
Summary. A solitary fibrous tumour (SFT) is a
mesenchymal tumour that exhibits fibroblast
differentiation and rarely occurs in the retroperitoneum.
The main purpose of this study was to explore the
clinical manifestation, histopathological features and
biological behaviour of retroperitoneal SFT. From 2011
to 2020, 31 patients were hospitalized and diagnosed
with retroperitoneal SFTs. We summarized and analysed
the morphological features, immunophenotype,
treatment and prognosis. Patients (13 M; 18 F) ranged in
age from 25 to 79 years with a mean age of 53.6 years.
The main symptoms included an abdominal mass
(48.4%) and abdominal discomfort (25.8%). The mean
maximum diameter of the tumours was 12.9 cm (range,
4-40 cm). Histopathologically, there were 17 classic
cases and 14 hemangiopericytoma-like cases. The
tumour cells were positive for STAT6 (96.8%), CD34
(96.8%), CD99 (93.5%) and BCL-2 (90.3%). All
patients were treated with complete surgical excision,
and 3 of the patients also received chemotherapy. After a
median follow up period of 44 months (range, 6 to 107
months), 2 patients died. Patients in the high- or
intermediate-risk group were prone to metastasis and/or
recurrence. The sites of metastases and/or recurrences
involved the liver, bone and pelvis. The Ki-67 labelling
index in the high-intermediate risk group (median, 10%)
was significantly higher than that in the low-risk group
(median, 3%). The retroperitoneal SFT demonstrates an
indolent clinical course, and patients from the high- or
intermediate-risk group require close follow-up. A Ki-67
labelling index ≥10% may be used as an important

reference for prognosis.
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Introduction

Solitary fibrous tumours (SFTs) are heterogeneous
mesenchymal tumours exhibiting variable clinical and
biological characteristics (Demicco et al., 2020). SFT
was first reported to occur in the pleura (Klemperer and
Coleman, 1992), and it was later confirmed that it can
also occur at any anatomic site including the head and
neck (Smith et al., 2017), trunk (Ge et al., 2016), and
lower extremities (Chuang et al., 2016). However, an
SFT in the retroperitoneum is extremely rare, and the
existing literature on SFTs is limited (Yoh et al., 2014).
Owing to its rarity, retroperitoneal SFTs are not fully
understood.

SFT was defined as a fibroblastic tumour
characterized by a prominent, branching, thin-walled,
dilated vasculature and NAB2-STAT6 gene
rearrangement by the 2020 WHO classification of soft
tissue and bone tumours. Most SFTs are histologically
benign, but approximately 12-22% of cases are
malignant (Campbell and Antippa, 2006). Although
adverse outcomes were associated with mitotic activity,
tumour necrosis and size, histologically benign SFTs
have been reported to metastasize and/or to recur (Gold
et al., 2002). Therefore, it is challenging to evaluate the
biological behaviour of the SFT.

Of note, morphologic and immunophenotypic
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overlap with other spindle cell sarcomas in the
retroperitoneum often makes the diagnosis of SFT
difficult. Until recently, some studies have identified
NAB2-STAT6 gene fusions and STAT6 overexpression in
the vast majority of SFTs (Doyle et al., 2014b; Chuang
et al., 2016). The application of these auxiliary
examinations made it possible to accurately diagnose
SFTs. Moreover, focusing on these histological
parameters, including atypical, cellular, and mitotically
active parameters, would enable us to promptly consider
this diagnostic possibility and to predict its prognosis.
There have been a few studies on the clinicopathological
correlation in SFTs (Demicco et al., 2012; Feasel et al.,
2018). However, the present study is the largest one to
investigate the clinical manifestation, morphology,
immunophenotype, diagnosis, biological behaviour and
prognosis of this unusual entity.
Materials and methods

