
Introduction 

Myxoid liposarcoma (MLS) is the most common subtype of liposar-
coma and represents approximately 5% of all adult soft tissue sar-
comas (STS) [1,2]. Characteristics of MLS include a t(12:16) trans-
location and perhaps a more favorable prognosis compared to oth-
er liposarcomas despite an unusual predilection for extrapulmonary 
metastasis [3,4]. Intermediate- and high-grade STS, including MLS, 
are typically treated with combination surgery and radiotherapy 
(RT), which have been shown to improve local control when com-
pared to surgery alone. While RT for STS can be performed pre- and 

Purpose: While tumor volume reduction following radiation has been documented in myxoid liposar-
comas, it is unclear whether large tumors experience similar volume reduction to smaller tumors. 
Materials and Methods: MRI studies performed before and after completion of pre-operative radia-
tion therapy (RT) were examined. Tumor sizes were noted and categorized as large versus small based 
on size >10 cm. Tumor volumes were calculated, and operative duration and major wound complica-
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Results: The median largest tumor dimension was 12.4 cm before RT and 8.7 cm after RT. The median 
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the mean percent tumor volume reduction between large tumors and small tumors (p = 0.11, 56.3% 
vs. 64.5%). Operative duration most strongly correlated to post-RT MRI volume (R2=0.674, p<0.001). 
Despite volume reduction, tumors that were large on presentation were more likely to experience 
major wound complications post-operatively. 
Conclusion: Radiation appears to be as effective at reducing myxoid liposarcoma tumor volume in 
large and small tumors. However, large tumors on presentation appear more likely to experience 
wound complications despite tumor volume reduction. Future studies should investigate disease-re-
lated outcomes as a factor of volume reduction in myxoid liposarcoma. 
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post-operatively, pre-operative RT has the advantages of fewer late 
complications and the potential to improve resectability prior to 
surgery, leading to a shift toward neoadjuvant RT in the treatment 
of STS in recent years [5–7]. 

Several historical studies have suggested that MLS may be more 
likely to respond to RT than other subtypes of STS, with high rates 
of regression and even reports of complete clinical response after 
RT [8–12]. However, older series are difficult to interpret due to in-
clusion of different subtypes of liposarcoma, changes in diagnostic 
criteria, and variations in radiation techniques. More recent studies 
have demonstrated an objective response of MLS to neoadjuvant 
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RT with substantial reductions in tumor volume and changes in tu-
mor morphology after RT as well as higher rates of local control af-
ter neoadjuvant RT and surgical resection when compared to other 
STS subtypes [13–15]. 

While the effects of RT in MLS have been previously described, 
the response of MLS to RT specifically based on initial tumor size 
has not been robustly evaluated. In STS, tumor size impacts ease of 
resection, rate of post-operative wound complications, and prog-
nosis [16]. The differential response to RT in MLS tumors of differ-
ent sizes has the potential to inform individualized treatment pro-
tocols as well as impact pre-operative planning, but studies specif-
ically examining this are lacking. Accordingly, the purpose of this 
study was to compare the response of large and small MLS tumors 
to a standardized protocol of neoadjuvant radiation therapy and to 
assess surgical complications in these patients. 

Materials and Methods 

Following Institutional Review Board of Rush University Medical 
Center approval (ORA No. 21101407-IRB01), our institutional sar-
coma database was retrospectively reviewed to identify all patients 
with MLS from 2000 to 2021. Initial query returned a total of 86 
patients. The following exclusion criteria were applied: those with 
limited information in the medical record (n =  21), those without 
histological confirmation of MLS (n =  6), those who presented 
with previous incomplete excisions from outside hospitals without 
tumor size information (n =  6), and those who were not primarily 
treated surgically for their MLS at our institution (n =  8). Patients 
were additionally excluded if magnetic resonance imaging (MRI) of 
their tumors were not available both within one month prior to 
initiation of radiotherapy (RT) and within one month after comple-
tion of RT (n =  21) (Fig. 1). After the above exclusion criteria were 
applied, the records of 24 patients were reviewed retrospectively. 

