients
with MLPS, primarily since it provides the strongest statistical
power (23). However, when 45-year-old patients were compared
with those between 60 and 65 years old (as is the case in the
majority of reported studies), it was well established that a
higher age was associated with a poorer prognosis (14,15).
Thus, age is as an impactful influencing factor for patients
with MLPS. As such, in the present study, an organogram or
algorithm was constructed using an age of >65 years (+5 years)
as the cut-off for the need for any additional or more aggres-
sive therapeutic intervention (Figs. 1-3), in view of its negative
prognostic value.

Histology. Multiple subtypes of LPS exist, including pleo-
morphic, well-differentiated myxoid and RC. RC is the less
differentiated form of MLPS, and both can be frequently
found in the same tumor (19). Fiore et al (6) studied the
prognostic factors of multiple subtypes of MLPS, and found
that RCLPS (which is graded as type II or III in contrast to
pure MLPS, also known as grade I) exhibited more aggres-
sive behavior, with a 22% incidence of distant metastasis,
compared with 5% in primary MLPS. In a retrospective
study of 49 patients on the clinicopathological prognostic
factors of MLPS, ten Heuvel et al (17) established that
patents with MLPS and >5% RCC had a higher tendency
to develop metastasis, with an associated poorer survival
(P=0.0004 and P=0.03 from univariate and multivariate
analysis, respectively). This finding was further reinforced
by Antonescu et al (18) (P=0.01 and P=0.02 from univariate
and multivariate analysis, respectively). Furthermore,
Smith et al (19) revealed that >5% RCC is a factor for poorer
prognosis in univariate analysis only (P<0.05). In the Mayo
Clinic study, 35% of the 14 patients with MLPS (5-25%
RCC) developed metastasis, and 29% died from the disease,
although this finding was not statistically significant (15).
For patients with >25% RCC, 58% succumbed to associ-
ated metastases and 54% died from causes associated with
the primary tumor, which was statistically significantly in
both univariate and multivariate analyses (15). Evans (24)
observed a similar finding regarding the effect of MLPS with
25% RC on OS, although the sample size was small. Patients
with pure RCMLPS have a poorer prognosis than those with
pure MLPS. Several cut-offs have been listed to identify
which range of RCC would be the best attributor of overall
prognosis (as stated in the aforementioned studies) (15,17,18).
Nevertheless, other studies have stated that any RC compo-
nent is associated with poorer outcome (3,17,19,25,26). For
example, Haniball et al (4) investigated the prognostic factors
associated with MLPS, and demonstrated that a higher RCC
predicts a worse survival outcome. Thus, it was concluded
that patients with >5% RCC should be considered for adju-
vant RT and/or chemotherapy (4,27). Histological prognosis
of RCMLPS was also demonstrated by Bartlett er al (28),
regarding its impact on survival and LR. In addition, the
importance of adjuvant RT was further elucidated by
Yang et al (29), Pisters et al (30) and Harrison et al (31),
who determined that high-grade LPS (i.e. RC) was highly
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affected by adjuvant RT, which prevents LR post-limb salvage
surgery. However, 5% RCC was selected as a cut-off for more
aggressive surgical and non-surgical treatment in the present
study, as shown in Fig. 1. In addition, since grading is the
most impactful factor of prognosis compared with size, age
and location (as indicated by the nomogram constructed by
the Memorial Sloan-Kettering Cancer Center) (20), the safest
surgical and non-surgical treatment was selected where
applicable to decrease the risk of LR where possible (32).
Nevertheless, it is important to mention that this nomogram
was constructed for all histological LPSs, including MLPS.

