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First- line chemotherapy in advanced intra-abdominal  
well- differentiated/dedifferentiated liposarcoma: An EORTC 
Soft Tissue and Bone Sarcoma Group retrospective analysis

Silvia Stacchiotti, MD 1; Winette T. A. Van der Graaf, MD, PhD 2,3; Roberta G. Sanfilippo, MD1; Sandrine I. Marreaud, MD4;  

Winan J. Van Houdt, MD, PhD 5; Ian R. Judson, MDI6; Alessandro Gronchi, MD7; Hans Gelderblom, MD, PhD 8;  

Saskia Litiere, MSc, PhD4; and Bernd Kasper, MD, PhD 9

BACKGROUND: No prospective trial with anthracycline- based chemotherapy has individually assessed response in a well- differentiated 

(WD)/dedifferentiated (DD) liposarcoma patient cohort. We conducted a retrospective analysis of first- line chemotherapy in liposar-

coma of intra- abdominal origin (IA- LPS) in patients who had entered the European Organisation for Research and Treatment of Cancer 

(EORTC)/Soft Tissue and Bone Sarcoma Group (STBSG) trials. METHODS: We searched for all adult patients treated with first- line 

chemotherapy for advanced IA- LPS in the EORTC STBSG phase 2 and 3 trials from 1978. Treatment was aggregated into 5 groups: an-

thracycline alone, ifosfamide alone, doxorubicin plus ifosfamide (D+IFO), doxorubicin/cyclophosphamide/vincristine/dacarbazine, and 

“other” (brostallicin, trabectedin). Response was assessed prospectively by Response Evaluation Criteria in Solid Tumors or World Health 

Organization criteria. Progression- free survival (PFS) and overall survival (OS) were computed by Kaplan- Meier method. RESULTS: A 

total of 109 patients with IA- LPS from 13 trials were identified (104 evaluable for response). Overall, there were 10/109 (9.2%) respond-

ers: 3/48 (6.3%) in the anthracycline alone group, 2/15 (13%) in the ifosfamide alone group, and 4/18 (22%) in the D+IFO group. At the 

10- month median follow- up (interquartile range, 6- 24), the median OS was 19 months (95% CI, 15- 21) and median PFS 4 months (95% CI, 

3- 6). D+IFO achieved a not statistically significant longer median PFS (12 months) and median OS (31 months) than observed with other 

regimens. Univariate/multivariate analysis did not identify prognostic factors. CONCLUSIONS: Cytotoxic chemotherapy, in particular 

anthracycline alone, had marginal activity in advanced IA- LPS. Ifosfamide- containing regimens showed higher activity, although it was 

not statistically significant and in a small number of cases, with the combination of doxorubicin and ifosfamide appearing to be the more 

active regimen available in fit patients. This series provides a benchmark for future trials on new drugs in WD/DD liposarcoma. Cancer 

2022;128:2932-2938. © 2022 American Cancer Society. 
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INTRODUCTION
Soft tissue sarcomas (STS) are a rare and heterogeneous group of malignancies of mesenchymal origin.1 Excluding gastro-
intestinal stromal tumors and unclassified pleomorphic sarcomas, liposarcoma represents the most frequent histological 
type of tumor in adults.2 Based on specific immunohistochemical and molecular features, distinct liposarcoma subtypes 
can be identified (ie, well- differentiated [WD]/dedifferentiated [DD] liposarcoma, myxoid liposarcoma, and pleomor-
phic liposarcoma).1 Initial presentation, clinical behavior, and sensitivity to systemic agents vary with each subtype. In 
particular, WD/DD liposarcomas are marked by the amplification of proto- oncogenes, mouse double minute 2 homolog 
(MDM2), and cyclin- dependent kinase 4 (CDK4)3,4 and can arise anywhere in the body. However, although they have 
a very indolent course when located in the extremities or superficial trunk, they represent a serious therapeutic challenge 
when located inside the abdomen or retroperitoneum, where they constitute almost the unique liposarcoma variant. 
Myxoid liposarcoma almost never arises intra- abdominally and is characterized by unique chromosome rearrangements 
that result in the FUS- DDIT3 gene fusion (95% of cases) or, rarely, in the EWS- DDIT3 fusion.5,6 Pleomorphic liposar-
coma is the rarest variant, also hardly ever arising intrabdominally, and being characterized by a complex karyotype.2,7
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Although surgical resection is the mainstay of treat-
ment for localized disease in all subtypes,8 many patients 
with intra- abdominal (IA)/retroperitoneal WD/DD li-
posarcomas initially present with or ultimately progress 
to advanced disease and have a poor prognosis.9 For ad-
vanced disease, treatment options consist of standard che-
motherapy, including anthracycline- based regimens, with 
anthracycline being the standard front- line treatment in 
STS.8 Other cytotoxic agents available for treating ad-
vanced WD/DD liposarcomas are ifosfamide, trabecte-
din, and eribulin, whereas no targeted agents are currently 
approved.