Basic patient and tumor variables were collected, including age, 
sex, race, and primary tumor location. The presence of a round cell 
component on the histological specimen was noted and recorded 
as a categorical variable. In two cases, information regarding pres-
ence of round cell component was unavailable and treated as 
missing data. Race was coded as a categorical variable defined as 
Caucasian and non-Caucasian. The majority of tumors were locat-
ed in the thigh (91.7%, n =  22) and the remaining two (8.3%) 
were located in the calf. Operative duration was recorded in min-
utes and major wound complications were defined as described by 
O’Sullivan et al [17]. These complications were defined as a sec-
ondary operation under anesthesia for wound repair or non-opera-
tive wound management involving invasive procedures, readmis-
sion for antibiotics or wound care, or persistent deep packing for 

120 days. Operative duration was unavailable in one patient. 
Tumor size measurements in craniocaudal, transverse, and an-

teroposterior dimensions were recorded from available radiologists’ 
reports. When a measurement was not noted in the report, one au-
thor (LL) recorded the missing size measurements. All pre-RT tumor 
sizes were recorded from MRI studies performed within one month 
prior to the initiation of RT. All post-RT tumor sizes were recorded 
from MRI studies performed within one month after completion of 
RT. Tumor volume was calculated using the ellipsoid formula:  

volume =  4/3 ×  π ×  a ×  b ×  c,  
where a, b, and c are the tumor dimensions in craniocaudal, trans-
verse, and anteroposterior dimensions. True tumor specimen size 
was recorded as the largest dimension on pathology after surgical 
resection. Percent tumor necrosis was recorded from corresponding 
pathology reports upon final surgical resection. All pathology spec-
imens were reviewed by board-certified, fellowship-trained muscu-
loskeletal pathologists with expertise in sarcoma. Tumor necrosis 
was estimated by the pathologists according to a departmental 
protocol which relies on the gross appearance and percentage of 
necrotic cells in various sections. In these irradiated tumors, necro-
sis percentage is used as an indicator of response to treatment; 
therefore, both necrosis and fibrosis are included. Tumor necrosis 
data was available in 22 of 24 patients. 

Fig. 1. Consort chart of patient selection process for those included 
for study.

Assessed for eligibility (n = 86)

Assessed for eligibility (n = 59)

Assessed for eligibility (n = 45)

Final cohort (n = 24)

Excluded: 
Limited information in medical record (n = 21)
No histologic confirmation (n = 6)

Excluded: 
Presented with incomplete (n = 6)
Not surgically treated at our institution (n = 8)

Excluded: 
Absence of MRI within one month prior to 

and following initiation and completion 
radiotherapy (n = 21)
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Large tumors were determined to be those with a largest dimen-
sion greater than 10 cm and small tumors were determined to be 
those with a largest dimension smaller than 10 cm. Tumors were 
categorized as large and small according to pre-RT MRI largest di-
mension, post-RT MRI largest dimension, and final tumor specimen 
size. While a tumor size cutoff of 5 cm is more commonly used for 
staging purposes, a tumor size of 5 cm typically does not impose 
significant operative challenges. Therefore, we focused on tumors 
greater than 10 cm in size as these cases may experience greater 
benefit from volume reduction for surgical complexity. 

All patients underwent wide, local excision of their MLS within 6 
weeks of completion of neoadjuvant RT and all margins were neg-
ative. All patients underwent neoadjuvant RT prior to surgery, re-
ceiving a cumulative 50 Gy over 25 fractions. Four patients under-
went interdigitated chemotherapy and radiation. The chemothera-
py regimen was a combination of doxorubicin and ifosfamide in all 
four patients. 

Categorical variables were described using frequencies and per-
centages and compared with chi-squared or Fisher exact test. Con-
tinuous data were reported as mean with range or median with in-

terquartile range (IQR) and compared using Mann-Whitney U Test 
or paired t-test. Linear regression analysis was performed to ana-
lyze the relationship between volume reduction and tumor necrosis 
as well as between various size and volume measurements with 
operative duration. Statistical significance was set to p <  0.05, and 
all analyses were performed on SPSS version 26.0 (IBM, Armonk, 
NY, USA) and RStudio version 1.4 (Integrated Development for R. 
RStudio; PBC, Boston, MA, USA). 