Size. The average size of MLPS is ~8-12 cm, with a range
between 1.5 and 25 cm (10). Several studies have discussed
the prognostic value of tumor size in patients with MLPS.
Orson et al (33) and Reitan et al (34) both demonstrated that
larger tumors were associated with poorer prognosis. Moreover,
four larger studies (7,15,18,20) assessed several prognostic
factors for MLPS with varying results. One study showed that
tumors >5 cm were associated with worse DSS compared with
those <5 cm (17). Univariate analysis revealed that tumors
>10 cm indicated lower OS rates compared with patients with
smaller tumors (15); however, this finding was not statistically
significant for multivariable analysis. Zheng et al (7) showed
that the greater the diameter of the tumor, the lower the OS
rate, and the higher the risk of metastasis. A similar result has
been demonstrated in various other studies illustrating the
impact of tumor size on prognosis (28,35-38). For example,
in a study of >3,752 patients with LPS, Callegaro et al (20)
demonstrated that a tumor size of 11 cm was associated with
worse 5-year survival rate than that of patients with 4-cm
tumors, and that patients aged >69 years had a worse 5-year
survival rate than those >42 years old; these findings were both
statistically significant. Notably, the aforementioned studies
included various histological types of LPS, including MLPS.
On the other hand, a study conducted by Smith et al (19)
demonstrated that size did not affect the clinical outcomes of
patients with MLPS and Nishida et al (12) stated that depth
and size were not independent prognostic factors for survival.
In a study by Diirr ez al (10), the mean size of the MLPS was
12 cm. It was demonstrated that tumor size had a significant
prognostic value in terms of OS, and that RT decreased the
size of the tumor, but did not affect LR (10). These findings
are in contrast to those of Guadagnolo et al (39), who showed
a significant decrease in LR. Differentiating size cut-offs has
several advantages in MLPS. Although the literature revealed
no real consensus on which tumor sizes are associated with
the worst prognostic outcome, most studies have used cut-offs
of <5, 5-10 and >10 cm. It is important to note that larger
tumors have a greater probability of being closer to essential
structures, which may jeopardize the extent of resection in
limb salvage surgery. Thus, the current review suggests that
when wide surgical resection (R0) is not possible, the only
alternative is either marginal (R1) or intralesional (R2) resec-
tion, which increases the risk of recurrence with or without
affecting survival. Therefore, it is imperative to consider
tumor size when treating patients with MLPS, as it may guide
clinicians to the appropriate timely management for optimiza-
tion of cancer-free survival, while minimizing the risk to vital
structures.
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Figure 1. Management algorithm for MLPS <5 cm in size. Its management includes wide resection, but the margin of resection decides the next step in
management. RO, wide local resection; R1, marginal resection; R2, intralesional resection; MLPS, myxoid liposarcoma; RCC, round cell component.
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Figure 2. Management algorithm for myxoid liposarcoma between 5 and 10 cm in size. Superficial tumors will need wide resection, while deep tumors will
require radiotherapy prior to resection. RO, wide local resection; R1, marginal resection; R2, intralesional resection; RCC, round cell component.

Location, depth and sex. Various studies have identified that
trunk LPS is associated with a poorer outcome than extremity
LPS (12,19,40). However, the difference in survival and prog-
nosis between tumors of the upper and lower extremities is not
commonly discussed in literature. No significant difference
was observed by Wu et al (11) when comparing upper and lower
extremity LPS, though univariate analysis revealed a lower OS
in patients with lower extremity LPS. Lansu et al (13) demon-
strated that upper extremity LPS was associated with a poorer
OS (P=0.00001) in patients when followed-up over 7.6 years.
Muratori et al (41) found that metastasis-free survival for

lower extremity tumors was higher compared with that of the
upper extremities, although without statistical significance.
Nishida ez al (12) studied the role of location and depth in terms
of OS and DFS, with a follow-up period of 12 months. The OS
and DFS for upper and lower extremity MLPS were 80, 69,
93 and 81%, respectively, but did not reach statistical signifi-
cance (12). A possible explanation for this may be the smaller
surface area of the upper compared with the lower extremity,
and thus, there is less space for the tumor to increase in size
without affecting vital neurovascular structures. In addition,
due to the crowded anatomy of the upper extremity in terms of
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Figure 3. Management algorithm for myxoid liposarcoma >10 c¢m in size. All these tumors should be managed by radiotherapy followed by resection. Further
steps depend on the margin of resection, age and sex of the patient. RO, wide local resection; R1, marginal resection; R2, intralesional resection; RCC, round

cell component.

compartments and neurovascular structures, the probability of
complete resection of the tumor is decreased compared with
that of the lower extremity, assuming the same lesion size (12).

