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ARTICLE INFO ABSTRACT

Keywords: Dedifferentiated liposarcoma (DDLPS) is a malignant mesenchymal neoplasm in desperate need of novel ther-
Dedifferentiated liposarcoma apeutic approaches. Often occurring in conjunction with well-differentiated liposarcoma (WDLPS), DDLPS can
Multidisciplinary behave more aggressively and exhibits a significant risk for developing recurrence or metastatic disease when
Chemotherapy . . . cae s . .

Radiation compared to its well-differentiated counterpart. A multidisciplinary approach is critically important, particularly
Surgery for patients with localized disease, as disease presentations are often complex, and the management of patients
Pathology has become increasingly nuanced as treatment approaches have become more refined. Expert pathology review
Novel therapies and appropriate application of diagnostic molecular techniques are key components of DDLPS diagnosis and also
MDM2 reflect an improved understanding of the underlying pathogenesis of the disease. Systemic therapies remain

CDK4 limited for DDLPS, but novel therapies targeting important underlying molecular drivers have resulted in
ongoing clinical trials aiming to improve outcomes for patients with advanced disease. In recognition of the
increased activity and interest within the DDLPS field, a multidisciplinary group of nationally recognized experts
in medical oncology, surgical oncology, radiation oncology, and pathology was convened to summarize key
insights. This position paper highlights important points from the meeting and provides evidence-based rec-
ommendations for practicing clinicians.

Introduction when occurring in isolation, is low-grade, relatively indolent in its

growth pattern, and not associated with the development of metastatic

Liposarcomas (LPS) are among the most common mesenchymal
neoplasms encountered in clinical practice. Collectively, liposarcomas
represent a family of adipocytic tumors with the most common histo-
logic subtypes including well-differentiated, dedifferentiated, and
myxoid; pleomorphic liposarcoma is rare. These tumors most commonly
arise in the extremities or trunk (ET) and retroperitoneum (RP), but all
areas of the body can be affected. Presenting symptoms can often be
vague and non-specific, particularly for patients with retroperitoneal
disease, whereas disease in the extremity will often present as a palpable
mass.

There are several prognostic factors related to liposarcoma that can
impact patient survival [1]. Tumor-specific factors include tumor size,
tumor grade, location, and histologic subtype. As an example, WDLPS,
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disease, but can locally recur [2]. In contrast, DDLPS, occurring de novo
or in conjunction with WDLPS, can behave in an aggressive fashion with
significant risk for local recurrence and distant metastatic spread [2].

With an annual incidence of 0.21 cases/100,000 person years,
DDLPS accounts for less than 2,500 new cases per year in the United
States and is more common in men than women [3]. Retroperitoneal
DDLPS can often grow to be quite large, particularly when in association
with WDLPS, before symptoms develop or physical exam findings are
noted. Symptoms associated with retroperitoneal disease may include
increased abdominal girth, early satiety, nausea, changes in bowel
habits, and unexplained weight loss. Extremity disease may be painful or
painless in nature.

The diagnostic evaluation of DDLPS includes cross-sectional imaging
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of the primary tumor site and assessment for potential metastases, as
well as pathologic evaluation, ideally from pretreatment biopsy. Since
parenchymal lung metastases are the most common site of metastasis,
CT scan of the chest is recommended for all patients diagnosed with
DDLPS, regardless of the tumor location. For DDLPS of the extremity/
trunk, magnetic resonance imaging (MRI) is the preferred modality for
evaluating the primary tumor, as it provides optimal assessment of the
tumor’s proximity to and involvement with adjacent soft tissue and
neurovascular structures. Advanced imaging techniques, such as
diffusion-weighted (DW) imaging and dynamic contrast-enhanced im-
aging, can help differentiate inflammation and fibrosis and are partic-
ularly useful after neoadjuvant treatments.