Results 

The median largest tumor dimension on pre-RT MRI was 12.4 cm 
(IQR 7, 16) and the median tumor volume prior to radiation for the 
entire cohort was 298.9 cm3 (IQR 71.4, 830.8). Both MLS size and 
volume were significantly reduced following preoperative RT in the 
entire group (both p <  0.001). After RT, the median largest tumor 
dimension on MRI was 8.7 cm (IQR 6.3, 14) and the median tumor 
volume was 106.9 cm3 (IQR 30.0, 362.6) (Fig. 2). Tumors with larg-
est dimension greater than 10 cm on pre-RT MRI had a mean vol-
ume of 829.8 cm3 (range, 220.2 to 2,813.4) whereas the smaller 

Fig. 2. Axial magnetic resonance imaging (MRI) of myxoid liposarcoma with (A) largest dimension of 16 cm on presentation and (B) largest di-
mension of 14 cm after radiotherapy (RT). Axial MRI of myxoid liposarcoma with (C) largest dimension of 5.5 cm on presentation and (D) larg-
est dimension of 2.1 cm after RT.
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tumor group had a mean volume of 76.2 cm3 (range 4.0 to 241.9 cm3)  
(p <  0.001). Patient age (p =  0.68), gender (p =  0.81), race (p =  
0.09), and presence of round cell component (p =  0.47) did not 
differ between the two groups. Pooled patient demographics and 
tumor characteristics can be seen in Table 1. 

The mean absolute volume reduction was 409.0 cm3 (range, 
112.5 to 1,100.2 cm3) in the large tumor group and 47.4 cm3 (range, 
-10.1 to 146.3 cm3) in the small tumor group. One tumor grew over 
the course of RT. There was no significant difference in the mean 
percent tumor volume reduction between the large tumor group 
and the small tumor group (p =  0.11). The mean percent tumor 
volume reduction in the large tumor group was 56.3% (range, 
22.4% to 90.9%) compared to 64.5% (range, -18.4% to 91.7%) in 
the small tumor group. Relative percent volume reduction did not 
correlate with percent tumor necrosis on final specimen evaluation 
(R2 =  0.07, p =  0.23). There was also no difference in tumor ne-

crosis seen in large tumors versus small tumors as determined by 
pre-RT MRI (p =  0.81). 

Operative duration did not differ when tumors were categorized 
as large and small based on pre-RT MRI largest dimension (p =  
0.07); however, operative duration was significantly greater when 
tumors were categorized based on post-RT MRI largest dimension 
(p =  0.006) as well as when categorized based on pathology tumor 
specimen size (p =  0.003) (Table 2). Linear regression analysis re-
vealed significant correlation between operative duration and pre-
RT MRI tumor volume (R2 =  0.606, p <  0.001), operative duration 
and post-RT MRI volume (R2 =  0.674, p <  0.001), and operative 
duration and tumor specimen size (R2 =  0.597, p <  0.001). 

Only one patient required non-primary wound closure and un-
derwent a flap reconstruction with a split thickness skin graft. 
There were six total major wound complications in the entire 
group. When tumors were categorized based on pre-RT MRI largest 
dimension, five of the six complications occurred in the large tumor 
group. When categorized based on post-RT MRI largest dimension, 
two of the six complications occurred in the large tumor group. 
And when categorized based on tumor specimen size, three of the 
six complications occurred in the large tumor group (Table 3). Low 