In terms of depth, patients with deep tumors experienced
85 and 70% OS and DFS rates, respectively, and 100 and
78% OS and DFS rates for superficial tumors, respectively,
but without statistical significance (12,20). In a study of LPS,
Gronchi et al (42) revealed that deep tumors were associated
with worse DFS and OS times compared with superficial
tumors. A similar finding was observed by Greto ef al (14)
surrounding the prognosis of deep compared with superficial
tumors. Aiba et al (43) did not reveal an association between
depth and histological response in patients with MLPS, and
Bartlett ef al (28) demonstrated that deep tumors were associ-
ated with a higher risk of LR (without statistical significance)
compared with superficial tumors, during a 5.4-year follow-up
period.

Male patients have been shown to have significantly worse
survival compared with female patients with MLPS (11).
Vos et al (44) demonstrated that male sex was the only
significant factor for the risk of LR in patients with LPS
(P=0.037). The same prognostic impact of male sex was
further reinforced by Toulmonde et al (45); however the study
was conducted on patients with retroperitoneal MLPS. By
contrast, Salduz er al (46) did not reveal any effect of sex on
the prognosis of patients with MLPS. This evidence-based
literature guided the selection of more aggressive treatment
post-surgical resection in male patients, or patients with upper
extremity or deep tumors in the present study, as is apparent
from the resulting organograms (Figs. 1-3).

5. Surgical treatment in MLPS

Surgical resection remains the first-line treatment for
almost all cases of STS, including primary MLPS of the
extremities, with the exception of some diffusely metastatic
conditions (7,47,48). Historically, amputation was once consid-
ered the standard therapy to attain local control in patients
with extremity STS (49). However, improvements in imaging,
implementation of adjuvant therapy and technical advances
in reconstructive surgical procedures have decreased the

requirement for amputation. In 1982, a randomized control
study of 43 patients conducted by Rosenberg et al (50) showed
that limb-sparing surgery with RT was an effective treatment
in patients with high-grade STS of the extremities, with a LR
rate of 15%, and no difference in OS and DFS rate compared
with amputation. Limb salvage surgery in MLPS is beneficial
for the following reasons: i) The low potential for local inva-
sion and distant metastasis compared with other STSs; and
ii) its high radiosensitivity, insuring adequate preoperative
shrinkage of the tumor, and securing margin-free surgical
resection while minimizing the risk of recurrence (3,51).
The challenge to surgeons resecting soft tissue tumors is
removing the mass with a sufficient margin of surrounding
normal tissue, while maximizing postoperative physical func-
tion (52). Detailed surgical approaches and techniques for
resecting STSs are beyond the scope of this article. However,
MLPS resection is broadly divided into RO and R1 (53). In
very rare cases, the surgeon may fail to completely resect the
tumor, primarily due to adherence to neurovascular bundles.
In these cases, it is considered to be R2. RO is accomplished
through resection of the lesion, its pseudocapsule and/or reac-
tive zone with a surrounding of completely normal tissue, but
without removing the entire compartment. The cut-off margin
of normal tissue varies between 1 and 2 cm, or if the fascial
plane is intact (53). On the other hand, R1 is achieved by also
removing the lesion as aforementioned; however, the plane of
dissection is through the pseudocapsule, and thus, may poten-
tially retain microscopic tissue portions at the margin of the
wound (53).