In the past decade, a better understanding of the dis-
tinct genetic and molecular profile of liposarcomas has 
led to the development of several new systemic therapies, 
such as selinexor, MDM2 inhibitors and CDK4 inhib-
itors, and immune agents. By contrast, no prospective 
trial with anthracycline- based chemotherapy has individ-
ually assessed response in a WD/DD liposarcoma patient 
cohort alone nor is one ongoing. The knowledge about 
the activity of anthracyclines in this tumor is based on a 
very limited number of case reports or retrospective series 
that have shown marginal activity of this regimen in the 
disease.10,11

On this basis, we decided to conduct a retrospective 
analysis of the efficacy of cytotoxic regimens administered 
in first- line clinical trials in adult patients with a diagnosis 
of IA liposarcoma included in the European Organisation 
for Research and Treatment of Cancer (EORTC) data-
base to provide more solid information on the efficacy of 
these systemic treatments in WD/DD liposarcoma and a 
benchmark for ongoing and future studies for new drug 
development. We focused on anthracycline- based regi-
mens, but data available on other cytotoxic regimens were 
also collected.

MATERIALS AND METHODS
We retrospectively searched for all adult patients treated 
with first- line chemotherapy for advanced (ie, locally ad-
vanced unresectable and/or metastatic) IA liposarcoma in 
EORTC Soft Tissue and Bone Sarcoma Group (STBSG) 
phase 2 and 3 trials from 1978. Data were extracted from 
the EORTC STBSG database. Because the database did 
not always capture the liposarcoma histologic subtype, 
extra- abdominal liposarcomas were excluded from the 
present study to focus on WD/DD liposarcoma, and ex-
clude myxoid and pleomorphic liposarcomas, which al-
most never arise in the abdomen. Liposarcomas included 
in the database for which the information of the primary 

site was not available were also excluded. Patients treated 
for primary resectable disease and/or who received prior 
(adjuvant or palliative) chemotherapy or were treated 
from second- line on were also not included.

Written informed consent to treatment was obtained 
within the context of each study.

Treatment was aggregated into 5 groups: anthracy-
cline alone (doxorubicin 75 mg/m2; pegylated liposomal 
doxorubicin [Caelyx] 50 mg/m2; epirubicin 75 mg/m2; 
epirubicin 150 mg/m2), ifosfamide alone (ifosfamide 5 g/
m2, ifosfamide 9 g/m2, ifosfamide 12 g/m2), doxorubi-
cin plus ifosfamide (doxorubicin 50 mg/m2 plus ifosfa-
mide 5 g/m2, doxorubicin 75 mg/m2 plus ifosfamide 5 
g/m2, doxorubicin 75 mg/m2 plus ifosfamide 10 g/m2), 
doxorubicin plus cyclophosphamide plus vincristine plus 
dacarbazine (CYVADIC), and “other” (brostallicin, tra-
bectedin). Per protocols, treatment was continued until 
evidence of disease progression or limiting toxicity or 
until the maximum cumulative dose of anthracyclines 
and/or the maximum number of cycles was reached.

Statistical Analysis
End points

The end points of interest were progression- free survival 
(PFS), overall survival (OS), and response to chemother-
apy. PFS was the time elapsing from study registration 
or randomization, depending on study, to first progres-
sion or death, whichever occurred first. Patients alive and 
progression- free at last follow- up were censored. OS was 
the time between the study registration and reported date 
of death. Patients alive at the last follow- up were censored. 
Response to chemotherapy was prospectively evaluated in 
all trials using World Health Organization (WHO) cri-
teria12 or Response Evaluation Criteria in Solid Tumors 
(RECIST), version 1.0 or 1.1,13,14 depending on the 
study.