Table 1. Pooled patient demographics and tumor characteristics

Variable Value
Age (yr) 39.9 (14-84)
Sex
 Male 6 (25.0)
 Female 18 (75.0)
Race
 Caucasian 18 (75.0)
 Non-Caucasian 6 (25.0)
Round cell component
 Present 4 (16.7)
 Not present 18 (75.0)
 Unknown 2 (8.3)
MRI largest dimension (cm)
 Pre-RT 12.4 (7, 16)
 Post-RT 8.7 (6.3, 14)
Final tumor specimen size (cm) 8.3 (4.5, 12.8)
MRI volume (cm3)
 Pre-RT 298.9 (71.4, 830.8)
 Post-RT 106.9 (30.0, 362.6)
Tumor categorization
 Pre-RT MRI size
  Large, ≥10 cm 15 (62.5)
  Small, <10 cm 9 (37.5)
 Post-RT MRI size
  Large, ≥10 cm 11 (45.8)
  Small, <10 cm 13 (54.2)
 Final tumor specimen size
  Large, ≥10 cm 10 (41.7)
  Small, <10 cm 14 (58.3)

Values are presented as mean (range) or number (%) or median (inter-
quartile range Q1, Q3).
MRI, magnetic resonance imaging; RT, radiotherapy.

Table 2. Operative duration in large and small tumors

Tumor categorization Operative duration (min) p-value
Pre-RT MRI size 0.07
 Large, ≥10 cm 67 (46, 141)
 Small, <10 cm 46 (44, 55)
Post-RT MRI size 0.006
 Large, ≥10 cm 78 (52, 141)
 Small, <10 cm 45 (44, 55)
Final tumor specimen size 0.003
 Large, ≥10 cm 99 (62, 141)
 Small, <10 cm 46 (44, 52)

Values are presented as median (interquartile range Q1, Q3).
MRI, magnetic resonance imaging; RT, radiotherapy.

Table 3. Major wound complications in large and small tumors

Tumor categorization Major wound complications
Pre-RT MRI size
 Large, ≥10 cm 5
 Small, <10 cm 1
Post-RT MRI size
 Large, ≥10 cm 2
 Small, <10 cm 4
Final tumor specimen size
 Large, ≥10 cm 3
 Small, <10 cm 3

MRI, magnetic resonance imaging; RT, radiotherapy.
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overall numbers precluded a powered statistical analysis. Individual 
patient and tumor characteristics can be seen in Table 4. 

Discussion and Conclusion 

The sensitivity of MLS to radiation therapy was first documented 
more than 50 years ago, and more recent studies have provided 
objective evidence of MLS tumor response to RT [10,11]. In our se-
ries, there was a significant reduction in tumor size and volume af-
ter neoadjuvant RT, with a proportional reduction in median tumor 
volume of 64%. This finding is consistent with previous studies 
that examined MLS tumor size reduction after RT. Pitson et al. [13] 
observed a 59% reduction in tumor volume in MLS after RT and 
other studies have consistently demonstrated large decreases in 
tumor volume after RT, highlighting the radiosensitivity of MLS 
[2,13,14,18,19]. 

The principle aim of this study was to examine the response to 
neoadjuvant RT in MLS tumors of different sizes. In soft tissue sar-
coma, tumor size is an important prognostic factor and is associat-
ed with rates of local recurrence, post-operative wound complica-

tions, and overall survival [20–22]. It is important for clinicians to 
understand the effects of neoadjuvant RT in large versus small MLS 
tumors, as this has the potential to impact individualized treatment 
planning. To our knowledge, this is the first report to specifically 
examine the response to neoadjuvant RT in differently sized MLS 
tumors. In our study, there was no significant difference in mean 
percent volume reduction after RT between large and small MLS 
tumors. These results indicate that neoadjuvant RT is as effective at 
reducing the volume of large MLS tumors as small tumors. Large 
tumor size is associated with inferior disease-free survival and local 
control, and substantially decreased tumor size after RT likely con-
tributes to the excellent local control rates observed in MLS 
[15,23–25]. Reducing the volume of large tumors also has the po-
tential to facilitate surgical resection and reduce surgical morbidity, 
thereby improving functional outcomes without sacrificing local 
control. In this study, all resected tumor specimens had negative 
margins, even in very large tumors with greatest dimension greater 
than 20 cm at presentation. This indicates a benefit in terms of 
ease of resection after neoadjuvant RT which is important for 
treatment planning, especially for very large tumors or those in 

Table 4. Individual patient and tumor details of included cases

Case no. Age (yr) Sex Race Tumor
location

Pre-RT 
size (cm)

Pre-RT
volume (cm3)