For retroperitoneal and intra-abdominal DDLPS, contrasted CT of the
abdomen and pelvis is the preferred imaging modality. The relationship
of the tumor to major vascular structures, including the superior
mesenteric artery (SMA), porta hepatis, aorta, and inferior vena cava
(IVQ), is critical in determining resectability. Additionally, assessing the
extent of involvement of the colon, as well as the ipsilateral and
contralateral kidneys and ureters, is essential for planning a safe
resection.

Mouse double minute 2 (MDM2) and cyclin-dependent kinase 4 (CDK4)
gene amplifications are nearly ubiquitous in DDLPS [4]. As a negative
regulator of p53, MDM2 overexpression is common in a variety of ma-
lignancies and has become an attractive target for several emerging
therapies [5]. Similarly, therapies targeting CDK4 are part of ongoing
clinical trials in DDLPS.

The sections to follow highlight the multidisciplinary approach
required to optimize the management of patients with DDLPS, including
the importance of pathologic expertise in making a diagnosis, local
control considerations, and management of metastatic disease, as well as
novel therapeutic approaches currently under investigation. Recom-
mendations will follow each section to inform the reader of current best
practices.

Diagnostic pathways

DDLPS is defined as progression of WDLPS to a (usually) non-
lipogenic sarcoma [6]. Pathologically, the transition between WDLPS
and DDLPS is usually abrupt, although in some cases the transition may
be more gradual; occasionally, no well-differentiated adipocytic
component can be identified in the resection specimen (Fig. 1). Now that
the molecular pathogenetic basis for these tumor types is understood,
the diagnosis of DDLPS can be made without identifying a WDLPS
component. It is critical for pathologists to have a high index of suspi-
cion for DDLPS; this diagnosis should always be considered when
reviewing a core needle biopsy of a retroperitoneal mass. DDLPS lacks
distinctive histologic appearances; morphology is highly variable,
ranging from the classic pleomorphic appearance to relatively uniform
spindle cell or even epithelioid morphology [7]. Myxoid stroma is
commonly identified. The latter may result in diagnostic confusion for
the pathologist, leading to consideration for myxoid liposarcoma or
myxofibrosarcoma [8]. However, myxoid liposarcoma virtually never
arises primarily in central body cavity locations (although such sites are
common for metastatic disease), and myxofibrosarcoma only occurs in
somatic soft tissue sites (extremities and trunk wall).

Approximately 10 % of DDLPS cases show heterologous differenti-
ation, including rhabdomyoblastic (skeletal muscle), chondro-osseous,
or, less often, other elements [9]. DDLPS with rhabdomyoblastic ele-
ments pursues a particularly aggressive clinical course [10]. Encoun-
tering such components may lead to consideration for a
rhabdomyosarcoma or extraskeletal osteosarcoma, for example; again,
the presentation as a large retroperitoneal or abdomino-pelvic mass
should lead to the correct diagnosis. Finally, rare cases of DDLPS show
“homologous” lipoblastic differentiation, resembling pleomorphic lip-
osarcoma [11]. Any of these less common histologic features should not
dissuade the pathologist from pursuing confirmatory ancillary
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Fig. 1. Pathology of dedifferentiated liposarcoma. A. Well-differentiated
liposarcoma component showing variation in adipocyte size and thickened
fibrous septa containing atypical cells with hyperchromatic nuclei. B. Dedif-
ferentiated liposarcoma composed of sheets of pleomorphic cells showing
widely variable nuclear morphology including very large, bizarre forms and a
high mitotic rate. C. Fluorescence in situ hybridization (FISH) analysis showing
high-level MDM2 gene amplification in tumor cells (left and middle cells; red
signal). The normal cell on the right contains 2 copies of MDM2. CEP12, signal
directed against the centromere of chromosome 12 (green signal). D. Immu-
nohistochemistry for MDM2 showing strong nuclear staining in tumor cells.

techniques.