Explored covariates

Demographic data included age, sex, and performance 
status at study entry. Additionally, data on disease pri-
mary tumor site and involvement of metastases were 
collected. Variables related to the history of sarcoma 
included the time since the first diagnosis of sarcoma. 
Histological subtype and grade, as reviewed by a panel 
of reference pathologists, were preferred to the use of 
local diagnosis to ensure data consistency and homo-
geneity. The treatment was aggregated in 5 categories: 
anthracyclines alone (doxorubicin, Caelyx, epirubicin, 
epirubicin 3 × 50, epirubicin 1 × 150), ifosfamide 
alone (ifosfamide 5 g/m2/24 hours, ifosfamide 3 days 
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3 g/m2, ifosfamide 9 g/m2 continuously in 3 days, ifos-
famide 12 g/m2 continuously in 3 days), the combi-
nation of doxorubicin and ifosfamide (doxorubicin 50 
mg/m2 plus ifosfamide 5 g/m2, doxorubicin 75 mg/m2 
plus ifosfamide 5 g/m2, doxorubicin 75 mg/m2 plus 
ifosfamide 10 g/m2), CYVADIC, and other treatments 
(brostallicin, trabectedin).

Statistical methods

PFS and OS were visualized through Kaplan- Meier 
curve. Response to treatment was summarized as per-
centage, with CI based on the exact binomial distribu-
tion. Hazard ratios were calculated for the covariates 
investigated in the study, including demographic data, 
information related to the history of the sarcoma and its 
treatment, the histology characteristics, and treatment 
received within the context of the aforementioned clini-
cal trials. Because the information on prior radiotherapy 
or surgery was not collected in the more recent trials 
(EORTC 62012, 62061, 62091), these variables were 
not considered in the univariate/multivariate analyses. 
The potential prognostic value of all other factors was 
first investigated by univariate analysis using univari-
ate Cox or logistic regression models according to the 
outcome. The prognostic value of the factors was sub-
sequently assessed in a multivariate model using back-
ward selection. To protect against a considerable loss of 
information for the multivariate analysis because of the 
substantial amount of missing data in the assessment of 
grade and site of primary tumor, we considered these 2 
covariates the “missing” as a separate category in all the 
models. The statistical significance was set at 0.05 for 
all analyses described in this report. All analyses were 
performed using SAS v9.4.

RESULTS
We retrospectively identified 109 patients with advanced 
IA liposarcoma treated with front- line chemotherapy from 
13 clinical studies between 1978 and 2012 (Supporting 
Table 1); 104/109 patients were evaluable for response. 
Table 1 summarizes patient characteristics.

Of the 109 patients identified, 44% (48/109) re-
ceived anthracyclines alone, 17% (18/109) doxorubicin 
plus ifosfamide, 14% (15/109) ifosfamide alone, 7% 
(8/109) CYVADIC, and 18% (20/109) other. All pa-
tients had completed their treatment at the time of this 
analysis.

Table 2 summarizes the radiologic response data, 
overall and for each treatment regimen. The over-
all response rate (ORR) was 9.2% (10/109), with no 

complete response, 9.2% (10/109) partial response 
(PR), 52% (57/109) stable disease (SD), and 34.9% 
(38/109) progressive disease (PD). Univariate and 
multivariate analysis of response to chemotherapy did 
not identify statistically significant prognostic factors 
(Supporting Table 2).

Figures 1 and 2 show the PFS by RECIST/WHO and 
the OS curves in each treatment group, respectively. The 
median (m- ) follow- up for the patients who were still alive 
at the time of their respective study clinical cutoff dates 
was 10 months (interquartile range, 6- 24). m- PFS was 4 
months (95% CI, 3- 6) (Fig. 1) and m- OS 19 months (95% 
CI, 15- 21) (Fig. 2). Univariate and multivariate analysis did 
identify performance status, the time since initial diagnosis 
(between 1 and 2 years), and histopathological grade (grade 

TABLE 1. Patients Characteristics

Patient (N = 109)

No. (%)