The importance of RO has been demonstrated by
Zheng et al (7). In their study, MLPS with RO had no LR
compared with 61% LR in patients with R1 (7). The average
follow-up period for patients with RO was 43.7 months, and
60.9% of patients who underwent R1 experienced LR, with an
average follow-up period of 75 month. Nevertheless, no signifi-
cant difference was observed between the different surgical
modalities (7). Notably, patients who underwent R1 and RO
had a tumor size of 17.2+8.8 and 8.6+4.7 cm, respectively,
with a significant difference in tumor size; of the patients who
underwent RO, 5 received adjuvant chemotherapy or RT, and
3 succumbed to the disease (7). Furthermore, Diirr et al (10)
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observed the same finding with no recurrences following RO
compared with 33% after R1, despite the use of RT and chemo-
therapy in the majority of patients. A retrospective study by
Nishida er al (12) (with an 8-year follow-up period) revealed
that MLPS with RO could be locally controlled with surgery
alone, without the need for RT. No decrease in LR rate was
observed in the minority of patients treated with RT. Moreover,
no significant advantage was observed with RT to prevent LR
in patients with negative margins (12). Haniball et al (4) did
not obtain promising results from postoperative RT in patients
with R1 or R2. The risk of LR in this study was found to be
strictly associated with the margins and the presence of >5%
RCC, irrespective of whether the patients received RT or
not (4).

6.RT in MLPS

The primary characteristic of MLPS, compared with other
types of STS, is high radiosensitivity (54). RT can be used
either preoperatively or postoperatively (55), and preopera-
tive RT has gained popularity in STS. The main advantages
of preoperative RT are reduction in the field and dose, as
well as potential tumor shrinkage. In 2004, Pitson et al (56)
highlighted a superior preoperative response to RT in patients
with MLPS compared with that for other subtypes of STS,
and there was a significantly greater reduction in tumor size
when treated with RT compared with undifferentiated STS.
In 2007, Engstrom et al (36) reported a marked decrease in
MLPS volume following preoperative RT; 23 out of 30 irradi-
ated tumors showed a median reduction in volume of 52%,
and it was postulated that RT induced the histopathological
accumulation of mature lipoma-like areas and tumor volume
reduction that may facilitate resectability. No LR was observed
in patients with MLPS who had received preoperative RT, as
demonstrated by Chung et al (51). Only one instance of LR
was reported by Salduz et al (46) in a study of 23 patients with
MLPS treated with preoperative RT. Finally, Moreau et al (3)
concluded that RT prevented local relapse (P<0.001) and also
induced a 7-fold decrease in the 5-year LR rate of patients with
positive margins (P<0.05).

Moreover, Chowdhry et al (57) observed differences
between patients who had received preoperative RT (LR 3%)
compared with those who underwent postoperative RT
(LR 11%). Since 1979, preoperative RT combined with
conservative surgery has been the standard treatment for
patients with MLPS, with no observable LR (39). However,
the aforementioned study also included patients referred to
their center following resection, thus undergoing preoperative
RT was not always an option. In these patients, postopera-
tive RT was associated with 94% local control despite the
fact that 29% patients received R1 or undetermined margin
resection (39). Fiore et al (6) reported on mixed groups of
patients where some received perioperative RT and others
underwent surgery alone, and multivariate analysis revealed
that postoperative RT was associated with a lower LR rate.
Furthermore, ten Heuvel et al (17) identified a significant
decrease in LR when surgery was coupled with postopera-
tive RT (8% vs. 44%; P=0.01). However, the most convincing
argument for RT was demonstrated by Hatano et al (58),
who showed that MLPS treated by R1 or R2, combined

