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Expression of fibroblast growth factor receptor
substrate 2 (FRS2) in primary retroperitoneal
liposarcoma and its clinical implications
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Abstract. — OBJECTIVE: The aim of this
study was to investigate the expression level
of fibroblast growth factor receptor substrate 2
(FRS2) in tissues of patients with primary retro-
peritoneal liposarcoma (PRPLS) and its correla-
tion with recurrence and prognosis.

PATIENTS AND METHODS: The pathologi-
cal specimens, medical records, and follow-up
information of patients with PRPLS who under-
went radical surgery for the first time in our hos-
pital from January 2013 to December 2016 were
retrospectively analyzed. FRS2 protein expres-
sion in tissues was determined by immunohis-
tochemistry staining, and the FRS2 protein pos-
itive rates in patients with different clinicopath-
ological features were compared. Factors influ-
encing patients’ recurrence and survival were
determined using the multivariate Cox stepwise
regression model.

RESULTS: This research enrolled 87 patients
with PRPLS, with the number of cases present-
ing FRS2 protein positive rate and positive rate
in pathological tissues accounting for 62.07%
(54/87) and 37.93% (33/87), respectively. The
positive expression of FRS2 protein varied mark-
edly among patients with different pathological
types, FNCC, LCC grade, number of tumors,
positive margin, and recurrence and metastasis
(with vs. without) (all p<0.05). The 87 patients
were followed up for 3.5-102 months (median,
27.5 months), with a postoperative 5-year overall
disease-free survival (DFS) rate of 17.24% [medi-
an progression-free survival (PFS): 24.7 months]
and a 5-year overall survival (OS) rate of 44.83%
(median OS: 47.3 months). Kaplan-Meier surviv-
al curves revealed significantly shorter PFS and
OS in patients with positive FRS2 protein ex-
pression vs. those with negative FRS2 protein
expression (?=6.396, 5.032, p<0.05). According
to the univariate analysis, the 5-year overall DFS
rate varied significantly among patients with dif-
ferent pathological types, Fédération Nationale
des Centres De Lutte Contre le Cancer (FNCL-
CC) grades, number of tumors, positive mar-
gin, and FRS2 protein expression (all p<0.05).
Pathological type, FNCLCC grading, tumor num-
ber, recurrence and metastasis, positive margin,
and FRS2 protein expression were significant-
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ly correlated with the 5-year OS rate of patients
(all p<0.05). Furthermore, pathological type, FN-
CLCC grading, multiple tumors, positive margin,
and FRS2 protein expression were identified by
multivariate Cox regression analysis to be inde-
pendent factors that affected patients’ 5-year
DFS and OS rates (all p<0.05), and that relapsed
and metastasized patients had a 4.586-fold risk
of death than those without recurrence and me-
tastasis.

CONCLUSIONS: FRS2 shows a high positive
rate in the tissues of PRPLS patients and is sig-
nificantly related to the prognostic recurrence
and survival of patients, with potential value in
judging the prognosis of patients.
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Introduction

Liposarcomas are one of the most common
malignant soft tissue sarcomas in adults, account-
ing for 16%-18% of soft tissue sarcomas'. Accord-
ing to relevant reports®-, liposarcomas tend to oc-
cur in the limbs, retroperitoneal space, groin, and
other parts of the human body that are rich in adi-
pose tissue. Of them, retroperitoneal liposarcoma
is deep-seated with a hidden onset and no typical
clinical presentations, resulting in the fact that it
has always oppressed and invaded the surround-
ing organs when diagnosed. Therefore, the recur-
rence rate remains high even after complete re-
section?, which seriously affects the survival and
prognosis of patients. Fibroblast growth factor re-
ceptor substrate 2 (FRS2) is a key adaptor protein
in the fibroblast growth factor receptor (FGFR)
signaling pathway, with its gene located in the
chromosomal region 12ql13-15°. Previous stud-
ies®” have shown that atypical lipoma/well-dif-
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ferentiated and dedifferentiated liposarcomas are
mainly characterized by abnormal and significant
amplification of the chromosomal segment 12q13-
15. FRS2, which is co-located in this chromosom-
al region, and other oncogenes, such as murine
double minute 2 (MDM?2) and cyclin-dependent
kinase 4 (CDK4), have been shown to be signifi-
cantly over-expressed in liposarcomas and are
strongly associated with the malignancy degree
of liposarcomas. Therefore, this study analyzed
FRS2 expression in primary retroperitoneal li-
posarcoma (PRPLS) and discussed its influence
on patients’ prognostic recurrence and survival,
to improve the reference value for clinical PRPLS
treatment and prognosis evaluation.