DDLPS shows amplification of the chromosome 12q13-15 region, in
the form of ring and giant marker (rod) chromosomes, including the
critical driver gene MDM2 and often CDK4 [12]. Fluorescence in situ
hybridization (FISH) for MDM2 is routinely applied to confirm the
diagnosis; overexpression of the MDM2 protein can also be assessed by
immunohistochemistry (IHC) (Fig. 1) [13]. IHC is less specific than
FISH, although in the context of a large retroperitoneal sarcoma, IHC is
often sufficient. Histologic grading of resected DDLPS (using the
FNCLCC system) appears to predict metastatic risk: high-grade DDLPS
has higher metastatic potential than intermediate-grade tumors [14].

Recommendations:

1. Given the increasing role of histology-specific therapeutic ap-
proaches, individuals with a suspected DDLPS should have pathology
reviewed at a center with sarcoma expertise.

2. DDLPS should always be considered in the differential when
reviewing a core needle biopsy of a retroperitoneal mass.

3. The use of molecular diagnostics, including the assessment of
MDM?2 amplification by FISH, or, in the appropriate clinical context,
overexpression by IHC, can help confirm a diagnosis of DDLPS.

Management of localized disease
Surgical considerations

For localized DDLPS, whether it arises in the RP or the ET, surgery
remains the only potentially curative option. The optimal surgical
strategy includes an oncologically complete resection at the time of the
initial operation, which ideally involves 1-2 cm of normal tissue as the
margin. The feasibility of this differs based on anatomic location and
individual management plans, and all patients with DDLPS should be
discussed in a specialized sarcoma multidisciplinary tumor board
(Fig. 2).
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Fig. 2. Proposed treatment algorithm for DDLPS.

A complete en bloc resection is the cornerstone of management for RP
DDLPS [15]. In the RP, DDLPS typically arises from the perinephric fat
and is large, abutting, or involving multiple intra-abdominal organs,
most commonly the kidney and colon. To achieve complete removal, a
multi-visceral resection is often necessary, aiming for a macroscopically
complete resection [16,17]. Anatomic constraints in the abdomen pre-
vent wide resection margins, which contribute to high rates of local
recurrence. An extended resection approach for RP DDLPS has been
proposed, which involves resection of the adjacent viscera, typically the
colon, even in the absence of macroscopic infiltration. However, this
approach should be weighed against the short-and long-term morbidity
and mortality associated with such extensive surgery [18]. Regardless of
the surgical approach taken, DDLPS often consists of a combination of a
solid DDLPS component and an associated, fattier WDLPS component.
Therefore, a careful review of preoperative imaging with sarcoma ra-
diologists is crucial to ensure removal of all the abnormal ipsilateral fat.

In the extremity, limb-sparing surgery is considered the standard of
care. Amputation should be performed in < 5 % of patients with primary
ET sarcoma, including DDLPS. Radical resection of the DDLPS with 1-2
cm of normal muscle is required, with sparing of critical structures such
as major nerves or blood vessels, unless directly invaded [19]. For deep
tumors, the periosteum can be resected as a margin using a periosteal
elevator to spare the need for bone resection.

Given that DDLPS is a rare tumor requiring complex surgical man-
agement, it is best treated by an experienced multidisciplinary team at a
specialized referral center. In common cancers, surgical treatment of
cancer at high-volume centers is associated with improved outcomes
[20]. Recent studies from the US and Europe have demonstrated a
positive relationship between hospital volume and outcomes for patients
with sarcoma [21-23]. Patients treated at high-volume hospitals (per-
forming more than 10-13 primary sarcoma operations per year) had
lower 30-day readmission rates, reduced 30- and 90-day mortality rates,
and longer overall survival (OS). These findings underscore the impor-
tance of patients receiving treatment by sarcoma specialists.