Post-RT 
size (cm)

Post-RT
volume (cm3)

Percent volume 
reduction (%)

Specimen 
size (cm) Closure MWC

1 23 F C Calf 3.2 4.02 1.0 0.33 91.7 1.4 P No
2 17 F C Thigh 5.5 19.57 2.1 4.71 75.9 3.9 P No
3 30 F NC Thigh 6.1 54.75 8.6 64.81 -18.4 7.5 P No
4 47 F C Thigh 6.4 50.24 4.4 8.64 82.8 4.6 P No
5 84 F C Thigh 6.6 65.90 6.4 29.47 55.3 5.5 P No
6 40 M C Thigh 7.0 87.92 5.0 31.40 64.3 4.0 P Yes
7 65 F NC Thigh 7.0 63.71 6.2 12.27 80.7 4.4 P No
8 18 M NC Thigh 7.5 98.16 4.7 12.40 87.4 3.9 P No
9 52 F NC Calf 9.6 241.86 8.3 95.56 60.5 7.4 P No
10 33 F C Thigh 10.2 220.19 8.3 107.72 51.1 3.8 P Yes
11 41 M C Thigh 11.4 241.98 7.0 49.93 79.4 7.6 P Yes
12 14 F C Thigh 11.9 290.46 10.0 157.00 45.9 6.0 P No
13 21 F C Thigh 12.8 559.47 8.8 162.11 71.0 10.0 P No
14 47 F C Thigh 13.9 307.34 11.5 106.10 65.5 9.0 P No
15 54 F C Thigh 14.4 488.78 11.8 122.27 75.0 12.0 P No
16 30 M C Thigh 14.7 652.67 14.0 429.71 34.2 11.8 P No
17 34 F C Thigh 15.0 647.63 8.0 58.61 90.9 10.8 Non-P Yes
18 29 F C Thigh 16.0 837.33 12.3 172.77 79.4 9.5 P No
19 66 F C Thigh 16.0 1034.11 14.0 561.59 45.7 14.2 P No
20 33 F NC Thigh 18.0 1285.83 16.3 998.05 22.4 13.0 P Yes
21 47 F C Thigh 20.6 811.35 15.1 370.62 54.3 14.5 P No
22 47 M NC Thigh 22.8 891.80 21.0 338.49 62.0 19.5 P No
23 33 M C Thigh 23.5 1364.13 22.1 962.84 29.4 15.8 P No
24 54 F C Thigh 24.0 2813.44 21.0 1713.23 39.1 26.0 P Yes

C, Caucasian; NC, non-Caucasian; RT, radiotherapy; P, primary; MWC, major wound complication.
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critical locations which may otherwise not be as amenable to re-
section. In addition to decreased tumor volume, changes in MLS 
tumor histology with more mature lipoma-like areas observed after 
RT and increased distance of the tumor from the neurovascular 
bundle after RT, may also contribute to an increase in resectability 
[14,18]. Furthermore, tumors that are initially deemed not resect-
able due to large size or proximity to the neurovascular bundle may 
become resectable after RT due to reduction in tumor volume, 
though further studies are necessary to determine if these results 
are applicable in primary unresectable MLS. 

Our results also demonstrated no difference in tumor necrosis 
between large and small tumors after RT. This indicates that, in ad-
dition to a similar reduction in tumor volume after RT, the patho-
logical response to RT is similar between large and small MLS tu-
mors. Studies have suggested that rates of tumor necrosis correlate 
with clinical outcome, with a recent meta-analysis showing that 
rates of necrosis less than 90% are associated with increased re-
currence risk and inferior overall survival in STS patients [26]. Based 
on the results of our study, clinicians can expect rates of necrosis 
in large MLS tumors that are comparable to small tumors after RT, 
and this may positively impact outcomes in these patients. 