with RT, resulted in 100% local control in 10 patients over
a follow-up period of 58 months. The choice between using
RT as a preoperative or postoperative modality in MLPS is
still under debate. However, the aforementioned findings on
preoperative RT in STS, including MLPS, have shown it to
be an extensively promising modality for the management of
MLPS. The reasons for this include a reduction in late toxicity,
improved outcome, maintaining adequate local control and
allowing borderline tumors to become surgically acces-
sible (38,59). Le Grange et al (38) showed that preoperative
RT resulted in a marked decrease in the volume of soft tissue
tumors, which was most apparent in MLPS. Preoperative RT
was shown to be an effective treatment, primarily for high-risk
borderline tumors, justifying its importance as the modality
of choice in RCMLPS due to its high-grade features, risk of
recurrence, large deep features and its proximity to sensitive
locations (38). Notably, tumor volume reduction in patients
who underwent preoperative RT was inversely proportional to
tumor grade (38). Postoperative RT has been associated with
a higher risk of fibrosis, joint stiffness and marginally predic-
tive edema compared with preoperative RT (59). In addition,
preoperative RT allows a lower threshold for high-dose
postoperative RT, which decreases the risk of dose-associated
radiation toxicity (59). The radiosensitivity of MLPS, including
RCMLPS, was shown by a reduction in tumor size, as well as
an increasing percentage of hyalinization, intra-mural fat and
necrosis, enabling its use for the optimization and facilitation
of surgical resection when used preoperatively (60). In 92% of
cases, preoperative RT decreased MLPS size by an average of
25-30% in tumors of 12 cm at 48 days post treatment initiation,
thus shrinking the tumor to ~8 cm with a hyalinization content
of almost 100% (60). Notably, 7/13 patients in the study also
received preoperative chemotherapy (60). Roberge er al (61)
demonstrated an 82% median decrease in tumor volume
following external beam RT. This radiosensitivity was
primarily associated with damage to the medium-sized arte-
rioles (62). Although Eilber and Eckardt (48) demonstrated
that necrotic content post-RT was associated with a decreased
risk of recurrence and improved survival, this finding was not
proven to be accurate according to Wortman et al (60) and
Mullen et al (63).

The recent DOREMY trial (NCT02106312) is investi-
gating the possibility of an RT dose reduction for MLPS
without jeopardizing clinical outcomes (https://clinical-
trials.gov/ct2/show/NCT02106312). Through their phase II
results (13) it was revealed that a 36-Gy dose delivered
in once-daily 2-Gy fractions resulted in the same clinical
outcome with a possible decrease in toxicity. These findings
reinforce the role of preoperative RT in MLPS where adequate
surgical resection is unachievable or where the tumor is inop-
erable (13,36). Postoperative RT was once more commonly
used than preoperative RT for STSs (64). However, since
2004, there has been a steady increase in the use of preopera-
tive RT. Postoperative RT showed no superior benefit in terms
of survival and LR compared with preoperative RT (64).
In addition, local control is better achieved using preopera-
tive RT (65). Overall, the timing of use for each modality is
multifactorial, and should be evaluated on a case-by-case
basis. It is safe to conclude that postoperative RT may be used
as an adjunct treatment for use in patients with small tumors
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(<10 cm) where the true depth and approximation to vital
structures is underestimated, leading to non-optimal resec-
tion. Nevertheless, due to its high dose, higher late morbidity
is expected in postoperative RT, but a higher rate of infec-
tion is seen in preoperative RT (66). Currently, the standard
treatment for STS management is external beam intensity
modulated RT due to its superior local control compared with
brachytherapy (67). The majority of studies (25,35,42,43,64)
comparing preoperative and postoperative RT include all STS
subtypes, not just MLPS. However, to the best of our knowl-
edge, high-quality evidence solely addressing comparative
studies of RT timing in MLPS is lacking.