Patients and Methods

General Information

The clinical data of patients with PRPLS who
underwent radical surgery for the first time in the
Peking University International Hospital from
January 2013 to December 2016 were retrospec-
tively analyzed, as well as their follow-up data.
Criteria for patient enrollment: 1) PRPLS con-
firmed by postoperative pathology and immuno-
histochemistry (IHC); 2) treatment-naive patients
without any prior adjuvant radiotherapy nor che-
motherapy and who received radical resection in
our hospital as the first treatment; 3) complete
clinical data. Criteria for patient exclusion: 1)
no surgery or palliative surgery; 2) periopera-
tive death; 3) other malignant tumors or serious
concomitant diseases; 4) death due to other dis-
eases or reasons during postoperative follow-up.
The Hospital Ethics Committee gave its approval
for conducting this research after careful review.
Clinical data, including sex, age, treatment mo-
dality, combined organ resection, tumor size and
number, histopathological type, histological grad-
ing, etc., were collected. According to the World
Health Organization (WHO)? classification of soft
tissue and bone neoplasms, the pathological types
were classified as atypical lipoma/well-differen-
tiated, dedifferentiated, myxoid/round cell, and
pleomorphic liposarcomas. The PRPLS was grad-
ed based on the Fédération Nationale des Centres
De Lutte Contre le Cancer (FNCLCC) grading’.

IHC

IHC staining was performed on paraffin-em-
bedded pathological specimens obtained from
the first radical operation. After paraffin section-
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ing, the pathological tissues were dewaxed and
dehydrated using xylene and gradient alcohol,
respectively. Following the blocking of the en-
dogenous peroxidase activity of the slices using
the peroxidase method, tissues were processed by
the EnVision detection system (Dako, Carpinte-
ria, CA, USA). The treated slices were then incu-
bated with an FRS2 monoclonal antibody (Dako,
Carpinteria, CA, USA) at an ambient temperature
for 1 h, followed by color development with di-
aminobidine and counterstaining with hematoxy-
lin. Positive slices and phosphate buffered saline
(PBS) were used as negative controls of the pri-
mary antibody as directed. Two pathologists and
two surgical pathologists with extensive experi-
ence in soft tissue tumor pathology independently
reviewed the immune sections of tumor tissues.
Five high-power visual fields were stochastically
selected, and 100 tumor cells were examined mi-
croscopically to avoid bleeding and necrotic areas
as much as possible. The IHC staining intensity
was scored as either 0 (colorless), 1 (light yellow),
2 (pale brown), or 3 (tan). The number of positive
stained cells <5%, 5-25%, >25-50%, >50% was
scored as 0, 1, 2, and 3 points, respectively. The
final score was based on the staining intensity x
the number of positive cells, and the score of 0-3
was considered negative (-), while >4 was consid-
ered positive (+)'°.

Postoperative Reexamination
and Follow-Up

As for the postoperative review of patients,
two doctors experienced in imaging diagnos-
tics at our hospital made the diagnosis of recur-
rence based on the results of the abdominal CT
examination. Postoperative reexamination was
conducted every 3 months or half a year post-
operatively. Recurrence was indicated by the
appearance of new tumor lesions or lymphatic
metastasis during re-examination, as compared
to abdominal CT findings before discharge. Fol-
low-up was carried out via telephone, outpatient
review, and follow-up, mainly recording the re-
currence and survival of patients. The starting
point of each patient’s follow-up was the day of
the first operation, and the endpoint was the first
recurrence or death. The follow-up deadline for
all patients was December 2016.