Radiation therapy considerations

Indications for radiation therapy (RT) for DDLPS vary by the
anatomic location of disease. DDLPS of the ET is treated with a similar
approach to most soft tissue sarcomas of ET. For ET soft tissue sarcoma,
several randomized trials have demonstrated a local control benefit with

the addition of RT to limb-sparing surgery [24-26]. In these studies,
with the addition of RT, risk of local recurrence is <15 %. Furthermore,
in experienced hands at high-volume sarcoma centers, risk of local
recurrence following limb-sparing surgery and RT is <10 % [27-29].
Accordingly, North American and European guidelines recommend the
addition of RT to limb-sparing surgery for soft tissue sarcomas of ET felt
to be at risk of local recurrence (e.g. large tumors, high-grade, or those
expected to have close or positive resection margins) [30,31]. On the
other hand, because sarcomas of RP are less common, we do not have a
similar series of high-quality randomized trials to guide management.
The available data are conflicting with respect to the potential benefit of
RT in the management of RP DDLPS. The recent EORTC-STRASS trial
randomized 266 patients with primary resectable RP sarcoma to either
50.4 Gy preoperative RT followed by surgery vs surgery alone [32]. The
primary endpoint was abdominal recurrence-free survival and there was
no demonstrated improvement with the addition of RT. Interestingly,
post-hoc analyses showed a potential benefit for low-grade or well-
differentiated LPS, but not for high-grade DDLPS. Thus, macroscopic
complete resection is the standard of care for RP sarcoma and routine
treatment with RT is not recommended for DDLPS of RP (or any RP
sarcoma) [30].

If RT is delivered in combination with surgery, the sequencing can be
preoperative or postoperative. For ET sarcoma, a sentinel randomized
trial comparing preoperative vs postoperative RT showed no difference
in local control or survival outcomes, but the side effect profiles differed
[27,33]. There was a higher risk of temporary major wound complica-
tions with preoperative RT compared to a higher risk of permanent long-
term side effects including edema, subcutaneous fibrosis, and joint
stiffness with postoperative RT [33]. Due to its association with fewer
permanent long-term side effects, preoperative RT is typically preferred
[30]. For RP DDLPS, there are no clear data demonstrating the benefit of
RT, but if it is delivered, preoperative RT is preferred [28]. The reasons
for this are that, in the preoperative setting, standard sarcoma doses are
lower (50 Gy) and achievable with respect to the tolerance of adjacent
normal organs, whereas in the postoperative setting, standard sarcoma
doses are higher (60-66 Gy), and such doses exceed the tolerance of
adjacent normal organs, most notably bowel.

Lastly, conventional RT dose fractionation (2 Gy) is recommended
for DDLPS of both ET and RP. For ET, the standard-of-care RT regimen is
50 Gy delivered in 2 Gy fractions over 5 weeks preoperatively or 60-66
Gy postoperatively [28]. The potential role of hypofractionated
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preoperative RT regimens for soft tissue sarcoma of ET whereby treat-
ment is delivered over 1 or 3 weeks rather than 5 weeks is being studied,
but data are not yet sufficiently mature to change standard of care
[34-39]. For RP sarcoma, if RT is recommended after multidisciplinary
discussion and shared decision making with the patient, the same pre-
operative dose of 50 Gy delivered over 5 weeks is recommended.

Perioperative chemotherapy considerations

Determining the impact of perioperative chemotherapy in adult soft
tissue sarcomas has proven to be a difficult task. Clinical trials are
confounded by the heterogeneity of both histology and primary location
of the sarcoma, as well as the variable treatment regimens used. To
answer this question, LPS of the ET must be considered separately from
LPS of the RP, as these each have a different clinical course and recur-
rence rate.