In this study, we observed significantly shorter operative times in 
the small tumor group when compared to the large tumor group. 
Smaller pre-RT size, post-RT size, and pathology specimen size 
were all correlated with shorter operative duration. However, the 
strongest correlation was with post-RT size, indicating that tumor 
size immediately prior to surgery is a more important factor than 
tumor size at presentation. Shrinking MLS tumors with neoadju-
vant RT may contribute to ease of resection and lead to shorter op-
erative times. Operative duration is an independent risk factor for 
surgical complications. A contemporary meta-analysis showed that 
the likelihood of developing a complication approximately doubled 
with operative times exceeding 2 hours and that there was a 14% 
increase in likelihood of complications for every 30 minutes of ad-
ditional operative time [27]. Reducing tumor volume with neoadju-
vant RT has the potential to reduce operative time and, in turn, re-
duce complications and costs associated with increased operative 
duration [28]. 

Despite advances in STS treatment, post-operative wound com-
plications remain a major source of morbidity and have been re-
ported in up to 56% of surgical cases [21]. There were six total 
major wound complications in our study with a rate of 25%, simi-
lar to prior reports. Previous studies have investigated factors that 
influence the risk for post-operative wound complications, includ-
ing tumor size and location, timing of radiation pre- or post-opera-
tive, and radiation field size [16,21,29]. Tumor size and tumor vol-
ume have been found in multiple studies to be predictors of 

post-operative wound complications, and a study by Ziegele et al. 
[21] demonstrated that tumor volume may be a stronger predictor 
of complication risk than tumor size based on largest diameter. 
Larger volume of resection contributes to development of wound 
complications by leading to larger soft tissue dead space with in-
creased potential for formation of seromas, hematomas, and infec-
tion. The significant reduction in both tumor volume and tumor 
size seen in our cohort after neoadjuvant RT has the potential to 
reduce post-operative wound complications in these patients. It is 
important to note that in our study, most wound complications oc-
curred in the large tumor group when this was assessed based on 
pre-RT size. However, when evaluating complications based on pa-
thology specimen size after resection, the number of complications 
in the large and small tumor groups were similar, though small 
numbers prevented statistical analysis. These results indicate that 
tumors that are large on presentation may still be more likely to 
have wound complications after resection, regardless of reduction 
in tumor size after RT. This is likely due to the larger radiation field 
size needed for neoadjuvant RT in larger tumors. The association 
between neoadjuvant RT and increased wound complications has 
been well documented, and the rate of complications increases 
with the magnitude of the radiated area [16,21,29]. It is important 
for clinicians to recognize that even if RT leads to reduced tumor 
size, tumors that are large prior to RT may still be more prone to 
post-operative wound complications. 

This study does have several limitations, principally, the retro-
spective nature of the study and the small sample size. STS are rare 
tumors and our sample size was further restricted by limiting our 
population to patients with MLS who had undergone neoadjuvant 
RT, though we note that our cohort is among the largest in similar 
studies. There is also potential error in MRI volume measurements, 
though all tumor volume measurements were reported by 
board-certified radiologists specially trained in musculoskeletal pa-
thology or performed by a single researcher to reduce interobserver 
variability. The use of neoadjuvant chemotherapy in some patients 
may also affect the ability to draw conclusions from histological 
evaluation of tumor response, as chemotherapy itself causes tumor 
necrosis. However, the identical protocol for neoadjuvant RT in all 
patients is a strength of the study. Finally, we did not examine 
long-term outcomes including disease-free and overall survival as 
this was outside the scope of this study. Further investigation with 
longer follow-up is necessary to determine the effect of RT on 
long-term outcomes in large versus small MLS tumors. 

Our results demonstrate a significant reduction in tumor volume 
and size seen after RT in MLS and support the use of neoadjuvant 
radiation therapy in these tumors. Based on our data, neoadjuvant 
RT is as effective at reducing tumor volume and generating tumor 
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necrosis in large tumors as in small tumors. Use of RT in large MLS 
tumors has the potential to increase ease of surgical resection as 
well as reduce operative time; however, large tumors on presenta-
tion seem more prone to major wound complications regardless of 
volume and size reduction. Additional studies are required to fur-
ther examine the effect of neoadjuvant RT on rates of complica-
tions and on oncologic outcomes in large MLS tumors so that clini-
cians may be as informed as possible when creating individualized 
treatment protocols for these patients.  
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