Treatment
Anthracyclines 48 (44.0)
D+IFO 18 (16.5)
CYVADIC 8 (7.3)
IFO alone 15 (13.8)
Other 20 (18.4)

Sex
Male 60 (55.1)
Female 49 (45.0)

Age
Median, y 57
Range 21- 80
Q1- Q3 47- 62

Performance status
0 51 (46.8)
1 54 (49.5)
2+ 3 (2.8)
Missing 1 (0.9)

Histopathological grade
1 21 (19.3)
2 34 (31.2)
3 18 (16.5)
Unknown 36 (33.0)

Prior surgery
No 3 (2.8)
Partial 21 (19.3)
Total 19 (17.4)
Unknown 66 (60.6)

Prior radiotherapy
No 65 (59.6)
Yes 8 (7.3)
Unknown 36 (33.0)

Time since initial diagnosis
≤6 mo 41 (37.6)
6- 12 mo 15 (13.8)
1- 2 y 13 (11.9)
>2 y 40 (36.7)
Median (mo) 11.9
Range 0.1- 174.0
Q1- Q3 2.5- 46.3

Abbreviations: CYVADIC, doxorubicin plus cyclophosphamide plus vincris-
tine plus dacarbazine; D, doxorubicin; IFO, ifosfamide; Q, quartile.
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2/3) as prognostic factors for a worse survival and PFS, 
whereas there was no significant effect of treatment regimen 
observed either for PFS or OS (Supporting Tables 3 and 4).

In the anthracycline alone group, 47/48 patients were 
evaluable for response. All patients received anthracyclines 
as a first- line treatment. Forty- two patients received doxo-
rubicin 75 mg/m2, 1 Caelyx 50 mg/m2, and 5 epirubicin 
150 mg/m2. Best RECIST/WHO response was: 3/48 PR 
(6.3%), 24/48 SD (50%), and 20/48 PD (41%) for an 
ORR of 6.3% (95% CI, 1.3- 17.2). m- PFS was 4 months 
(95% CI, 2- 6) with 17% of patients progression- free at 1 
year; m- OS was 17 months (95% CI, 9- 24).

In the doxorubicin plus ifosfamide group, 15/18 pa-
tients were evaluable for response. All patients received 
anthracycline and ifosfamide as a first- line treatment. 

Best RECIST/WHO response was: 4/15 PR (22.2%), 
5/15 SD (66.7%), and 6/15 PD (33.3%) for an ORR of 
22.2% (95% CI, 6.4- 47.6). m- PFS was 12 months (95% 
CI, 1- 17) with 39% of patients progression- free at 1 year, 
whereas m- OS was 31 months (95% CI, 6- 48).

In the ifosfamide alone group, all 15 patients were 
evaluable for response. All patients received ifosfamide 
alone as a first- line treatment. No patient received ifosfa-
mide 5 g/m2, whereas 8 patients received ifosfamide 9 g/
m2 and 7 ifosfamide 12 mg/m2. The best RECIST/WHO 
response was: 2/15 PR (13.3%), 10/15 SD (66.7%), and 
3/15 PD (20%) for an ORR of 13.3% (95% CI, 1.6- 
40.5). m- PFS was 3 months (95% CI, 2- 6) with 25% of 
patients progression- free at 1 year, whereas m- OS was 19 
months (95% CI, 11- 44).

TABLE 2. Response Assessment, Overall and for Each Treatment Regimen

Response

Treatment, No. (%)

Total (N = 109)A alone (N = 48) IFO alone (N = 15) D+IFO (N = 18) CYVADIC (N = 8) Other (N = 20)

CR 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
PR 3 (6.3) 2 (13.3) 4 (22.2) 1 (12.5) 0 (0.0) 10 (9.2)
SD 24 (50.0) 10 (66.7) 5 (27.8) 4 (50.0) 14 (70.0) 57 (52.3)
PD 20 (41.7) 3 (20.0) 6 (33.3) 3 (37.5) 6 (30.0) 38 (34.9)
Not evaluable 1 (2.1) 0 (0.0) 3 (16.7) 0 (0.0) 0 (0.0) 4 (3.7)

Abbreviations: A, anthracycline; CR, complete response; CYVADIC, doxorubicin plus cyclophosphamide plus vincristine plus dacarbazine; D, doxorubicin; IFO, 
ifosfamide; PD, progressive disease; PR partial response; SD, stable disease.