Statistical Analysis

The database was established with EpiData for
data processing by SPSS v. 20.0 (IBM Corp., Ar-
monk, NY, USA). Continuous variables that con-
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formed to a normal distribution were represented
by and analyzed using the independent samples
t-test; non-normally distributed ones were rep-
resented by median (minimum-maximum), and
a nonparametric test was performed. Sex, patho-
logical type, FRS2+, and other enumeration data
were expressed by the number of cases and per-
centages (%), and the y* test and Fisher exact
probability method were used. Patient survival
was visualized using the Kaplan-Meier method,
and differences between groups were identified
by the Log-rank test. Independent prognostic in-
dicators were identified using the Cox regression
model. Differences with p<0.05 were statistically
significant.

Results

Correlation of FRS2 Protein Expression
with Clinicopathological Features

Of the 87 patients with PRPLS, 48 were male
(56.32%), and 38 were female (43.68%), with a
median age of 53.4 (31-78) years. Among the 87
patients who underwent radical surgical treat-
ment, postoperative pathological results showed
that 16 of them had positive surgical margins.
Classified by pathological types, well-differenti-
ated, dedifferentiated, myxoid/round cell, poly-
morphic, and mixed-type liposarcomas were
found in 21 cases (24.14%), 36 cases (41.38%),
15 cases (17.24%), 13 cases (14.94%), and 2 cases
(2.3%), respectively. Following FNCLCC grad-
ing, grade [ was found in 44 cases (50.57%), grade
II in 25 cases (28.74%), and grade III in 18 cases
(20.69%). The median tumor size was 16.4 (3.7-
33.0) cm. There were 50 cases (57.47%) of single
tumor and 37 cases (42.53%) of multiple tumors.
Among the treatment methods, radical operation
was performed in 50 cases (57.47%), operation
plus hyperthermic antiblastic perfusion in 50 cas-
es (57.47%), and operation plus chemotherapy in
50 cases (57.47%), with intraoperative peripheral
organ resection performed in 41 cases (47.13%)).
The results of immunostaining showed FRS2+ in
54 cases (62.07%) and FRS2- in 33 cases (37.93%)
of PRPLS. There was no significant difference in
FRS2+ among patients with differences in age,
sex, tumor size, and treatment modalities (all
p>0.05). However, FRS2+ was significantly dif-
ferent, depending on pathological type, FNCLCC
grading, number of tumors, positive margin, and
recurrence and metastasis (all p<0.05). See Table
I for details.

Correlation of FRS2 Protein Expression
with Prognostic Survival

The 87 patients were followed up for 3.5-102
months, with a median of 27.5 months. Within 5
years after surgery, 68 cases experienced disease
recurrence and 4 developed metastases (3 cases
of lung metastasis and 1 case of liver metastasis),
with a median progression-free survival (PFS) of
24.7 months and a 5-year overall disease-free sur-
vival (DFS) rate of 17.24%. In addition, 48 cas-
es died of tumor recurrence or metastasis within
5 years, with a median OS of 47.3 months and a
S-year OS of 44.83%. The median PFS of 16 pa-
tients with positive margins was 6.3 months, and
the median OS was 8.1 months. The Log-rank
¥* test was used to compare the survival curves
of patients in the FRS2+ and FRS2- groups. The
results showed that FRS2 protein was closely re-
lated to the 5-year recurrence and metastasis rate
(*=6.396, p<0.05) and OS rate (y*>=5.032, p<0.05)
of PRPLS patients. See Figure 1 for details.

Prognostic Survival Analysis
of Patients with Different
Clinicopathological Features

Patients with different pathological types, FN-
CLCC grading, number of tumors, positive mar-
gin, and FRS2 protein expression showed signifi-
cantly different 5-year disease-free OS rates (all
p<0.05). However, the pathological features of
patients, such as sex, age, tumor size, and treat-
ment modalities, had nothing to do with the over-
all 5-year DFS rate (all p>0.05), while patholog-
ical type, FNCLCC grading, number of tumors,
recurrence and metastasis, positive margin, and
FRS2 protein expression were identified to be
related factors influencing the overall 5-year sur-
vival rate of patients with PRPLS (all p<0.05). See
Table II for details.