Multiple randomized trials have been performed looking at the role
of anthracycline-based regimens in the ET. While doses studied in each
trial varied significantly, more modern trials have included epirubicin or
doxorubicin  60-75 mg/m? with higher doses of ifosfamide,
9000-10,000 mg/m? for 3-5 cycles [40,41]. Despite discordant results,
a meta-analysis suggested an improvement in OS for anthracycline plus
ifosfamide trials with an odds ratio (OR) of 0.56 (95 % CI, 0.36-0.85; P
= 0.01) and an absolute risk reduction of 12 % (95 % CI, 3 %21 %; P =
0.01) [42]. Attempts to further define which patients may benefit the
most from chemotherapy focused on defining high-risk patient pop-
ulations using the prognostic nomogram Sarculator [43]. These studies
suggest patients with a predicted 10-year OS of less than 60 % benefit
from chemotherapy, while patients with intermediate or lower risk do
not [44,45]. Based on these data, the use of perioperative chemotherapy
may be considered for patients who are at high risk for recurrence. It is
important, however, to balance this discussion with both the short- and
long-term risks of these regimens.

For RP DDLPS, the discussion is much more difficult. Most modern
trials trying to answer this question have focused on sarcomas of the ET.
For RP sarcomas, data are limited, and, in at least 1 study, have sug-
gested a worse OS for patients who received neoadjuvant chemotherapy
(HR, 1.17; 95 % CI, 1.04-1.31; P = 0.009) despite controlling for high-
risk features [46]. Extrapolating from randomized trials in extremity
sarcomas is also difficult, as no trial has specifically investigated DDLPS,
and the impact of local and metastatic recurrences differs between lo-
cations. In a prospective, neoadjuvant, single-arm trial using high-dose
ifosfamide (14 g/m?) administered as a long infusion in patients with
localized RP sarcomas, distant metastasis rates at 7 years were 6 % and
19 % for WDLPS and DDLPS respectively, yet 7-year OS was 82 % and
53 %, respectively [47]. This suggests that death from disease may be
impacted more from local recurrence than distant metastasis. The
currently enrolling STRASS 2 trial (NCT04031677), investigating pre-
operative doxorubicin/epirubicin in combination with either ifosfa-
mide, in patients with grade 2 and 3 retroperitoneal DDLPS, or
dacarbazine, in patients with leiomyosarcoma, will hopefully answer the
question regarding the role of neoadjuvant chemotherapy in RP
sarcoma.

Despite the lack of robust data for the use of chemotherapy in this
setting, there are patients for whom preoperative chemotherapy may be
considered: particularly large, grade 3 DDLPS where complete resection
may have high morbidity; or when there is concern for a particularly
aggressive disease course. This decision requires a multidisciplinary
discussion amongst liposarcoma specialists, along with a risk-benefit
discussion with the patient. The focus of perioperative chemotherapy
has shifted to neoadjuvant treatment in recent years. For retroperitoneal
DDLPS, this approach is even more important, given the frequent use of
ifosfamide-based regimens which require adequate kidney function. As
surgery for a RP DDLPS frequently requires a nephrectomy, chemo-
therapy, if being considered, is best given in the neoadjuvant setting.

Recommendations:

Cancer Treatment Reviews 131 (2024) 102846

1. Surgical resection for a localized DDLPS should be performed in a
high-volume center, as outcomes are improved compared to low-
volume centers

2. Radiation therapy should be considered, either preoperatively or
postoperatively, for a high-grade DDLPS of the extremity, given
improvement in local control when combined with limb-sparing
surgery.

3. The use of radiation therapy for retroperitoneal DDLPS is not
routinely recommended

4. Despite limited data, perioperative chemotherapy with an anthra-
cycline in combination with ifosfamide, for example, may be
considered for patients with DDLPS at high risk for recurrence. If
perioperative chemotherapy is being considered for RP DDLPS,
neoadjuvant chemotherapy is preferred.

Management of advanced disease

While significant progress has been made in the systemic treatment
of liposarcoma, standard first-line chemotherapy for DDLPS remains an
anthracycline-based regimen, most commonly doxorubicin at a dose of
75 mg/m?/cycle. As trials have not consistently demonstrated an OS
benefit for anthracycline combination treatments in the metastatic
setting, monotherapy is commonly used [48]. However, response rates
are higher with combination treatment, thus the addition of ifosfamide
is considered in patients with oligometastatic disease who could go on to
potentially curative treatments or for those patients with rapidly pro-
gressive and/or symptomatic disease.

