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Background: Myxofibrosarcoma (MFS) of the trunk and extremities has unique clinical features. However,
it is not clear which indicators are the influencing factors of recurrence, metastasis, and survival of trunk and
limb MFES. The aim of the present study was to analyze clinical features and prognosis of trunk and limb
MEFS.

Methods: The data of 171 patients with MFS of the trunk and extremities and a median follow-up period
of 67 months from January 1999 to July 2018 were retrospectively analyzed. Risk factors for survival,
recurrence and metastasis following resection of MFS of trunk and extremities were analyzed. The Kaplan-
Meier method (log-rank test) was used for the univariate analysis and a Cox regression model was used for
the multivariate analysis.

Results: The median age of the patients was 53 years; there were 111 males and 60 females. A total of
132 cases had French Federation of Cancer Centers grade 1, 24 cases had grade 2, and 15 cases had grade 3
MFS. The 3-year recurrence, 3-year metastasis, and 5-year survival rates were 29.2%, 19.3%, and 93.6%,
respectively. Kaplan-Meier survival analysis showed that the surgical margin (x’=22.228, P<0.001) and tumor
size (’=6.697, P=0.010) were associated with recurrence. The surgical margin (’=12.353, P<0.001) and
CD44 expression (y’'=5.227, P=0.022) were associated with metastasis. The multivariate analysis showed that
the surgical margin [hazard ratio (HR) =3.635, 95% confidence interval (CI): 1.883-7.016, P<0.001] and
tumor size (HR =1.889, 95% CI: 1.039-3.435, P=0.037) were risk factors for local recurrence. In addition,
the surgical margin (HR =4.475, 95% CI: 1.918-10.438, P=0.001) and presence of CD44 (HR =3.406, 95%
CI: 1.462-8.405, P=0.005) were risk factors for distant metastasis.

Conclusions: A negative surgical margin can be reduced effectively the rate of recurrence and metastasis
in patients with MFS of the trunk and limbs. In addition, CD44 may be used to assess the metastatic risk of
patients with MFS.
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Introduction

Myxofibrosarcoma (MFES) is one of the most aggressive
sarcomas. MFS was first described in 1977 was it was
included in the World Health Organization (WHO)
classification as a distinct pathological entity (1).
Histologically, MES is usually composed of spindle cells and
polygonal cells with nuclear atypia. Pathologically, there are
many similar morphologic neoplasms, such as low-grade
fibromyxoid sarcoma, myxoid dermatofibrosarcoma, ossified
fibromyxoid neoplasms, and superficial angiomyxoma (2).
Therefore, MFS can be easily misdiagnosed as these tumors,
which makes the diagnosis of MFS difficult. MFS usually
occurs in the extremities and limbs, and is characterized by
slow, painless growth of the mass. Despite aggressive surgical
treatment, the rate of postoperative recurrence is still high,
and the overall 5-year survival rate is only about 60-70% (3).

The factors influencing the recurrence, metastasis and
survival of MFS have attracted attention. Dewan er al.
retrospectively analyzed the clinical data of 174 patients with
MES from UK, and they think highlighting the unpredictable
nature of MFS (4). Gily et al. retrospectively analyzed the
clinical data of 109 patients with MFS from Austria, and
their results support that patients with high-grade MFS had
a poorer prognosis with respect to disease specific survival/
distant metastasis free survival than low-grade MFS (5).
Sanfilippo et al. retrospectively analyzed the clinical data of
158 patients with MFS from Italy, The results suggested that
the factors related to recurrence and metastasis include tumor
size, grade and surgical margins (6). In conclusion, there are
fewer factors for assessing disease progression in MFS.

In the present study, we evaluated the clinical data of
171 patients with MFS of the trunk and extremities to
analyze the prognostic factors associated with recurrence,
metastasis, and survival. Our research has the following
characteristics: (I) the object of study is from China; (II) the
tumor occurred in the trunk and extremities; (IIT) tumor
biomarkers (CD44, Ki67, CD68) were added to the model.
The aim of the present study was to analyze prognosis of
trunk and limb MFS.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3587).