Analysis of Influencing Factors
of Prognostic Survival

The above-mentioned related factors with sta-
tistical significance (p<0.05) in the univariate anal-
ysis were incorporated into the multivariate Cox
stepwise regression model. The results showed that
pathological type (HR=3.593, 95% CI=2.108-6.123),
FNCLCC grading (HR=2.489, 95% CI=1.646-
3.764), multiple tumors (HR=1.766, 95% CI=1.063-
2.935), positive margin (HR=2.793, 95% CI=1.560-
4.998), and FRS2 protein expression (HR=2.085,
95% CI=1.263-3.444) were independent influencing
factors for the 5-year DFS rate of PRPLS patients
(all p<0.05). See Table III for details.
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Table I. Correlation of positive expression of FRS2 protein with clinicopathological features in patients with primary retroperitoneal

liposarcoma (n=87).

Pathological factors n (%) FRS2 positive  x? value p-value
[n (%]]

Sex 0.499 0.48
Male 49 (56.32) 32 (65.31)
Female 38 (43.68) 22 (57.89)

Age (years old) 1.052 0.305
<60 52 (59.77) 30 (57.69)
>60 35 (40.23) 24 (68.57)

Pathological type 12.244 0.016
Well-differentiated liposarcoma 21 (24.14) 8 (38.10)
Dedifferentiated liposarcoma 36 (41.38) 26 (72.22)
Myxoid/round cell liposarcoma 15 (17.24) 7 (46.67)
Pleomorphic liposarcoma 13 (14.94) 11 (84.62)
Mixed-type liposarcoma 2 (2.30) 2 (100.00)

FNCLCC grading 9.717 0.008
I 44 (50.57) 21 (47.73)
11 25 (28.74) 17 (68.00)
11 18 (20.69) 16 (88.89)

Tumor size (cm) 0.960 0.327
<20 55 (63.22) 32 (58.18)
>20 32 (36.78) 22 (68.75)

Number of tumors 9.884 0.002
Single 50 (57.47) 24 (48.00)
Multiple 37 (42.53) 30 (81.08)

Treatment method 1.707 0.426
Surgery 45 (51.72) 25 (55.56)
Surgery+hyperthermic antiblastic perfusion 33 (37.93) 23 (69.70)
Surgery+chemotherapy 9 (10.34) 6 (66.67)

Combined organ resection 0.472 0.492
Yes 41 (47.13) 27 (65.85)
No 46 (52.87) 27 (58.70)

Recurrence and metastasis 6.357 0.012
Yes 72 (82.76) 49 (68.006)
No 15 (17.24) 5(33.33)

Positive margin 8.358 0.004
Yes 16 (18.39) 15 (93.75)
No 71 (81.61) 39 (54.93)

Multivariate analysis of patients with PRPLS was Discussion

performed using the Cox proportional hazards mod-
el with 5-year OS as the boundary. It showed that
pathological type (HR=2.641, 95% CI=2.249-3.101),
FNCLCC grading (HR=1.752, 95% CI=1.337-2.230),
multiple tumors (HR=1.346, 95% CI=1.155-1.568),
recurrence and metastasis (HR=4.586, 95% CI=1.917-
10.970), positive margin (HR=3.370, 95% CI=1.786-
6.360), and FRS2 protein expression (HR=1.881, 95%
CI=1.225-2.890) were factors independently influenc-
ing the prognostic survival of patients with PRPLS
(all p<0.05). See Table IV for details.
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In recent years, the incidence of liposarcomas
has increased year by year, with the predilection
sites being extremities and deep tissues such as
retroperitoneal space!. PRPLS is a malignant
adipocyte tumor with various degrees of differ-
entiation and pathological aberrations. Despite
the clearly improved complete resection rate, the
postoperative recurrence rate of PRPLS is still
high (41-71%), with local recurrence as the pre-
dominant'*". In addition, the difficulty of reoper-
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Figure 1. Kaplan-Meier survival curves of PFS (A) and OS (B) in primary retroperitoneal liposarcoma patients with positive

and negative FRS2 protein expression.