Available second-line treatments include gemcitabine plus doce-
taxel, trabectedin, and eribulin. Of note, multi-tyrosine kinase inhibitors
have failed to show benefit for DDLPS in multiple clinical trials [49-51].
Gemcitabine plus docetaxel improved both progression-free survival
(PFS) and OS compared to gemcitabine alone in a trial of all soft tissue
sarcomas; however, the degree of benefit for DDLPS specifically is un-
known [52]. Both trabectedin and eribulin were compared to dacarba-
zine in similarly designed randomized phase III trials for both
liposarcomas and leiomyosarcoma, showing superiority to dacarbazine
in patients with DDLPS (Table 1) [53,54]. In the pre-planned LPS (all
subtypes) analysis, trabectedin improved PFS by 1.5 months compared
to dacarbazine, but showed no OS benefit [55]. In the DDLPS subset
analysis, eribulin improved OS by 10 months, with no improvement in
PFS [56]. As this is consistent with results seen in breast cancer, there is
speculation that eribulin impacts sensitivities to later-line therapies.

Immunotherapy approaches have been tested in DDLPS with
intriguing responses or durable disease control in a small subset of pa-
tients, yet broad activity appears to be lacking. For example, the phase II
study evaluating pembrolizumab in soft tissue and bone sarcomas
(SARCO028) included a cohort of 10 patients with DDLPS. Two patients
(20 %) achieved partial response (PR), leading to an expansion cohort
with 30 additional DDLPS participants [57,58]. Across the 39 patients
evaluated, the overall response rate (ORR) was 10 % and median pro-
gression free survival (mPFS) was 2 months, suggesting limited activity
for pembrolizumab monotherapy (Table 1). Pembrolizumab or nivolu-
mab (with or without ipilimumab) are listed in NCCN guidelines for
subsequent lines of therapy for advanced or metastatic disease. Given
limited systemic therapy options, we typically incorporate immune
checkpoint inhibitors after approved chemotherapies.

As these regimens have not been compared to each other in ran-
domized trials, decisions regarding the order in which they are given
involve shared decision making with the patient and consideration of
patient comorbidities and unique toxicities. In particular, the logistics of
treatment schedules, such as 24-hour infusions for trabectedin and Day 1
and 8 treatments for gemcitabine plus docetaxel and eribulin, may
impact patient decision making. In the end, sequential use of each of
these regimens is important, and patients appropriate for cytotoxic
chemotherapies will often receive each of them at some point in their
treatment course. As the current treatment paradigm for DDLPS involves



C.L. Haddox et al.

Cancer Treatment Reviews 131 (2024) 102846

Table 1
Clinical trials impacting standard of care in DDLPS.
Common Phase  Drugs Mechanism Design Outcome Ref
Name
— I Trabectedin Chemotherapy; alkaloid Subgroup of advanced or metastatic LPS after Overall survival 13.1 movs 12.6  [53,55]
agent anthracycline; randomized 2:1 to trabectedin vs mo (T vs D). HR 1.05 (95 % CI
dacarbazine (T vs D) 0.69-1.60)
Median PFS 3.0 mo vs 1.5 mo (T
vs D). HR 0.55 (95 % CI
0.34-0.87)
— 11 Eribulin Chemotherapy; Non- Subgroup of advanced or metastatic DDLPS after 2 prior ~ Overall survival 18 mo vs 8.1 [54,56]
taxane microtubule lines (including anthracycline); randomized 1:1 to mo (E vs D). HR 0.429 (95 % CI
inhibitor eribulin vs dacarbazine (E vs D) 0.232-0.792)
Median PFS 2 mo vs 2.1 mo (E vs
D). HR 0.691 (95 % CI
0.359-1.328)
SARC028 )i Pembrolizumab PD-1 inhibitor Subgroup of advanced or metastatic DDLPS who received ORR 10 % (4 of 39 evaluable) [57,58]
up to 3 prior lines; single arm. Included 10 initial and 30 ~ Median PFS 3 mo (95 % CI 2-4
additional patients in expansion. mo)
— I Palbociclib CDK4/6 inbitor Nonrandomized, open label; single arm. Enrolled 30 in 12 week PFS 57.2 % (95 % CI [63]