Patient enrolment

Patient files from the Department of Pathology of
the authors and colleagues who participated in this study
during the period from March 2011 to April 2020 were
retrospectively reviewed. This retrospective review was
conducted with a protocol approved by the Ethics
Committee of the hospitals. The clinical data from the
institutional archives and Electronic Medical Record
System were collected and analysed anonymously,
including the patient age, sex, vital status, date of the last
follow-up, primary tumour site, site of metastasis and
recurrence, and chemotherapeutic and surgical
interventions. Cases with incomplete clinical data or no
follow-up information were excluded from this study.
All patients were definitively diagnosed with SFT by
postoperative pathological and immunohistochemistry
examination. Routine haematoxylin and eosin slides
were reviewed by two experienced pathologists, and
immunohistochemical examinations and fluorescence in
situ hybridization (FISH) were performed for diagnosis
and differential diagnosis. Histopathological variables
were evaluated, and a tumour risk stratification model

for metastasis or recurrence was established according to
the 2020 WHO classification of soft tissue and bone
tumours.
Immunohistochemistry and fluorescence in situ
hybridization (FISH)

Immunohistochemistry was performed on 4 mm-
thick formalin-fixed paraffin-embedded tissue sections
according to the manufacturer’s instructions. The panel
of primary antibodies was as follows: STAT6, CD99,
BCL-2, CD34, vimentin, S-100, SMA, CD117, DOG-1,
Ki-67 and MDM2 (antibody information is detailed in
Table 1). Specifically, immunoactivity for STAT6 was
evaluated using the following scale described by Doyle
et al (the positive proportion was scored as “1+ for <5%,
2+ for 5-25%, 3+ for 26%-50%, 4+ for 51%-75%, and
5+ for >75%”, and the staining intensity was scored as
“0 for no staining, 1 for light yellow, 2 for yellowish
brown, and 3 for brown”). The expression patterns of the
other primary antibodies are also listed in Table 1. In
addition, all cases in this study underwent an MDM2
gene amplification test in order to exclude
dedifferentiated liposarcoma.
Statistical analysis

Significant differences between groups were
determined using one-way analysis of variance (one-way
ANOVA). A p<0.05 was considered statistically
significant. Analyses were conducted with Prism 7.0
(GraphPad Software, Inc.).
Results

Clinical characteristics

Thirty-one cases were identified in the pathology
archives and Electronic Medical Record System (Table
2). The patients included 13 males and 18 females aged
from 25 to 79 years with an average age of 53.6 years at
diagnosis. The patients’ symptoms varied and were non
specific, and included a palpable mass (n=15),
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Table 1. List of antibodies.

Antibody Positive part Dilution Clone Company Retrieval

STAT6 Nucleus Prediluted EP325 ZSJQ-BIO, China EDTA ph8.0
CD99 Cytoplasm/membrane Prediluted HO36-1.1 ZSJQ-BIO, China EDTA ph8.0
BCL-2 Cytoplasm/membrane Prediluted EP36 ZSJQ-BIO, China EDTA ph8.0
CD34 Cytoplasm/membrane Prediluted EP88 ZSJQ-BIO, China EDTA ph8.0
Vimentin Cytoplasm Prediluted EP21 ZSJQ-BIO, China EDTA ph8.0
S-100 Nucleus/cytoplasm Prediluted 15E2E2+4C4.9 ZSJQ-BIO, China EDTA ph8.0
CD117 Cytoplasm/membrane Prediluted SC168 ZSJQ-BIO, China EDTA ph8.0
SMA Cytoplasm Prediluted UMAB237 ZSJQ-BIO, China EDTA ph8.0
MDM2 Nucleus/ cytoplasm Prediluted 1E6&17B3 ZSJQ-BIO, China EDTA ph8.0
Ki-67 Nucleus Prediluted MIB1 ZSJQ-BIO, China EDTA ph8.0

ZSJQ-BIO, Zhong Shan Jin Qiao-Biology



abdominal pain (n=7), abdominal distention (n=1),
dysuria (n=1) and extremity weakness (n=1). However, 6
of the 31 patients (19.4%) had no symptoms at all, and
the tumours were discovered incidentally during
physical examination. The tumours had different
adjacent structures involving the pancreas, kidney, psoas
major, bladder, rectum, liver, ureter, ileum, intestine,
omentum and ovary. All patients underwent surgical
resection, and 2 of them also received chemotherapy or
chemoradiotherapy (case 9 received a chemotherapy
with ifosfamide and nedaplatin, and case 31 received
ifosfamide plus radiotherapy). The tumour size ranged
from 4 to 40 cm with a mean maximum diameter of 12.9
cm. Of note, there were three masses in case 3 and two
masses in cases 29 and 31.
Pathologic features