7. Chemotherapy in MLPS

The role of chemotherapy in patients with MLPS has been
discussed from several perspectives: i) As a neoadjuvant for
local control of primary MLPS; ii) as an adjuvant in a postop-
erative setting; and iii) for the treatment of metastatic MLPS.
Adjuvant chemotherapy in STS (including MLPS) has been
studied in multiple randomized control trials in the 1990s,
with a meta-analysis published in The Lancet, concluding that
doxorubicin was associated with a significant improvement
in recurrence-free survival with no associated improvement
in OS (68). Another study emphasized the role of ifosfamide
to treat primary STS with differing conclusions (2). In 2004,
Eilber and Eckardt (48) investigated the effects of both doxo-
rubicin and ifosfomide in patients with high-risk primary STS
(including M/RCLPS), demonstrating that ifosfomide was
associated with improved DSS compared with patients who
did not receive chemotherapy (P=0.0003). This association
was the strongest for tumors >10 cm, high grade (e.g. RC),
primary and extremity LPS. In addition, M/RCLPS was shown
to be an independent prognostic factor for improved DSS
(P=0.03) (48). In positive-margin MLPS and post re-excision,
complementary RT combined with adjuvant chemotherapy
should be implemented depending on the histology, type,
extension of the tumor and size (29,69,70).

Previously, neoadjuvant chemotherapy was rarely discussed
for the treatment of MLPS. A phase II clinical trial of neoad-
juvant trabectedin in patients with advanced localized MLPS
demonstrated that 1.5 mg/m? trabectedin every 3 weeks had
significant efficacy and minimal toxicity (42). Tumors with the
complete disappearance of malignant tissue were in the lower
extremities, with a size between 5 and 10 cm (42). A study
conducted by Guadagnolo et al (39) stated that for patients
with tumor size >10 cm, treatment should be supplemented
with neoadjuvant doxorubicin-based therapy. Axitinib has
shown promising results for the treatment of MLPS, exerting
its anti-angiogenic and anti-tumorigenic effects through the
VEGTF signaling pathway (71). In unresectable pulmonary
metastatic and extrapulmonary metastatic STS, including
MLPS and RCLPS, patient prognosis is unfavorable, thus
systemic chemotherapy is required, and surgery should be
considered as a palliative treatment option (41).

Several clinical trials have investigated the role of
combined adjuvant chemotherapy (e.g., trabectidin) and
RT in MLPS (42,51). This combination has the potential to
decrease RT-associated toxicity, and may also act in a syner-
gistic manner for tumor eradication (42,72). Furthermore, the
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TRASTS trial has shown that chemotherapy-RT combination
in patients with MLPS is safe, and a potential step towards the
delivery of combination therapy (42,51,72,73). It is important
to note that although the extent of necrosis post-neoadjuvant
chemo-RT in MLPS was not large, the percentage was not
associated with the outcome (63). Thus, volume reduction
should be the primary focus to reach a tumor size that is
appropriately resectable.

8. Discussion

MLPS has distinctive features compared with other types of
STS. Specific chromosomal translocations have been identi-
fied in MLPS, which consist of fusions between the fusion
binding protein gene and the C/EBP homologous protein
(CHOP) gene [(t12;16)(q13;pl11)] in 90% of tumors, and
between the RNA-binding protein related to Ewing sarcoma
and CHOP genes [(t12;22)(q13;q12)] in >5% of tumors (17). In
difficult cases, PCR detection of these translocations allows
for a specific diagnosis of MLPS (15). Among the STSs, fine
needle aspiration biopsy (FNAB) is of significant efficacy in
adult myxoid STSs, with the majority being diagnosed with a
reasonable level of accuracy, based solely on their cytological
distinctions (74,75). Nonetheless, FNAB is not very accurate in
differentiating subtypes of MLPS, including RCMLPS (23,74).
Despite the distinct prognostic factors for OS in the presence
of >5% RCC, limited data are available that may influence the
course of treatment. MLPS and RCLPS were considered as a
single entity in the present study, and both have been included
in the resulting organograms.

MLPS has a distinctive pattern of extrapulmonary metas-
tases, and screening and follow-ups should include history
taking, thorough physical exams and imaging (i.e. whole
body MRI and CT scans of the chest, abdomen, pelvis and
thorax) (76).