Methods
Patients

All procedures performed in this study involving human
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participants were in accordance with the Declaration of
Helsinki (as revised in 2013). This study was approved by
the Ethics Committee of National Cancer Center/National
Clinical Research Center for Cancer/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union
Medical College (No.: NCC20200-/341). Because of the
retrospective nature of the research, the requirement for
informed consent was waived. A total of 254 patients with
MES of the trunk and limbs were registered in the Cancer
Hospital of the Chinese Academy of Medical Sciences from
March 1999 to July 2018. All patients’ pathology report
could be re-evaluated, and pathologically confirmed as
MFS according to the 2013 WHO Classification of Soft
Tissue and bone tumors (1). Infantile fibrosarcoma, low-
grade malignant fibromyxoid sarcoma, sclerosing epithelial
fibrosarcoma, and protuberant dermatofibrosarcoma were
excluded. Among them, 32 cases were complicated with
other tumors, 24 cases had metastasis, 7 cases had no
operation, and 20 cases had incomplete clinical data. A total
of 171 patients were included in the present study. A total
of 151 cases underwent operation in our hospital, and 20
cases received pathological consultations in our hospital. A
total of 161 MFS cases were confirmed for the first time by
operation in our hospital.

The observation indexes included age, sex, primary
tumor site, tumor size, French Federation of Cancer
Centers (FNCLCC) grade, tumor biomarkers (CD44,
Ki67, CD68), and adjuvant therapy. The primary sites of
the tumors were recorded according to the trunk and limbs.
Imaging data were obtained from our hospital or other
hospitals. Margin status was determined by two specialized
soft-tissue pathologists (BL, SS). Margins were classified
as RO when the tumor was at least 1 mm away from the
resection margins, otherwise margin status was classified
as R1. If gross residual tumor was present at the margin,
it was classified as R2. The tumor tissues were fixed with
10% formaldehyde solution for 24 h, dehydrated, and
embedded in paraffin. The expression of CD44, Ki67, and
CD68 was detected by immunohistochemistry. Adjuvant
therapy included radiotherapy and chemotherapy. Tumor-
free survival time was defined as the time from the operative
day to recurrence, metastasis, death, or the last follow up.
Recurrence-free survival time and metastasis-free survival
time were defined as the time from the operative day to
recurrence, metastasis, death, or the last follow up. Overall
survival time referred to the time from the operative day to
the patient's death from cancer or the last follow up. The
surgical margin was negative for RO resection based on the
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Union for International Cancer Control classification; that
is, there was no tumor residual under the microscope. The
last follow up was until December 31, 2020. Overall survival
was defined as from the time of the diagnosis of MFS to
death or the last follow up.

Adjuvant chemoradiotherapy regimen

Radiotherapy was given to the patients with a large tumor
volume, positive surgical margin, or postoperative local
recurrence. Intraoperative radiotherapy was 10-22 Gy. The
conventional dose of postoperative radiotherapy was 50-60 Gy,
which was completed in 25-30 courses. Chemotherapy
was administered after metastasis or multiple relapses,
including Al regimen (epirubicin + ifosfamide), AD regimen
(epirubicin + dacarbazine), and MAID regimen (mesna +
adriamycin + ifosfamide + dacarbazine).

The patients or their family was contacted by telephone,
WeChat, QQ (Tencent’s Internet-based instant messaging
software), or email for follow up. The start point of follow
up was the operative day, and the end point was the last
follow-up date or the date of patient death.

Statistical analysis

All data were collated and analyzed by SPSS 22.0 statistical
software (IBM, Armonk, NY, USA). General data were
analyzed by frequency distribution. The age of onset was
compared using a non-parametric test. The Kaplan-Meier
method (log-rank test) was used for the univariate analysis.
Factors assessed included age, sex, primary tumor site,
tumor size, FNCLCC grade, CD44, Ki67, CD68, and
adjuvant therapy.

A Cox regression model was used for the multivariate
analysis. Multivariate Cox regression analysis was used
where more than one predictive factor reached significance
in the univariate analysis. The test level was set at a=0.05
for the bilateral tests.