initial cohort and 30 in expansion cohort

42.4 %-68.8 %).

Median PFS 17.9 weeks (95 % CI
11.9-24 weeks).

1PR

multiple cytotoxic agents, toxicities will accumulate, and it is important

to provide systemic treatment breaks when appropriate. Given the

limited number of treatment options available for metastatic DDLPS,

clinical trial participation is strongly recommended (Table 2).
Recommendations:

1. Anthracycline-based therapy, either as a single agent (doxorubicin or
epirubicin) or as part of a combination (doxorubicin or epirubicin in
combination with ifosfamide), is considered the front-line standard
for metastatic DDLPS

2. Treatment options in the second and later lines of therapy for DDLPS
remain limited and include gemcitabine-based regimens as well as
trabectedin and eribulin. Clinical trial participation is strongly
encouraged

Novel therapies

The unique molecular features of DDLPS provide potential action-
able targets for novel drug development. The disease-defining 12q13-15
amplification leads to near-ubiquitous amplification of CDK4 and MDM2
in DDLPS, which are attractive targets for clinical evaluation.

Cyclin-dependent kinases (CDKs) perform diverse functions in cells,
including cell cycle control and transcriptional regulation. Several
studies have investigated CDK inhibitors in DDLPS, particularly CDK4/6
inhibitors [59-64]. Palbociclib was explored in 2 phase II trials using
different dosing strategies for patients with WD/DDLPS. Although 2
patients across the 2 studies achieved a RECIST-defined response (1
complete response (CR), 1 PR), most patients experienced tumor growth
with a mPFS of 18 weeks in both studies [62,63]. Of note, palbociclib is
listed in NCCN guidelines for WD/DDLPS (Table 1), but given poor ac-
tivity in trials to date, we generally prioritize the approved

chemotherapy options mentioned above unless the patient is not a
suitable candidate for chemotherapy.

The more potent CDK4/6 inhibitor, abemaciclib, was evaluated in a
phase II trial, which revealed a numerically higher response rate of 10 %
(3 out of 30) and 6 patients had durable disease control for > 2 years
[64]. A phase III randomized trial comparing abemaciclib with placebo
in DDLPS (SARC041; NCT04967521) is underway (Table 2). Correlative
studies show that CDK4/6 inhibitors can cause DDLPS cell growth arrest
by inducing prolonged quiescence or senescence, and the latter may
augment tumor immune cell infiltration [65]. In general, hematologic
toxicity due to CDK6 inhibition narrows the therapeutic index for these
agents, and this limitation may be subverted by CDK4 selective
inhibitors.

MDM2 is an E3 ubiquitin ligase that targets p53 for degradation, in
addition to other p53-independent functions. At the supraphysiologic
levels observed in DDLPS, MDM2 impacts a broad array of oncogenic
transcriptional circuits. Accordingly, MDM2 inhibitors are a rational
treatment strategy in DDLPS. The MANTRA phase III registration trial
compared milademetan, which inhibits the MDM2-p53 interaction,
against trabectedin in 175 patients with DDLPS, but failed to meet its
primary PFS endpoint [66]. Although the mechanism of resistance has
not been determined, preclinical studies show that MDM2 is amplified
on neochromosomes, which are segregated between daughter cells in a
non-Mendelian fashion, leading to heterogeneity in MDM2 copy number
within a tumor. Cells with very high copy numbers were primarily
resistant to MDM2 inhibition [67]. Further, MDM2 inhibition caused an
initial surge in p53 levels, which further drives expression of MDM2
[67]. These findings provide insights into mechanisms of resistance, and
it will be critical to develop predictive biomarkers further to aid in pa-
tient selection. Although the MANTRA trial results were disappointing,
another MDM2 inhibitor in development, brigimadlin (BI 907828),
showed promising activity in DDLPS. Preliminary analysis of 85