Surgical resection remains the first-line treatment for
MLPS. The resection margin is one of the most important
factors affecting survival in patients with STS, as observed by
Kim et al (77) over a median follow-up period of 48 months.
However, due to its high radiosensitivity, few centers advocate
more conservative resection in MLPS, and preoperative RT is
the preferred type of adjuvant therapy (50). However, chemo-
therapy may also serve a minor role, particularly in tumors
>10 cm in size (50).

Nevertheless, the specific prognostic factors and stan-
dardized algorithm required to maximize survival rate with
the highest quality of life remain limited. Thus, a detailed
algorithm with the potential prognostic and therapeutic factors
(combining size, grade, location and follow-up) to detect
recurrences is required to establish a schema for clinical
guidance. Several prognostic factors influence LR rate and
OS in MLPS (18), the most important of which are surgical
margins, the presence of a RCC and tumor size (4,12,17). The
latter is of utmost importance, and serves as a considerable
limiting factor in management modification (e.g. the benefit
of incorporating adjuvant chemotherapy in tumors >10 cm
in size) (69). A retrospective study of 34 patients with MLPS
with a 65-month mean follow-up period showed that tumor
size was an independent risk factor for MLPS metastasis, with
an average tumor diameter of 21.7 cm (7). Another study of
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49 patients with a median follow-up of 101 months demon-
strated that tumor grade, size and age negatively impacted
survival (17). Haniball et al (4) analyzed the prognostic factors
and metastatic patterns in primary M/RCLPS, and discovered
that age >50 years, size >10 cm and >5% RCC on histology
were significant factors for a poor prognosis (P=0.027, P=0.03
and P=0.0001, respectively). The study was conducted over a
10-year follow-up period with 130 tumors, including 88 with
<5% RCC and 42 with >5% RCC (4). It was also suggested
that adjuvant chemotherapy and RT should be considered for
patients with >5% RCC (4). In a multicenter retrospective study
of 418 cases of MLPS and RCLPS, Moreau et al (3) demon-
strated that with a 5.2-year follow-up period, a tumor diameter
>10 cm was associated with an increased risk of metastasis
and death (P=0.024), and that RT effectively prevented LR,
and should therefore be administered as a neoadjuvant. By
contrast, Nishida ef al (12) concluded that size and depth did
not affect patient prognosis in MLPS of the extremities. Thus,
the majority of studies suggest that size is a critical factor in
the overall prognosis of patients with MLPS. Hence, in the
present study, the management organogram was stratified
based on size cut-offs of <5, 5-10 and >10 cm (Figs. 1-3).

There is adequate data recommending the use of RO
surgical resection for MLPS, with the aim to achieve negative
margins (55). Nevertheless, the definition of negative-margin
RO varies considerably, complicating the comparison between
different studies (78-80). In the present study, a 1-cm negative
margin was adopted for the algorithm, which was based on the
National Comprehensive Cancer Network (NCCN) STS clin-
ical practice guidelines (55). Moreover, intramuscular margins
should not receive the same consideration as extra-compart-
mental margins. Deep fascia, periosteum and fatty tissues
around the vascular bundles may act as a barrier, and thus, a few
millimeters of healthy tissue are enough to ensure margin-free
resection. Nevertheless, intracompartmental margins should be
=1 cm for the optimization of surgical resection.

For the management of superficial MLPS <5 cm (Fig. 1),
RO excision should be adopted as the surgical procedure of
choice. If the surgical margins are disease-free (margins
>1 cm or an intact fascial plane), observation with frequent
follow-ups is required, regardless of age. This is reinforced
by multiple studies demonstrating that surgery without RT
is the favored treatment type to enable local control, espe-
cially if confirmed by negative-margin resection in tumors
<5 cm (6,11,12). If the surgical margin shows positive micro-
scopic margins (R1), positive macroscopic margins (R2) or if
pathology indicates RCMLPS, the next actions are stratified
as follows: i) Repeated resection and observation if the patient
is <65 years old, female and with lower extremity MLPS; or
ii) consider postoperative RT if the patient is >65, male or has
upper extremity MLPS (Fig. 1).