Results

Demographic and tumor characteristics of the study
population

There were 111 males and 60 females aged from 16 to
80 years in the cohort, with a median age of 53 years. There
were 88 cases of MFS in the trunk, including 1 case in the
supraclavicular region, 8 cases in the shoulder, 2 cases in
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the shoulder and back, 13 cases in the chest, 16 cases in the
abdomen, 9 cases in the back, 10 cases in the chest and back,
2 cases in the waist, 2 cases in the sacrum, 1 case in the
lumbosacral region, 2 cases in the waist and back, 3 cases
in the hip, 3 cases in the iliac fossa, 6 cases in the hip, and 5
cases in the groin. There were 83 MFS cases in the limbs,
including 9 cases in the upper arm, 4 cases in the elbow, 10
cases in the forearm, 44 cases in the thigh, 6 cases in the
knee, and 15 cases in the calf. The maximum diameters
of the tumors ranged from 1.2 to 18 cm. In 89 cases, the
largest diameter was less than 5 cm, and in 82 cases, the
largest diameter was greater than 5 cm. There were 132
cases of FINCLCC grade 1, 24 cases of grade 2, and 15 cases
of grade 3 MFS.

Magnetic resonance imaging showed that the lesions
were mainly isointense—hypointense on the T1-weighted
images (T1WIs), had mixed intensity on the T2-weighted
images (T2WIs), and obvious gyri-like high signals could
be seen. Striped low-signal segregation was observed on the
T1WIs and T2WIs. The boundaries of the lesions were
clear, and bone invasions could be partially seen.

Microscopically, spindle-shaped cells were observed to
have a uniform size and shape, low cell mass, and unclear
membrane boundaries, and they were separated by collagen
fibers arranged in a parallel pattern. Scattered giant tumor
cells and inflammatory cell infiltration were noted, and
mitotic figures were easily observed. The number of
mitotic figures ranged from 5/10 to 46/10 high power
field (HPF), and some cases were accompanied by massive
necrosis, interstitial sclerosis, and vitreous degeneration.
Well-differentiated tumor spindle cells showed a uniform
appearance without deep-stained nuclei. The cells were
curved or cross-bundled to form a typical “herringbone”
pattern. Differentiated MFS was characterized by dense,
disordered, small-sized, and round- or oval-shaped cells,
and a small amount of collagen fibers; mitosis was common.
Tumor biomarkers were positive for CD44 protein in 22
cases, Ki67 >20% in 56 cases, and CD68 in 36 cases.

Survival analysis

The number of cases in the Chinese Academy of Medical
Sciences during the study period determined the sample
size. All 171 patients underwent extensive MES resection.
Large lesions were repaired with flaps or free skin grafting.
Two patients underwent amputation. The surgical margin
was positive in 20 cases, and 50 cases developed recurrence.
The 3-year recurrence rate was 29.2%, and 33 cases had
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Figure 1 Recurrence-free survival analysis of patients based on the

surgical margin using the Kaplan-Meier method.
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Figure 2 Recurrence-free survival analysis of patients based on the

tumor size using the Kaplan-Meier method.

metastasis. There were 26 cases of pulmonary metastasis, of
which 3 cases involved multiple metastases (lung and local
lymph node metastasis in 1 case; lung, thorax, abdomen,
and right subphrenic metastasis in 1 case; and lung, pleura,
and abdominal metastasis in 1 case). The remaining 23
cases involved only pulmonary metastasis. Bone metastasis
occurred in the sacrum, femur, and lumbar spine in 3
cases, respectively. Abdominal metastasis occurred in 1
case and back metastasis occurred in 1 case. The follow-
up period ranged from 12 to 142 months, with a median
follow-up period of 67 months. Sixty cases were treated
with adjuvant therapy (35 cases with radiotherapy alone, 12
cases with chemotherapy alone, 13 cases with radiotherapy
plus chemotherapy). Among the 21 patients treated with
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Metastasis-free survival
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Figure 3 Metastasis-free survival analysis of patients based on the

surgical margin using the Kaplan-Meier method.

adjuvant therapy in the first operation, 9 cases had no
recurrence or metastasis, and 52 patients were treated
with adjuvant therapy after postoperative recurrence or
metastasis. The 3-year recurrence rate of the 171 patients
was 29.2%, the 3-year metastasis rate was 19.3%, and the
S-year survival rate was 93.6%.