Macroscopically, the tumours were usually large in
size and slightly hard in texture. The appearance of the
tumours was grey-red, with no evident haemorrhage or
necrosis on the cut surface. The histopathologic features,
including cell density, cellular atypia and necrosis, and
mitoses, of each case are summarized in Table 3. The

entire morphologic spectrum of retroperitoneal SFTs was
presented in our series, including 14 cases of cellular
SFT and 17 cases of classic SFT. Microscopically, the
cellular variants were composed of ovoid, monomorphic
cells with various staghorn-like vessels. The classic
variants demonstrated sparse tumor cells haphazardly
arranged in coarse collagen fibres (Fig. 1). Mitotic
activity ranged from 0 to 6 mitotic figures/10 high-
power fields (HPFs) (mean, 1.7/10 HPF). Twenty-two
cases were diagnosed as borderline SFT, and 9 cases (1,
3, 4, 9, 12, 18, 23, 29 and 31) were diagnosed as
malignant SFT according to the criteria for malignancy:
striking hypercellularity, mitotic rates, and necrosis.
Immunohistochemical and FISH studies

The immunohistochemistry results of each marker
are shown in Table 4. Thirty of the 31 cases of SFT
(96.8%) showed nuclear staining for STAT6, which was
usually diffuse (5+ in 21 cases; 4+ in 7 cases; and 3+ in
2 cases) and intense (strong in 22 cases; moderate in 7
cases; and weak in 1 case). Tumour cells were positive
for vimentin (31/31, 100%), CD34 (30/31, 96.8%),
CD99 (29/31, 93.5%) and BCL-2 (28/31, 90.3%) (Fig.
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Table 2. Clinical data of 31 patients with retroperitoneal SFT.

Case no. Symptom Adjacent Treatment Maximum Recurrence/ Metastasis/ Follow up/
/gender/age structure diameter/cm Months months/location months

1/F/55 Palpable mass Pancreas, Kidney SE 40 Yes/6 No 44, alive
2/F/49 Palpable mass Bladder SE 9 No No 44, alive
3/F/48 Abdominal distention Right kidney SE 20, 8 and 3 No No 47, alive
4/M/57 Palpable mass Bladder, Rectum SE 20 No No 71, alive
5/M/57 Abdominal pain Left kidney SE 15 No No 100, alive
6/M/56 Abdominal pain Bladder SE 16 No No 99, alive
7/M/55 Abdominal pain Liver SE 16 No No 44, alive
8/M/32 Asymptomatic Left upper retroperitoneum SE 18 Yes/48 Yes/48/Liver 107, alive
9/F/64 Abdominal pain Ureter，Rectum SE+CT 11 Yes/24 Yes/24/Liver and bone 92, died
10/M/58 Palpable mass Ileum SE 5 No No 58, alive
11/M/78 Palpable mass Intestine SE 21 No No 24, died of lung cancer
12/M/51 Abdominal pain Bladder SE 10 No No 28, alive
13/F/52 Asymptomatic Right kidney SE 6.5 No No 75, alive
14/F/62 Asymptomatic Intestine SE 4 No No 100, alive
15/F/57 Asymptomatic Omentum SE 4 No No 18, alive
16/F/46 Palpable mass Omentum SE 6 No No 31, alive
17/F/25 Abdominal pain Bladder, Ureter SE 11 No No 57, alive
18/F/66 Abdominal pain Ovary SE 16 No No 73, alive
19/F/53 Asymptomatic Ureter, Rectum SE 6 No No 28, alive
20/F/46 Asymptomatic Bladder, Omentum SE 5 No No 43, alive
21/M/59 Palpable mass Bladder SE 17 No Yes/65/psoas major 69, alive
22/F/60 Palpable mass Bladder SE 7 No No 56, alive
23/M/45 Palpable mass Bladder SE 9 No No 49, alive
24/F/43 Palpable mass Bladder SE 11 No No 35, alive
25/M/61 Palpable mass Ureter SE 14 No No 30, alive
26/F/60 Palpable mass Sigmoid colon SE 13 No No 28, alive
27/M/61 Dysuria Bladder SE 15 No No 14, alive
28/F/36 Palpable mass Rectus abdominis，Bladder SE 15 No No 14, alive
29/F/79 Extremities weakness Ileum, appendix SE 8, 6 No No 12, alive
30/M/36 Palpable mass Bladder SE 12 No No 6, alive
31/F/55 Palpable mass Pancreas, Kidney SE+CT+RT 20, 10 Yes/6 Yes/12/ Liver 39, alive

F, female; M, male; SE, surgical excision; CT, chemotherapy; RT, radiotherapy.