ation and the risk of postoperative complications
are further increased due to the increased degree
of tumor malignancy caused by abdominal ad-
hesion and tissue subtype transformation during
the recurrence process of liposarcomas. This
study found a 5-year DFS rate as low as 17.24%
in patients with PRPLS, and a postoperative re-
currence and metastasis rate as high as 82.76%,
with a 5-year OS rate of barely 44.83%. The prog-
nosis varies in liposarcoma patients with differ-
ent pathological types, and lower tumor differ-
entiation is associated with a worse prognosis'.
Moreover, poorly differentiated liposarcomas are
more invasive, which means that the possibility
of combined resection of peripheral organs is in-
creased, and the expected recurrence time after
the operation is shorter. Earlier, complete resec-
tion or palliative surgery was shown' to effec-
tively prolong the OS of patients with recurrent
liposarcomas. However, for patients with liposar-
coma with a high malignant degree, surgery can
only improve their clinical symptoms but not their
survival time.

As a docking/scaffold adaptor protein in the
FGFR signaling pathway, FRS2 plays an import-
ant “signal connection center” role in FGF ligand
and receptor signaling!®. In addition, FRS2 can
act as a connexin of other receptor tyrosine kinas-
es (RTKs) to activate multiple RTK carcinogenic
signal transduction pathways; moreover, it is ab-
normally activated or amplified in osteosarcoma,
glioma, high-grade ovarian cancer, and other can-
cers'”, FRS2 gene is located in the chromosome

12q13-15 region, while abnormal amplification
and overexpression of the 12ql3-15 region are
common in liposarcomas. Aberrant amplification
or strong protein expression of oncogenes such as
MDM?2 and CDK4 located in this region play an
important auxiliary role in the diagnosis of lipo-
sarcomas®. Wang et al*’ showed that compared
with normal adipose tissue and lipoma, well-dif-
ferentiated and dedifferentiated liposarcomas and
other malignant tumors showed significantly ab-
normal amplification. Combined with the import-
ant role of FRS2 in the FGFR signaling pathway,
it is inferred that FRS2 signaling may serve as a
potential therapeutic target for liposarcomas. The
research of Jing et al?? indicated that the abnor-
mal amplification rate of FRS2 was as high as
93.2% in well-differentiated and dedifferentiat-
ed liposarcomas. It presents a higher abnormal
amplification rate in more malignant dediffer-
entiated liposarcoma than in well-differentiated
liposarcoma. This suggests a close connection
between FRS2 and clinicopathological features
such as malignancy degree and pathological clas-
sification of liposarcomas. Studies in literature
found that the IHC staining results of FRS2 in
well-differentiated and dedifferentiated liposar-
comas were highly consistent with the abnormal
amplification of FRS2. The IHC staining results
of FRS2 in pathological tissues can effectively
diagnose well-differentiated and dedifferentiat-
ed liposarcomas, and the diagnostic specificity of
FRS2 is slightly higher than the diagnostic “gold
standard” indexes such as MDM2 and CDK4%. In

6277



W.-D. Chen, C.-L. Miao

Table Il. Univariate analysis of prognostic survival of patients with primary retroperitoneal liposarcoma.