The analogy behind this management has been demon-
strated by several studies (11-14,18), showing that age
>65 years, female sex and lower extremity MLPS were asso-
ciated with lower LR-free survival, distant metastasis-free
survival, OS, DSS and local control, respectively (6). Age
>65 years is an independent prognostic factor affecting local
and distant recurrence, as well as OS (12,18). In fact, age is a
well-defined negative prognostic factor for clinical outcome
in patients with MLPS, which can be attributed to associated

comorbidities, late tumor presentation and genomic alterations
present in older patients (55). Lower control rates on the upper
extremity are primarily attributed to the anatomical difficulty
in achieving RO (12), which explains the use of postoperative
RT if positive surgical margins are identified. The adopted
postoperative RT regimen can be used for high-grade STS
alone or low grade tumors with the aforementioned risk factors
(NCCN clinical practice guidelines) (55).

If the MLPS size is <5 cm (Fig. 1), deep and with negative
RO margins (i.e., wide local resection), the same management
as superficial MLPS is recommended, which is post-operative
follow-up. This is based on studies (7,12,20) showing that tumor
depth is not a prognostic factor, and does not impact cancer-free
survival in MLPS. However, if the tumor is deep and with
post-operative resection or R2 margins (i.e. intralesional), or if
it has an RCC, repeated resection is recommended if feasible,
as well as administration of postoperative RT (Fig. 1).

There is currently limited literature surrounding the
management of MLPS with a size between 5 and 10 cm. In
the current algorithm, surgery with negative-margin resection
may be enough to treat superficial tumors, but only in female
patients <65 years old with lower extremity tumors. Thus,
postoperative RT should be considered as an adjuvant treat-
ment in all other patients. If the surgical margins are positive
(R1 or R2), or the tumor has an RCC, repeat resection and
postoperative RT should be implemented, irrespective of age,
sex or tumor location (Fig. 2).

If the tumor is deep and is in the lower extremities, preop-
erative RT should be considered before RO surgical excision.
In patients who proceed directly to surgery, only female
patients <65 years old may not require postoperative radiation
if RO is achieved. When the surgical margins are positive, or
if the tumor has an RCC, re-resection and postoperative RT
should be implemented, irrespective of age, sex and tumor
location. For patients that have received neoadjuvant radiation,
brachy/boost therapy should be administered to minimize
radiation exposure, while targeting residual margins and
limiting the possibility of LR (Fig. 2).

Due to the challenging aspects of resection, deep tumors
located in the upper extremities should first be treated with
preoperative RT, and then RO surgical resection. If the surgical
margins are positive (R1 or R2) or the tumor has an RCC, then
repeated resection should be implemented if possible, as well
as postoperative brachy/boost therapy (Fig. 2).

Finally, irrespective of depth and location, MLPSs >10 cm
in size should be managed with preoperative RT, which
minimizes the size of the tumor and permits RO (Fig. 3). In
patients with negative margins, chemotherapy should be
recommended, especially where an RCC is identified or if the
patient is male or aged >65 years. In positive-margin resec-
tion, patients will require repeated resection with brachy/boost
therapy and chemotherapy (Fig. 3).

In the case of metastatic MLPS, all patients should be
treated with neoadjuvant chemotherapy (3). Recurrent MLPS
should be addressed with the same algorithm, but following
the suggestions for the high-risk category.

The present updated algorithm will guide the surgeon
towards a stepwise management plan based on clinical
evidence, risk and prognostic factors for the optimization of
decision making and OS. However, additional clinical trials



are warranted to better fortify therapeutic guidelines for the
treatment of MLPS. Furthermore, a meta-analysis would be a
beneficial addition to the current literature, as it would allow
for improved stratification of the level of evidence of the avail-
able literature. Finally, a multidisciplinary approach, including
the surgeon, oncologist and radiation oncologist, is critical to
optimizing an individualized treatment plan for patients with
MLPS.
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