2). Almost all the tumours were negative for SMA
(0/31), CD117 (0/31), desmin (1/31) and S-100 (1/31).
MDM2, a useful marker for the diagnosis of
dedifferentiated liposarcoma, was also negatively
expressed in 31 cases of retroperitoneal SFT (data not
shown in Table 4). The immuno¬histochemistry for the
Ki-67 labelling index showed 1% to 30% positive for
nuclear of tumours cells (median, 5%), and it was 10%
or higher in 35.5% of cases. In addition, there was no
MDM2 gene amplification in any of the cases by FISH.
Follow up information

Thirty-one patients underwent complete follow up
for 6 107 months (median, 44 months). By the last
follow-up, 2 patients died (one patient died of extensive
metastasis of the SFT and the other died of lung cancer),
and 29 patients were alive. Of the 29 surviving patients,
3 cases (cases 8, 9 and 31) presented with liver
metastasis and local recurrence, and case 9 also
presented with bone metastasis. Two patients presented
with local recurrence (case 1) or metastasis (case 21).
The status of each patient at the last follow up is
summarized in Table 2.
Risk stratification and the Ki-67 labelling index

All cases were classified by the risk stratification
criteria according to the 2020 WHO classification of soft
tissue and bone tumours. Total scores based on age, size,
and the mitotic index were used to evaluate the risk for
progression (Low: 0-2, Intermediate: 3-4, and High: 5-
6). Of the 31 cases, 9 cases, including 5 histopathologic
features of malignancy were high risk (9/31), 11 cases
including 3 histopathologic features of malignancy, were
intermediate risk (11/30), and 11 cases (11/30), including
1 histopathologic feature of malignancy, were low risk
(Table 5). In the high-risk group, 2 patients (cases 9 and
31) developed liver and/or bone metastases and 2
patients had local recurrence, with a median follow-up
period of 45.5 months (range, 12 to 100 months). In the
intermediate-risk group, 1 patient developed liver
metastasis, with a median follow-up period of 44 months

(range, 6 to 107 months). However, no patients from the
low-risk group developed metastasis or recurrence, with
a median follow-up period of 44 months (range, 18 to
100 months).

The median of Ki-67 levels of the low-,
intermediate-, and high-risk groups were 3% (range, 1%
to 10%), 3% (range, 1% to 20%) and 15% (range, 1% to
30%), respectively. The median Ki-67 level of the high-
risk group was significantly higher than that of the
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Fig. 1. Histologic illustration of retroperitoneal SFT with low (A), intermediate (B) and high (C) risk. Scale bars: A, 100 μm; B, 50 μm; C, 25 μm.

Table 3. Histopathologic Features of retroperitoneal SFT.

No Morphologic Cell Cellular Mitoses Necrosis
Features density atypia (No./10HPF)

1 Classic Medium High 1 N
2 Cellular High High 0 N
3 Classic Medium High 6 Y
4 Cellular High Medium 0 Y
5 Classic High High 4 N
6 Cellular High High 0 N
7 Classic Low Low 0 N
8 Classic High High 1 N
9 Cellular High High 5 Y
10 Classic Medium Low 0 N
11 Cellular High High 0 N
12 Cellular High Medium 3 N
13 Classic Low Low 0 N
14 Classic Low Low 0 N
15 Cellular High Medium 0 N
16 Cellular High Medium 2 N
17 Classic Medium Low 0 N
18 Cellular Medium Low 0 N
19 Cellular High Medium 2 N
20 Cellular High Medium 0 N
21 Cellular High Medium 5 Y
22 Classic High Medium 2 Y
23 Classic Medium Medium 1 N
24 Classic Low Low 0 N
25 Cellular High High 5 N
26 Classic Medium Medium 0 N
27 Classic Medium Low 0 N
28 Classic Medium Medium 4 Y
29 Cellular High High 5 Y
30 Classic Medium Medium 2 N
31 Classic Medium High 5 Y

N, No; Y, Yes.
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Table 4. Immunohistochemical phenotype of retroperitoneal SFT.