FIGURE 1. Progression- free survival curves by RECIST/WHO in each treatment group. CYVADIC indicates doxorubicin plus 
cyclophosphamide plus vincristine plus dacarbazine; DOX, doxorubicin; IFO, ifosfamide; RECIST; WHO, World Health Organization.
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In the CYVADIC group, all 8 patients were evalu-
able for response. The best RECIST/WHO response was 
1/8 PR (12.5%), 4/8 SD (50%), and 3/8 PD (37.5%) 
for an ORR of 12.5% (95% CI, 0- 52.7). m- PFS was 
6.6 months (95% CI, 0.4- 17) with 50% of patients 
progression- free at 1 year, whereas m- OS was 13 months 
(95% CI, 0.4- 21).

In the “other” group (trabectedin, brostallicin), 
all 20 patients were evaluable for response; however, no 
responses were detected. m- PFS was 4.7 months (95% 
CI, 1.5- 8.7) with 15% of patients progression- free at 1 
year, whereas m- OS was 17 months (95% CI, 8.6- not 
assessable).

DISCUSSION
Because of the lack of prospective data on the efficacy of 
conventional first- line chemotherapy in WD/DD lipo-
sarcoma, we decided to take advantage of the EORTC 
STBSG database to conduct a retrospective analysis of 
the activity of front- line cytotoxic chemotherapy in 
adult patients with liposarcoma of IA origin who had 
entered EORTC STBSG phase 2 and 3 trials from 
1978. Our analysis confirmed a marginal activity of 
chemotherapy in this setting, in particular of regimens 
including single- agent anthracycline, with an ORR 
of 6.3% (3/47 patients) and an m- PFS of 4 months. 

Ifosfamide- containing regimens showed higher activity, 
although not statistically significant, with 22% ORR 
(4/15 cases) and an m- PFS of 12 months observed with 
the combination of doxorubicin/ifosfamide, whereas 
the ORR to ifosfamide alone regimens was 13% (2/15 
patients) with an m- PFS of 3 months. The ORR was 
12.5% with CYVADIC.

The results of this analysis are limited by its retro-
spective nature. In addition, patients included in this 
study were treated in different trials with different reg-
imens and with a degree of variability in patients’ fol-
low- up and imaging assessment, according to each study 
protocol. Unfortunately, the small numbers did not 
allow an adjusted analysis, stratified by study. Moreover, 
the assessment of response in IA WD/DD liposarcoma 
is particularly challenging because of the presence of an 
abundant WD component that does not shrink with 
cytotoxic chemotherapy. It is therefore possible that 
response in this study was somewhat underestimated. 
Finally, because of the lack of pathologic details on the 
histologic subtype, we had to select the IA location of 
the primary tumor as an entry criterion to exclude li-
posarcoma subtypes other than WD/DD liposarcoma. 
It is therefore possible that a few cases of pleomorphic/
myxoid liposarcoma are still included in the analysis, 
even though they are exceedingly rare in the abdomen. 

FIGURE 2. Overall survival curves by treatment group. CYVADIC indicates doxorubicin plus cyclophosphamide; DOX, doxorubicin; 
IFO, ifosfamide.
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With these limitations, this retrospective series of pro-
spectively assessed cases contributes to the limited data 
in the literature because no prospective studies specif-
ically focusing on anthracycline- based chemotherapy, 
which is the standard front- line treatment in advanced 
STS,8 have ever been conducted in WD/DD liposar-
coma nor are likely to happen. Compared with other 
series, our study has the advantage that response was 
assessed prospectively and, although based on a small 
number of patients, provides a result of m- PFS for the 
combination of anthracycline and ifosfamide.