The Kaplan-Meier survival analysis showed that the
surgical margin (x’=22.228, P<0.001) and tumor size
(x’=6.697, P=0.010) were associated with recurrence
(Figures 1,2). The surgical margin (’=12.353, P<0.001) and
CD44 expression (x’=5.227, P=0.022) were associated with
metastasis (Figures 3,4). There were no factors associated
with 5-year survival in the included characteristics. These
modalities are shown in Table 1. Multivariate analysis of
prognostic factors for recurrence included surgical margin
and size. Multivariate analysis of prognostic factors for
metastasis included surgical margin and CD44. The
multivariate analysis showed that the surgical margin [hazard
ratio (HR) =3.635, P<0.001] and tumor size (HR =1.889,
P=0.037) were risk factors for local recurrence, as shown
in Table 2. In addition, the surgical margin (HR =4.475,
P=0.001) and presence of CD44 (HR =3.406, P=0.005) were
risk factors for distant metastasis of MFS in the trunk and
extremities, as shown in Table 3.

Discussion
Recurrence, metastasis, and survival

With the improvement of surgical standardized treatment,
the recurrence rate of MFS had decreased. In their study,
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Figure 4 Metastasis-free survival analysis of patients based on the
CD44 using the Kaplan-Meier method.

Yoshimoto ez al. reported that the local recurrence rate in
162 patients was 34.4% (7), Gilg et al. reported that the
3-year recurrence rate of 109 patients in their study was
10% (5), and Scoccianti et /. reported that the 5-year
recurrence rate of 75 patients with MFS in their study was
23.2% (8). The results showed that there were 50 cases of
recurrent MFS in 171 patients, with a 3-year recurrence
rate of 29.2%. Among them, the 3-year recurrence rate
was 65% in 20 patients with positive margins and 24.5%
in 151 patients with negative margins, which was generally
consistent with existing reports (5,7,8).

The metastatic rates of MFS reported by different
studies vary greatly. Yoshimoto et a/. reported that
the distant metastasis rate of MFS was 12.2% in their
study (7), but Gilg ez al. reported that the 3-year survival
rate of 162 MFS patients was 23% in their study (5).
Moreover, in their study, Mithlhofer er 4/. reported that
the metastasis rate of MFS was 36.2%, and the mean
metastasis time was 20.4 months (9). In their study
Sanfilippo et al. reported that the MFS metastasis rate
was 65% (6). In the present study, the metastasis rate was
19.3%, and pulmonary metastasis occurred in 26 cases.
In addition, there were 3 cases of bone metastasis in the
sacrum, femur, and lumbar vertebrae, respectively, in this
group. Tumors were located in the lumbosacral, thigh,
and lumbar back. It was found that tumors associated
with bone metastasis were adjacent to the affected bone.
One case presented with lymph node metastasis in the
inguinal region and lung metastasis.

The survival rates of patients with MFS reported in
several studies were relatively similar. Gilg ez /. reported a
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3-year survival rate of 79% and a 5-year survival rate of 76%
in 162 patients with MFS (5). The 5-year survival rate of
158 MFS patients reported by Sanfilippo ez al. was 77% (6),
while the 5-year survival rate of 172 MFS patients reported
by Dewan ez al. was 63% (4). However, our study found that
the 5-year survival rate of the 171 patients was 93.6%, which
was much higher than these reports. The Kaplan-Meier
survival analysis showed that adjuvant therapy improved
the survival rate of the patients. However, the multivariate
analysis did not support any independent factors influencing
the 5-year survival rate. This may be related to the increased
survival rate of patients and decreased number of deaths. In
clinical practice, doctors often administer adjuvant therapy
to patients with a poor prognosis.

Surgical margin and tumor size

Surgery is the preferred treatment for MFS. The methods
for extensive resection of MFS are similar to the surgical
methods for soft-tissue sarcoma, including a 3-5-cm
resection of the normal tissue adjacent the tumor (10).
When the skin is involved, a 3-cm area adjacent to the
affected skin is excised (11). For patients whose tumors
invade nerves and blood vessels, if the important nerves
and blood vessels can be dissected and separated during
the operation, the limbs can be preserved by internal and
external irradiation. Amputation was performed in patients
with an advanced tumor grade and tumor rupture in
general. In the case of the chest wall, it is often necessary
to remove the ribs, repair the chest wall, and use a free
musculocutaneous flap for repair. After excision of the large
abdominal wall, the defect can be repaired by a skin flap or
medical patch (12).