No STAT6 CD99 BCL-2 CD34 Vimentin S-100 SMA Desmin CD117

1 5+ + + + + - - - -
2 5+ + + + + - - - -
3 5+ + + + + - - - -
4 4+ - + + + - - - -
5 4+ + + + + - - - -
6 5+ + + + + - - - -
7 5+ + + + + - - - -
8 5+ + + + + - + - -
9 4+ + - + + - - - -
10 5+ + + + + - - - -
11 5+ + + + + - - - -
12 5+ + - + + - - - -
13 5+ + - + + - - - -
14 5+ + + + + + - - -
15 5+ + + + + - - - -
16 5+ + + + + - - - -
17 4+ + + + + - - - -
18 4+ + + + + - - - -
19 5+ + + - + - - - -
20 5+ + + + + - - - -
21 5+ + + + + - - - -
22 5+ + + + + - - - -
23 5+ + + + + - - - -
24 3+ + + + + - - - -
25 3+ + + + + - - - -
26 4+ - + + + - - - -
27 5+ + + + + - - - -
28 - + + + + - - - -
29 5+ + + + + - - - -
30 4+ + + + + - - - -
31 5+ + + + + - - - -

Table 5. Risk stratif ication and the Ki-67 labell ing index of
retroperitoneal SFT.

Case Total score Risk stratification Ki-67(%)

1 5 High 3%
2 1 Low 5%
3 5 High 30%
4 4 Intermediate 10%
5 6 High 1%
6 4 Intermediate 3%
7 4 Intermediate 3%
8 4 Intermediate 20%
9 5 High 30%
10 2 Low 5%
11 4 Intermediate 3%
12 3 Intermediate 20%
13 1 Low 3%
14 1 Low 1%
15 1 Low 1%
16 1 Low 1%
17 2 Low 1%
18 4 Intermediate 10%
19 1 Low 10%
20 1 Low 3%
21 6 High 15%
22 3 Intermediate 5%
23 2 Low 5%
24 2 Low 3%
25 5 High 10%
26 3 Intermediate 1%
27 4 Intermediate 3%
28 5 High 8%
29 5 High 30%
30 3 Intermediate 1%
31 6 High 15%

The total score of each case was calculated according to the 3-tiered
model proposed by Demicco et al. Risk stratification: Low 0-2,
Intermediate 3-4 and High 5-6.

Fig. 2. Immunohistochemistry examination showing that the tumours were positive for STAT6 (A), CD34 (B), BCL-2 (C), CD99 (D), Ki67 >10% (E) and
Ki67<10% (F). Scale bars: A-D, 25 μm; E-F, 100 μm.



intermediate- and low-risk groups (P<0.05 and P<0.01,
respectively). However, Ki-67 levels were not
significantly different between the intermediate- group
and low-risk groups (P>0.05). Interestingly, the Ki-67
level in the high-intermediate risk group (median, 10%)
was still significantly higher than that in the low-risk
group (P=0.034).
Discussion

A SFT is a fibroblast differentiation tumour with
uncertain biological potential that seldom occurs in the
deep soft tissues, particularly the retroperitoneum. Since
hemangiopericytoma was classified into the entity of
solitary fibrous tumour in the 2013 WHO classification
of soft tissue tumours, the morphological spectrum of
the tumour was greatly expanded. The present study
reviewed 31 cases of SFT in the retroperitoneum, an
uncommon location that lacks a large series of case
reports.

According to previous studies (Demicco et al., 2012;
Rajeev et al., 2015), retroperitoneal SFTs usually
occurred in middle aged patients, especially those aged
50-60 years old. However, SFTs can also occur in young
patients such as in the present study. Consistent with
these findings, the variation in gender ratio was slight.
The maximum diameters of the SFTs were usually large,
with 64.5% of cases ≥10 cm. The symptoms varied
depending on the location of the lesion, and 74.2% of
patients (23/31) presented with non-specific physical
symptoms of abdominal discomfort. It was observed that
71% of cases (5/7) with tumour sizes less than 6.5 cm
caused no clinical symptoms. Therefore, this subgroup
of cases is often incidentally discovered during physical
examination. The main reason why retroperitoneal SFTs
are difficult to detect may be due to the large cavity and
the hidden growth pattern of the tumour. SFTs of the
skin, extremities and other sites present with obvious
signs, and symptoms of mass lesions are likely to be
diagnosed early. Patients with retroperitoneal SFTs tend
to have a larger size than those that occurring in other
sites. Tumour size ≥10 cm was considered an important
basis for benign and malignant judgements or a predictor
of worse outcome for metastasis (England et al., 1989;
Gold et al., 2002; Demicco et al., 2012; van Houdt et al.,
2013).