Our results are comparable to what has been ob-
served in other series, showing that the combination of 
anthracycline and ifosfamide provides the best disease 
control in terms of ORR (doxorubicin plus ifosfamide 
= 22% vs doxorubicin alone = 6.3% and ifosfamide 
alone = 13%) and also of m- PFS (12 months vs 4 and 3 
months, respectively), although we could not show a sta-
tistical difference. English colleagues reported for the first 
time in 2005 a retrospective study of 12 WD/DD liposar-
coma with 2 responses (ORR, 17%) to front- line doxoru-
bicin plus ifosfamide, whereas the m- PFS for this specific 
regimen was not presented.11 The French colleagues 
published in 2012 a retrospective series of 171 WD/DD 
liposarcoma patients treated across 11 sites (10 French 
institutions and the Memorial Sloan Kettering Cancer 
Center in the United States), with an anthracycline- based 
regimen. Ninety- two patients received anthracyclines 
alone (72 patients had doxorubicin 60- 75 mg/m2, 20 pe-
gylated liposomal doxorubicin, 40- 50 mg/m2), 79 doxo-
rubicin in combination with other agents (25 patients 
received doxorubicin 60- 75 mg/m2 plus ifosfamide 7.5- 9 
g/m2; 14 doxorubicin 60 mg/m2 plus ifosfamide 2.5 g/m2 
plus dacarbazine 300 mg/m2; 40 doxorubicin plus miscel-
laneous cytotoxic or investigational agents). Results were 
comparable to what we observed, with 7.5% RECIST 
ORR in patients treated with anthracyclines alone versus 
18% in patients treated with an anthracycline- containing 
combination.10 No details were presented about m- PFS 
for each treatment group, whereas a 4.6- month m- PFS 
was reported for the entire series of patients treated with 
different regimens at a 28- month median follow- up.

Single- agent ifosfamide is also considered for treat-
ment of WD/DD liposarcoma, usually in second- line 
treatment. Our study, although based on a very limited 
number of patients, showed that ifosfamide monother-
apy was not inferior to single- agent doxorubicin. Small- 
cohort retrospective studies have shown the potential role 
of high- dose prolonged infusion ifosfamide specifically 
in WD/DD liposarcoma, with an ORR ranging between 

20% and 30% and an m- PFS ranging between 3.7 and 7 
months.15,16 This regimen was never prospectively tested 
in any EORTC STBSG trials, but overall data are con-
sistent with a selective activity of ifosfamide in WD/DD 
liposarcoma.

The univariate analysis for OS and PFS demon-
strated a negative prognostic impact of histopatholog-
ical grade (grade 2/3 vs grade 1) and time since initial 
diagnosis. This was confirmed by the multivariate anal-
ysis. However, the clinical relevance of these variables in 
defininig the prognosis of WD/DD liposarcoma treated 
with chemotherapy for advanced disease is difficult to 
interpret, because grade assessment in WD/DD liposar-
coma presents several challenges and has changed greatly 
over the years, whereas the time from initial diagnosis can 
be affected by several aspects that cannot be investigated 
retrospectively. On the other hand, unfortunately, both 
univariate analysis and multivariate logistic regression 
analysis of response to chemotherapy using backward se-
lection could not identify statistically significant predic-
tors of response.

In the past few years, trabectedin and eribulin have 
been also prospectively investigated in liposarcomas, show-
ing some activity in the WD/DD liposarcoma subtypes 
and are now available for treatment of WD/DD liposar-
coma from second- line treatment.17,18 Unfortunately, the 
antitumor effect seen with these agents in the registra-
tion trials (2.0- month m- PFS and no objective responses 
with eribulin in DD liposarcoma19; 2.2- month m- PFS to 
trabectedin17) is inferior to what we have observed with 
doxorubicin plus ifosfamide, which still appears to be 
the more effective systemic approach among those avail-
able for advanced WD/DD liposarcoma in fit patients. 
An exception seems to be trabectedin in WD/low- grade 
DD liposarcoma (defined according to the 2020 WHO 
classification1), as recently reported from a retrospective 
analysis showing a 47% ORR and 13.7- month m- PFS in 
these subtypes.20 Clearly, treatment options for patients 
affected by advanced liposarcoma are limited and there is 
a strong need for new active agents. New potential strate-
gies currently under investigations are CDK4 inhibitors, 
selinexor, MDM2 inhibitors, and PD1 inhibitors alone 
and in combination.21- 26 At present, the ORR and m- PFS 
observed with these new compounds are limited and this 
makes it even more important to increase the evidence 
on the efficacy of standard chemotherapy for compari-
son. In this regard, our analysis provides a benchmark for 
ongoing and future studies for new drug development in 
advanced WD/DD liposarcoma, starting from first- line 
treatment.
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