Multiple studies have confirmed that surgical margin
and tumor size are closely related to the prognosis of
patients with MFS. In their study, Dewan et /. showed
a correlation between tumor size and MFS survival (4).
Fujiwara er al. reported that 52 of their cases had resection
margins >10 mm, 195 cases had resection margin of 0-
9.9 mm, and 31 cases had negative resection margins in
191 cases of undifferentiated pleomorphic sarcoma and 87
cases of MFS (13). The results showed that margins were
associated with progression-free survival, but the clinical
data of MFS were not analyzed separately in this study (13),
so it is not possible to directly infer whether margin is
statistically related to MFS. Sanfilippo et /. found that
tumor size and margins were statistically significant
predictors of survival (6). Gilg er al. showed that R1 status
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Table 1 Demographic and tumor characteristics of the 171 cases of myxofibrosarcoma of the trunk and extremities

Factors Case No. 3-yezi;tr:c(;;:)rence b P value 3—yei;:; e(f;jtasis ¥ Pvalue 5-yf;;s(t:/|;\;ival 2 P value

Sex
Female 60 25.0 0.684  0.408 19.8 0.02 0.887 96.7 1.450 0.229
Male 111 21.5 18.3 91.9

Age at diagnosis (years)
<53 83 27.7 0.160  0.689 20.5 0.114 0.736 92.8 0.055 0.815
>53 88 30.7 18.2 94.3

Site
Extremity 93 23.7 0.454 0.5 22.9 0.885 0.347 94.3 0.001  0.971
Trunk 78 25.0 15.9 92.8

Size (cm)
<5 89 20.2 6.697 0.010 14.6 2.581 0.108 95.5 1.011  0.315
>5 82 39.0 24.4 91.5

FNCLCC grade
Grade 1 132 28.8 1.641 0.440 19.7 1.198 0.549 94.7 2.754  0.252
Grade 2 24 25.0 12.5 87.5
Grade 3 15 40.0 26.7 93.3

Ki67 (%)
<20 115 29.6 0.142 0.706 17.4 1.062 0.303 94.8 2.031 0.154
>20 56 28.6 23.2 91.1

CD44
Negative 149 30.2 0.447 0.504 16.8 5.227 0.022 93.3 0.173  0.677
Positive 22 22.7 34.4 95.5

CD68
Negative 135 30.4 0.384 0.535 19.3 0.00 0.986 91.9 2.989 0.089
Positive 36 25.0 19.4 100

Surgical margin
Negative 151 24.5 22.228 0.001 25.9 12.353 0.001 94.0 1.817 0.178
Positive 20 65.0 45.0 90.0

Adjuvant chemotherapy/radiation (%)
No 111 NA NA NA NA NA NA 91.9 1.880 0.170
Yes 60 NA NA 96.7

FNCLCC, French Federation of Cancer Centers; NA, no available statistics.
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Table 2 Multivariate analysis of prognostic factors affecting
recurrence in the 171 cases of myxofibrosarcoma of the trunk and
extremities

Hazard ratio

Characteristics (95% confidence interval) P value
Surgical margin <0.001
Negative Reference
Positive 3.635 (1.883-7.016)
Size (cm) 0.037
<5 Reference
>5 1.889 (1.039-3.435)

Table 3 Multivariate analysis of prognostic factors affecting
metastasis in the 171 cases of myxofibrosarcoma of the trunk and

extremities
Characteristics ©95% cii?iadr:n':etlionterval) P value
Surgical margin <0.001
Negative Reference
Positive 4.475 (1.918-10.438)
CD44 0.005
Negative Reference
Positive 3.506 (1.462-8.405)

was an independent factor in recurrence-free survival of
MES (odds ratio: 8.5, 95% CI: 1.59-49.79) (5).