Pathological n 5-year overall y?value p-value 5-year overall y?value p-value
factors disease-free survival rate
survival rate (%) (%)
Sex 0.687 0.829 0.782 0.377
Male 49 14.29 48.98
Female 38 21.05 39.47
Age (years old) 0.359 0.549 0.332 0.565
<60 52 19.23 42.31
>60 35 14.29 48.57
Pathological type 17.164 0.002 22.044 <0.001
Well-differentiated 21 42.86 76.19
liposarcoma
Dedifferentiated 36 5.56 33.00
liposarcoma
Myxoid/round cell 15 26.67 66.67
liposarcoma
Pleomorphic 13 0.00 7.69
liposarcoma
Mixed-type 2 0.00 0.00
liposarcoma
Fédération Nationale 7.344 0.026 13.732 0.001
des Centres de Lutte
Contre le Cancer
(FNCLCC) grading
1 44 27.27 63.64
11 25 12.00 32.00
111 18 0.00 16.67
Tumor size (cm) 0.762 0.383 1.099 0.295
<20 55 14.55 49.09
>20 32 21.88 37.50
Number of tumors 6.321 0.012 5.934 0.015
Single 50 26.00 56.00
Multiple 37 5.41 29.73
Treatment modality 2.475 0.29 2.165 0.339
Surgery 45 11.11 3778
Surgery+hyperthermic 33 24.24 54.55
antiblastic perfusion
Surgery-+chemotherapy 9 22.22 44.44
Combined organ resection 0.369 0.543 0.463 0.496
Yes 41 14.63 46.34
No 46 19.57 43.48
Recurrence and metastasis 22.308 <0.001
Yes 72 - - - 33.33
No 15 - 100.00
Positive margin 4.085 0.043 8.284 0.004
Yes 16 0.00 12.50
No 71 21.13 52.11
FRS2 protein expression 3.749 0.049 8.795 0.003
Positive 54 11.11 29.63
Negative 33 2727 69.70
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Table Ill. Cox multivariate analysis of postoperative 5-year tumor-free survival in patients with primary retroperitoneal liposarcoma.

Factors § SE \Wald »? p-value HR (95% CI)

Pathological type (pleomorphic vs. 1.279 0.272 22111 0.000 3.593 (2.108-6.123)
well-differentiated liposarcoma)

FNCLCC grading 0.912 0.211 18.682 0.000 2.489 (1.646-3.764)
(Grade III vs. Grade II vs. Grade I)

Multiple tumors 0.569 0.259 4.826 0.028 1.766 (1.063-2.935)
(multiple vs. single)

Surgical margins 1.027 0.297 11.957 0.001 2.793 (1.560-4.998)
(positive vs. negative)

FRS2 protein expression 0.735 0.256 8.243 0.004 2.085 (1.263-3.444)
(positive vs. negative)

Table IV. Cox multivariate analysis of postoperative 5-year overall survival in patients with primary retroperitoneal liposarcoma.

Factors § SE Wald 2 p-value HR (95% CI)

Pathological type (pleomorphic vs. 0.971 0.082 140.220 0.000 2.641 (2.249-3.101)
well-differentiated liposarcoma)

FNCLCC grading (Grade IIT vs. 0.561 0.123 20.802 0.000 1.752 (1.337-2.230)
Grade II vs. Grade I)

Number of tumors 0.297 0.078 14.499 0.000 1.346 (1.155-1.568)
(multiple vs. single)

Recurrence and metastasis 1.523 0.445 11.713 0.001 4.586 (1.917-10.970)
(yes vs. no)

Surgical margins 1.215 0.324 14.063 0.000 3.370 (1.786-6.360)
(positive vs. negative)

FRS2 protein expression 0.632 0.219 8.328 0.004 1.881 (1.225-2.890)
(positive vs. negative)

this study, IHC staining results showed that the Conclusions

FRS2+ rate in the tissues of patients with PRPLS
was closely related to pathological type, FNCLCC
grade, number of tumors, recurrence, metastasis,
etc. Patients with FRS2+ had a higher probability
of multiple tumors, lower tissue differentiation,
higher tissue grading, worse malignancy degree,
and higher risk of recurrence and metastasis.
FRS2+ patients also presented significantly low-
er OS and PFS than those with FRS2-, suggest-
ing that the expression of FRS2 protein is closely
related to the recurrence and survival of patients
with PRPLS. Zhang et al** also believe that FRS2
combined with CDK4 and MDM2 can more ac-
curately reflect the pathological features of high-
grade pleomorphic liposarcomas. Besides, the ac-
tivated FGFR/FRS2 signaling plays a key role in
pleomorphic liposarcoma progression. Moreover,
this research identified that FRS2+, pathological
type, FNCLCC grading, and multiple tumors were
independent influencing factors for the recurrence
and survival of patients with PRPLS.

FRS2 shows a high positive protein expres-
sion rate in the tissues of patients with PRPLS,
with its positive expression level closely related
to pathological type, FNCLCC grade, number of
tumors, and recurrence and metastasis. FRS2+
patients are associated with significantly shorter
PFS and OS. And the expression of FRS2 protein
is an independent imaging factor that affects pa-
tients’ recurrence and survival, suggesting poor
prognosis in PRPLS patients with FRS2+ With
the continuous breakthrough of molecular target-
ed therapy technology, research targeting FRS2
protein provides a certain reference value for the
treatment of PRPLS patients.