STAT6, fused with the NAB2 gene forming the
NAB2-STAT6 fusion gene on chromosome 12q13, is
regarded as a highly specific and sensitive marker of
SFT. Previous studies demonstrated that STAT6 protein
was positively nuclear expressed in 98% of SFTs (Doyle
et al., 2014b; Feasel et al., 2018). In addition, SFTs are
also positive for CD34, BCL-2, CD99 and vimentin.
However, these markers often lack specificity. CD34, a
marker frequently used for the diagnosis of SFTs, has
been shown to be positive in other mesenchymal
neoplasms such as gastrointestinal stromal tumours,
dermatofibrosarcoma protuberans and adipocytic
tumours. Furthermore, frequent expression of CD99 and

BCL-2 has also been reported in many spindle cell
tumours (Hirakawa et al., 1996; Doyle et al., 2014b).
The immunohistochemistry results of the present study
demonstrated that STAT6 and CD34, which were shown
to be better than other markers, were recommended for
the use of diagnosis of retroperitoneal SFTs. This finding
is the same as that selected by a series of 26 cutaneous
SFTs studied by Feasel et al. (2018). However, some
studies have confirmed that dedifferentiated
liposarcoma, one of the primary histologic differential
diagnoses, is also positive for STAT6 (Doyle et al.,
2014a; Creytens et al., 2015).

According to the literature, liposarcoma is the most
common mesenchymal tumour of the retroperitoneum,
accounting for 32% of tumours located in this space
(Lee et al., 2011; Lochan et al., 2011). Dedifferentiated
liposarcoma, one of the most common histological
subtypes, had both clinical and histologic overlap with
SFT. In terms of age at onset, there was no difference
between SFT and dedifferentiated liposarcoma (Hong et
al., 2010). Moreover, both of these types of tumours in
the abdominal cavity had similar clinical manifestations
and imaging findings. Interestingly, STAT6, located at
12q13, was also confirmed to be amplified in
dedifferentiated liposarcoma (Doyle et al., 2014a).
However, STAT6 protein expression analysed by
immunohistochemistry showed weak intensity in
dedifferentiated liposarcoma (Doyle et al., 2014b).
Histopathologically, retroperitoneal dedifferentiated
liposarcoma and SFT tend to be low to intermediate
tumours. Therefore, this clinical information and results
can sometimes pose a challenge in the diagnosis of SFT.
Given the specific expression of CDK4 and MDM2 in
dedifferentiated liposarcoma, the examination of these
markers by immunohistochemistry or MDM2
amplification are necessary for differential diagnosis
(Binh et al., 2005; Kammerer-Jacquet et al., 2017).

In addition, extra-gastrointestinal stromal tumours
(E-GISTs) and aggressive fibromatosis were considered
when confronted with tumours centred on the
retroperitoneum. Characteristics of spindle cells,
sclerosing collagen, hypercellularity, and mucoid
degeneration can also be observed in GIST. In addition
to positive expression of CD34, GISTs showed strong
positivity for CD117 and DOG1 markers, which were
usually negative in SFTs. Aggressive fibromatosis arises
as a slowly growing palpable mass that is usually
asymptomatic. Histopathologically, tumours were
composed of elongated, slender, spindle-shaped cells. In
some cases, apparent nuclear hyperchromasia or
cytological atypia may help exclude aggressive
fibromatosis. It is worth noting that β-catenin was
strongly nuclear positive in 70%-75% of aggressive
fibromatosis, and it was also expressed in 40% of SFTs
(Ng et al., 2005).