Table 2
Ongoing key clinical trials in DDLPS.
Common Name NCT Phase Investigational Drugs Mechanism Design
STRASS 2 NCT04031677 1II Doxorubicin + Ifosfamide/Mesna Cytotoxic chemotherapy Neoadjuvant AIM vs placebo for localized, resectable
(AIM) RP DDLPS
SARC041 NCT04967521 III Abemaciclib CDK4/6 inhibitor Abemaciclib vs placebo for advanced DDLPS
NCT05218499  1II Brigimadlin MDM2 inhibitor Brigimadlin vs doxorubicin for advanced DDLPS

Brightline-1

NCT05694871 I Palbociclib + Cemiplimab

CDK4/6 inhibitor + PD-1
inhibitor

Palbociclib + cemiplimab vs palbociclib alone for
advanced DDLPS
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evaluable patients in the phase Ib study showed a mPFS of 8.1 months
(95 % CI 5.7-9.9), 1 CR and 15 PR [68]. Additionally, 31 evaluable
patients with WDLPS had a mPFS of 25.1 months and 3 patients ach-
ieved PR [69]. Of note, the phase II/III trial (Brightline-1) comparing
front-line brigimadlin to doxorubicin in patients with advanced DDLPS
has recently completed accrual (NCT05218499) (Table 2).

Although PD-1 inhibitor monotherapy has a relatively low response
rate in DDLPS, combinations or predictive biomarkers that enrich for
patients most likely to benefit may improve outcomes [70-72]. For
instance, CDK4/6 inhibition appears to impact the immune microenvi-
ronment of DDLPS, which prompted studies investigating combinations
with PD-1 inhibitors. The PD-1 inhibitor retifanlimab was combined
with palbociclib in a phase II study (NCT04438824) of 30 patients. A
preliminary analysis of 28 enrolled patients revealed the study met its
primary endpoint with an ORR of 14.3 % [73] and correlative studies are
forthcoming. Additionally, the PD-1/CDK4/6 inhibitor combination
strategy is under evaluation in the ongoing randomized phase II trial
testing palbociclib alone or palbociclib combined with the PD-1 inhib-
itor cemiplimab in patients with DDLPS (NCT05694871) (Table 2).

In summary, several novel therapies are under active investigation
and may change the management paradigm for patients with inoperable
or metastatic DDLPS. Further discovery work on DDLPS biology is
needed to promote drug development in this rare disease. Where
appropriate and accessible, patients should be referred for consideration
of trial participation at sarcoma centers familiar with the dynamic
landscape of trials for DDLPS.

Recommendations:

1. Despite limited activity observed in trials, CDK4/6 inhibitors remain
an option for patients with advanced disease where chemotherapy is
inappropriate or ineffective. Clinical trials investigating CDK4/6
inhibitors, where available, are favored over off-label administra-
tion. Activity to date has been modest and these approaches remain
investigational.

2. Clinical trial enrollment should be an important consideration for
patients with DDLPS at all stages of the disease course

Conclusion

A multidisciplinary approach is critically important in providing the
best care for patients with DDLPS. An improved understanding of the
molecular underpinnings of the disease has resulted in the use of mo-
lecular techniques to aid in the confirmation of the diagnosis, as well as
the introduction of novel therapies targeting key signaling pathways
involved in its development. Multidisciplinary teams with disease-
specific expertise are required to ensure that outcomes for patients are
optimized.
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