Availability of Data and Materials
The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.



W.-D. Chen, C.-L. Miao

Conflict of Interest
The authors declare that they have no competing interests.

Acknowledgments
We sincerely acknowledge Peking University Internation-
al Hospital support.

Authors’ Contributions

Weida Chen conceived the study design and the content
concept; Chengli Miao performed the data collection, ex-
traction and analyzed the data. Weida Chen, Chengli Miao
interpreted and reviewed the data and drafts. Chengli Miao
reviewed the final draft.

Informed Consent
Patients gave informed consent for this study and signed the
informed consent form.

Ethics Approval
This study was approved by the Ethics Committee of Peking
University International Hospital (No. 2023-0004-01).

Funding
Peking University International Hospital Research Fund
(YN2021ZD04).

References

1) Thway K. Well-differentiated liposarcoma and de-
differentiated liposarcoma: An updated review.
Semin Diagn Pathol 2019; 36: 112-121.

2) Hazen B, Cocieru A. Giant Retroperitoneal Sar-
coma. J Gastrointest Surg 2017; 21: 602-603.

3) Bourcier K, Le Cesne A, Tselikas L, Adam J, Mir
O, Honore C, de Baere T. Basic Knowledge in
Soft Tissue Sarcoma. Cardiovasc Intervent Radi-
ol 2019; 42: 1255-1261.

4) Machhada A, Emam A, Colavitti G, Maggiani F,
Coelho JA, Ayre G, Mahrous AM, Khundkar R,
Wright TC, Wilson P. Liposarcoma subtype recur-
rence and survival: A UK regional cohort study. J
Plast Reconstr Aesthet Surg 2022; 75: 2098-2107.

5) Huang T, Zhao HY, Zhang XB, Gao XL, Peng WP,
Zhou Y, Zhao WH, Yang HF. LncRNA ANRIL regulates
cell proliferation and migration via sponging miR-339-
5p and regulating FRS2 expression in atherosclerosis.
Eur Rev Med Pharmacol Sci 2020; 24: 1956-1969.

6) Zhang K, Chu K, Wu X, Gao H, Wang J, Yuan
YC, Loera S, Ho K, Wang Y, Chow W, Un F, Chu
P, Yen Y. Amplification of FRS2 and activation of
FGFR/FRS2 signaling pathway in high-grade li-
posarcoma. Cancer Res 2013; 73: 1298-1307.

7) Hanes R, Grad |, Lorenz S, Stratford EW, Munthe
E, Reddy CC, Meza-Zepeda LA, Myklebost O.
Preclinical evaluation of potential therapeutic tar-

gets in dedifferentiated liposarcoma. Oncotarget
2016; 7: 54583-54595.

8) Karanian M, Coindre JM. [Fourth edition of WHO
classification tumours of soft tissue]. Ann Pathol
2015; 35: 71-85.

9) Coindre JM. Grading of soft tissue sarcomas: re-
view and update. Arch Pathol Lab Med 2006; 130:
1448-1453.

10) Li Z, Huang C, Bai S, Pan X, Zhou R, Wei Y, Zhao
X. Prognostic evaluation of epidermal fatty ac-
id-binding protein and calcyphosine, two proteins
implicated in endometrial cancer using a pro-
teomic approach. Int J Cancer 2008; 123: 2377-
2383.

11) ilhan A, Eraslan E, Yildiz F, Arslan UY, Alkis N.
Factors affecting prognosis and treatment strat-
egies in metastatic soft tissue sarcomas: twenty
years of experience. Eur Rev Med Pharmacol Sci
2021; 25: 6465-6472.

12) Bagaria SP, Gabriel E, Mann GN. Multiply recur-
rent retroperitoneal liposarcoma. J Surg Oncol
2018; 117: 62-68.

13) Porter GA, Baxter NN, Pisters PW. Retroperito-
neal sarcoma: a population-based analysis of ep-
idemiology, surgery, and radiotherapy. Cancer
2006; 106: 1610-1616.