In the present study, the 20 patients with positive incision
margins had a 3-year recurrence rate of 65%, which was
higher than the 24.5% recurrence rate in the negative
incision margin group, and a 3-year metastasis rate of 45%,
which was higher than the 25.9% metastasis rate in the
negative incision margin group. The multivariate analysis
showed that the surgical margin was an independent risk
factor for recurrence and metastasis within 3 years. The
results of this study showed that the tumor size was an
independent factor influencing the 3-year recurrence rate.
The larger the tumor, the more extensive its invasion to
surrounding tissues will be. Therefore, RO resection is
difficult to achieve. Therefore, the larger the tumor, the
higher the recurrence rate.
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Immunobhistochemical analysis

Immunohistochemistry of MFS was usually positive for
vimentin; partially positive for Ki67, CD44, and CD68;
and negative for S-100, AE/AE3, and a-SMA (14,15).
Immunohistochemical biomarkers provide an important
observational index for the diagnosis and prognosis of
tumors. Increasing attention has been paid to the factors
related to metastasis. Ki67 is a protein encoded by the Ki67
gene and is closely associated with cell proliferation. Some
studies have found that it can predict the prognosis of breast
cancer patients with bone metastasis (16). However, the
value of Ki67 as an indicator of the therapeutic response to
adjuvant treatment in patients with soft-tissue sarcomas has
been questioned (17).

CD44, a member of the cell-adhesion molecule family,
is a I transmembrane glycoprotein encoded by a single
gene, which is widely expressed on the surface of a variety
of cells and tissues (18). CD44 can be modified to form a
variety of isomers, which can be combined with a variety
of ligands on the cell surface to participate in various
physiological and pathological processes. Current studies
have confirmed that CD44 is abnormally highly expressed
in breast cancer, gastric cancer, and colorectal cancer, and
is involved in the growth and aggressive behavior of these
tumors (19-22). Tsuchie et 4/. reported (22) an average
CD44-positive cell rate of 34.6%+20.4% in 44 patients with
MEFS, and high CD44 expression did not increase the rate
of distant metastasis in MFS patients, but shortened event-
free survival (OR: 1.032, 95% CI: 1.010-1.053). Moreover,
the recurrence-free survival of high CD44 expression
was shorter than the recurrence-free survival of normally
expressed CD44 in MFS patients with negative incitement
margins (OR: 1.059, 95% CI: 1.014-1.106) (22).

CD68 is a biomarker of tumor-associated macrophages
(TAMs) (23). The expression of TAMs is associated with
epithelial-to-mesenchymal transition (24). Under chronic
inflaimmation, TAMs can differentiate into cells that can
support tumor growth, promote extracellular matrix
remodeling, angiogenesis, and immunosuppression, and
enhance the invasion ability of cancer cells by secreting a
variety of factors. The CD68 protein can be detected in the
pathological tissue of some MFS patients, and it is distributed
in the tumor nest, tumor stroma, or peri-tumor stroma.

In this study, there were 56 MFS patients (32.7%) with
Ki67 expression >20%, and 36 MFS patients (21.1%)
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were CD68 positive. There was no significant correlation
between Ki67 expression (>20%) and the recurrence or
metastasis of MFS.

Evaluation research

Some studies have shown that grade is the influencing factor
of MFS. Gilg et al. showed that grade was an independent
factor in progression-free survival, as well as in metastasis-
free survival (5). Scoccianti et /. found that higher grades
were associated with higher recurrence rates (8). Factor
analysis results in our study showed that there was no
statistical significance between FNCLCC grade and the
recurrence, metastasis, and survival of patients with MFES,
which was different from Gilg’s and Scoccianti’s study. This
is probably due to sample bias.

CD109, a TGF-b co-receptor, is reported to be
preferentially expressed during the early stages of
tumorigenesis in several carcinoma types (25). Some
studies have reported that CD109 expression in MFS is
associated with poor prognosis. CD109 was not analyzed in
the present study. However, the inclusion of CD109 may
change the current multivariate analysis model.

Factors influencing survival can only be calculated with
a sufficient sample size. However, all tumor-related deaths
in the present study were due to metastasis. In addition,
a more reliable analysis model can be established for
the analysis of factors related to the survival of patients
after metastasis with the sample size is >50. Therefore,
no statistically significant factors affecting the survival of
patients with MFS were found in the present study.

Conclusions

A positive surgical margin is an important cause of
recurrence and metastasis in patients with MFS of the
trunk and extremities. Extended resection is the first-choice
therapy for patients with MFS. For those with a positive
incision margin, appropriate adjuvant therapy may reduce
the mortality rate caused by the recurrence and metastasis
of tumors.
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