The prognosis of patients with retroperitoneal SFT
was favourable. Patients who underwent complete
tumour resection showed 93.5% of survival after the
follow-up period of 6-107 months, except for one patient
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who died directly from widespread metastasis of SFT at
92 months after the first surgery. Although tumours
located in the mediastinum, abdomen, pelvis and
retroperitoneum tend to behave more aggressively than
those in the superficial sites, the mean of Ki-67 labelling
index (8.3%) in the present study still suggested that
retroperitoneal SFT was a low-grade soft tissue tumour.
Our study demonstrated that the metastasis and/or
recurrence rate of retroperitoneal SFT was only 16.1%
(5/31), which was much lower than that of other
sarcomas in the retroperitoneum (Lee et al., 2011;
Lochan et al., 2011). These data were still within the
range of the 10% to 30% reported in the literature.
Extrapleural SFTs are usually more aggressive than
pleural SFTs, particularly in cases occurring in the
mediastinum, pelvis, and meninges (Ronchi et al., 2018).
Up to 10% of pleural SFTs were malignant (Travis et al.,
2015). Our research also confirmed that the proportion
of retroperitoneal malignant SFTs (29%) was
significantly higher than that of pleural SFTs. However,
the cases of recurrence or metastasis were completely
from the high- and intermediate-risk groups. Eighty
percent of cases (4/5) in the study recurred or
metastasized within 2 years. Some cases with obvious
malignant morphological characteristics showed no
metastasis or recurrence, although it had been followed
up for a long time. Therefore, the sharp use of borderline
or malignant terms may not accurately reflect the
metastatic potential of tumours.

The Ki-67 labelling index is often used to predict the
prognosis of malignant tumours. However, there have
been no relevant reports on the Ki-67 levels associated
with the prognosis of SFT in the retroperitoneum. In the
present study, immunohistochemistry results for Ki-67
levels revealed that the tumour cells proliferative index
in the high- and high-intermediate risk groups was
higher than that of the low-risk group (median Ki-67%:
15% vs 10% vs 3%). Although the proportion of
recurrence or metastasis in the high-intermediate risk
group was significantly higher than that in the low-risk
group, there were still some cases whose prognosis was
difficult to predict. Therefore, we recommended that
some patients with high Ki-67 expression in this group
should be followed up closely for a long time to avoid
overtreatment. Based on the statistical results, Ki-67
≥10% can be used as an important auxiliary reference
for the prognosis of patients in the high-intermediate risk
group. However, a more accurate cut-off value still
requires longer follow-up. Previous studies demonstrated
that metastatic sites of SFT were frequently observed in
the liver, bone and lungs (Vallat-Decouvelaere et al.,
1998). Our study also found that retroperitoneal SFT
metastasized to the liver, bone and pelvis, although only
in 11.8% of cases. Tumours located in the mediastinum,
abdomen, and retroperitoneum tend to be more
aggressive than tumours located in superficial sites (Jo
and Fletcher, 2014). Indeed, Feasel et al. (2018)
demonstrated that cutaneous/subcutaneous SFTs showed
no recurrence or metastasis, and 2 cases of histologically

malignant SFT were included. The main reason may be
that this series of cases was low risk according to the
risk stratification criteria. However, a case in the high-
risk group from our study showing apparent histological
malignancy with 3 large masses exhibiting no metastasis
or recurrence after 4 years of follow-up. Therefore,
longer follow-up and larger studies are still needed. Gold
et al. (2002) reported that histologically benign SFTs
recurred and metastasized many years after primary
resection. In view of this unpredictable behaviour of
SFTs, we recommend long-term close follow-up,
especially for patients in the intermediate- and high-risk
groups, rather than simply using benign and malignant
diagnoses to indicate clinical risk.

Surgery was recommended as a first-line therapy for
retroperitoneal SFTs (Rajeev et al., 2015). Although
chemotherapy and radiation therapy have proven
effective in some cases (Stacchiotti et al., 2013; de
Lemos et al., 2019), the low rate of recurrence or
metastasis of retroperitoneal SFT makes it seemingly
unnecessary to use them to improve outcomes.

In summary, we present the largest series of
retroperitoneal SFTs with STAT6 confirmation by
immunohistochemistry to date. Given the significant
morphologic and immunophenotypic spectrum of SFT
overlap with other neoplasms, a panel of markers is
necessary for diagnosis and differential diagnosis on the
basis of morphology. Although the prognosis is
favourable, patients with retroperitoneal SFT classified
into high- and intermediate-risk groups are prone to
metastasis or recurrence and require long follow-up. A
Ki-67 labelling index ≥10% may be used as an important
reference for tumour recurrence or metastasis.
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