14) Singer S, Antonescu CR, Riedel E, Brennan MF.
Histologic subtype and margin of resection pre-
dict pattern of recurrence and survival for ret-
roperitoneal liposarcoma. Ann Surg 2003; 238:
358-370; discussion 370-371.

15) Park JO, Qin LX, Prete FP, Antonescu C, Bren-
nan MF, Singer S. Predicting outcome by growth
rate of locally recurrent retroperitoneal liposarco-
ma: the one centimeter per month rule. Ann Surg
2009; 250: 977-982.

16) Ong SH, Guy GR, Hadari YR, Laks S, Gotoh N,
Schlessinger J, Lax I. FRS2 proteins recruit intra-
cellular signaling pathways by binding to diverse tar-
gets on fibroblast growth factor and nerve growth
factor receptors. Mol Cell Biol 2000; 20: 979-989.

17) Fischer U, Keller A, Leidinger P, Deutscher S,
Heisel S, Urbschat S, Lenhof HP, Meese E. A dif-
ferent view on DNA amplifications indicates fre-
quent, highly complex, and stable amplicons on
12g13-21 in glioma. Mol Cancer Res 2008; 6:
576-584.

18) He X, Pang Z, Zhang X, Lan T, Chen H, Chen M,
Yang H, Huang J, Chen Y, Zhang Z, Jing W, Peng
R, Zhang H. Consistent Amplification of FRS2
and MDM2 in Low-grade Osteosarcoma: A Ge-
netic Study of 22 Cases With Clinicopathologic
Analysis. Am J Surg Pathol 2018; 42: 1143-1155.

19) Luo LY, Kim E, Cheung HW, Weir BA, Dunn GP,
Shen RR, Hahn WC. The Tyrosine Kinase Adap-
tor Protein FRS2 Is Oncogenic and Amplified in
High-Grade Serous Ovarian Cancer. Mol Cancer
Res 2015; 13: 502-509.

20) Kobayashi A, Sakuma T, Fujimoto M, Jimbo N,
Hirose T. Diagnostic Utility and Limitations of Im-
munohistochemistry of p16, CDK4, and MDM2



Expression of fibroblast growth factor receptor substrate 2 (FRS2)

and Automated Dual-color In Situ Hybridization of
MDM2 for the Diagnosis of Challenging Cases of
Dedifferentiated Liposarcoma. Appl Immunohis-
tochem Mol Morphol 2019; 27: 758-763.

21) Wang X, Asmann YW, Erickson-Johnson MR, Ol-

iveira JL, Zhang H, Moura RD, Lazar AJ, Lev D,
Bill K, Lloyd RV, Yaszemski MJ, Maran A, Olivei-
ra AM. High-resolution genomic mapping reveals
consistent amplification of the fibroblast growth
factor receptor substrate 2 gene in well-differen-
tiated and dedifferentiated liposarcoma. Genes
Chromosomes Cancer 2011; 50: 849-858.

22) Jing W, Lan T, Chen H, Zhang Z, Chen M, Peng

R, He X, Zhang H. Amplification of FRS2 in atyp-
ical lipomatous tumour/well-differentiated liposar-

coma and de-differentiated liposarcoma: a clin-
icopathological and genetic study of 146 cases.
Histopathology 2018; 72: 1145-1155.

23)Jing W, Lan T, Qiu Y, Peng R, Lu Y, Chen H,
Chen M, He X, Chen C, Zhang H. Expression
of FRS2 in atypical lipomatous tumor/well-dif-
ferentiated liposarcoma and dedifferentiated li-
posarcoma: an immunohistochemical analysis
of 182 cases with genetic data. Diagn Pathol
2021; 16: 96.

24) Zhang K, Chu K, Wu X, Gao H, Wang J, Yuan
YC, Loera S, Ho K, Wang Y, Chow W, Un F, Chu
P, Yen Y. Amplification of FRS2 and activation of
FGFR/FRS2 signaling pathway in high-grade li-
posarcoma. Cancer Res 2013; 73: 1298-1307.



