Cancer Management and Research SO

ORIGINAL RESEARCH

“Enhancing Liposarcoma Prognosis — A New
Predictive Scoring System Integrating
Histopathological Insights”

Ana-Maria Ciongariu"z, Dana Antonia Tipoi"z, Adrian-Vasile Dumitru"z, Valentin Enache3,
Andrei Marin 4, Cosmin A Creanga Snr3, Mariana Costache'"?

'Department of Pathology, “Carol Davila” University of Medicine and Pharmacy, Bucharest, 02002 |, Romania; 2Department of Pathology, University
Emergency Hospital Bucharest, Bucharest, 050098, Romania; *Department of Pathology, Clinical Emergency Hospital BGucharest, Bucharest, 014461,
Romania; *Department of Plastic Surgery, “Carol Davila” University of Medicine and Pharmacy, Bucharest, 020021, Romania

Correspondence: Adrian-Vasile Dumitru, Email dr.adriandumitru@yahoo.com; Dana Antonia Tapoi, Email dana-antonia.tapoi@drd.umfcd.ro

Introduction: Liposarcomas are malignant soft tissue tumours with heterogeneous features and variable prognosis. Each entity
comprised in this group displays distinct morphology and harbours specific genetic alterations, which correlate with clinical behaviour
and therapy response. The aim of this study is to analyse the clinical and histopathological features that can influence the prognosis of
liposarcoma. We also present a newly designed scoring system that could be useful for predicting the risk of disease progression and
death in patients with different liposarcoma subtypes.

Materials and Methods: We carried out a retrospective multicentric study on 77 liposarcomas diagnosed between 2009 and 2023
that were followed up to assess the presence of metastases and survival of the patients. We evaluated the age, gender, tumour location
and dimensions, histological subtype, mitotic index, presence and percentage of necrosis, and their association with disease progres-
sion and survival.

Results: In this respect, progression-free survival was positively associated with lower mitotic index, somatic soft-tissue localization,
well-differentiated and myxoid subtypes and absence of necrosis. Overall survival was negatively influenced by older age, higher
mitotic index, dedifferentiated and pleomorphic subtypes and the presence of necrosis. Therefore, several clinical and histopatholo-
gical features of liposarcomas, such as tumour location, mitotic index, and tumour necrosis can strongly predict the disease evolution.
Discussion: This study focuses on developing a new scoring system that considers histologic subtype, mitotic index, and tumour
necrosis as indicators that could predict the risk of disease progression and overall survival in patients with liposarcoma. The system
classifies liposarcomas of any histological subtype into low-risk and high-risk tumours. Diagnosing liposarcomas using this two-tiered
system could be useful for providing personalized therapy, in order to avoid relapses, metastases and improve the disease’s prognosis.
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Introduction

Liposarcomas are rare malignant tumours of the adipose tissue that can be classified into multiple subtypes, reflecting
their clinical course and treatment sensitivity, as well as their histopathological and biological peculiarities." This
heterogeneous group comprises tumours with significantly variable prognoses, correlated with several clinical and
histopathological features.'* Histopathological subtype and tumour location are well described as prognostic factors
for liposarcoma.' Well-differentiated liposarcoma typically associates favourable prognosis, although it harbours
complex genetic abnormalities.* Dedifferentiated liposarcoma has a more aggressive clinical course, as patients fre-

quently develop metastases and have poor overall survival.>

Myxoid liposarcoma is a distinct entity implying specific
molecular features and has a propensity for local recurrence and metastases involving soft tissue, bone, and lung.®’
Pleomorphic liposarcoma is a rare subtype, also regarded as a high-risk malignancy, associating variable prognosis,
depending on tumour location, local extension, and presence of metastases.® Tumours located in the retroperitoneum,
omentum or mediastinum have a worse prognosis, compared to lesions of the somatic soft tissue, as patients tend to

develop recurrences and die, even in the absence of metastases.” " Tumours of these regions usually are dedifferentiated
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and well-differentiated liposarcomas, as well as pleomorphic and myxoid pleomorphic liposarcomas.”'* Proliferative
activity is important for the diagnosis and evaluation of sarcomas and can have prognostic significance in the matter of
liposarcomas.'? The value of the mitotic index is recognized for assessing the risk of primary and recurrent tumours with
any localization.'* ' Although mitotic activity tends to be higher in dedifferentiated and pleomorphic liposarcomas, it is
significant for every liposarcoma subtype.'*'> Tumour necrosis is also regarded as an independent predictor of local
recurrence and survival, especially in patients with liposarcomas of the retroperitoneum.'®'* Moreover, an assessment of

tumour necrosis is performed to evaluate the treatment sensitivity of tumours at various locations.'”'®

Materials And Methods
Study Participants

This retrospective study included 77 patients diagnosed with primary liposarcoma of the somatic soft tissue, viscera,
abdominal cavity, mediastinum and breast in the Pathology department of the University Emergency Hospital of Bucharest,
Romania, and in the Department of Pathology of the Clinical Emergency Hospital of Bucharest, Romania, between 2009 and
2022. The cases were collected in the context of a retrospective chart review. At first, 83 cases were identified but 6 of them
were excluded due to lack of follow-up. The inclusion criteria for the patients were: a histopathological diagnosis of primary
liposarcoma, confirmed using immunohistochemical analysis, an imagistic investigation used to assess the presence of
metastases after the initial diagnosis, and a follow-up of at least two years to determine the progression-free survival (PFS)
and overall survival (OS). Next-generation sequencing was also performed for cases with atypical histomorphology or non-
specific immunophenotype, but investigations were carried out in a tertiary diagnostic centre, therefore results could not be
displayed. PFS was calculated as the time between the date of primary diagnosis and metastatic spread, while OS was
calculated as the time between the date of the initial diagnosis and death.

The study that we conducted was approved by the Ethics Committee of the University Emergency Hospital of
Bucharest by decision nr. 79363/21.12.2023 and by the Ethics Committee of the Clinical Emergency Hospital Romania
Bucharest by decision nr. 5210/ 03.07.2024 and was conducted in accordance with the principles of the Helsinki
Declaration. Each patient signed an informed consent form.

Histopathological and Immunohistochemical Analysis

The tissue samples were processed using standard histopathological and immunohistochemical methods. Four patholo-
gists (A.M.C., D.A.T., A.V.D, and V.E.) examined the sections and established the diagnosis. Differences in opinion were
settled by consultation with other two pathologists (M.C. and C.C.). The immunohistochemical markers that we used for
confirmation were: MDM2 (Murine Double Minute 2) - SMP14 mouse monoclonal 1:50-, Zeta; CDK 4 (Cyclin-
dependent kinase-4) - ZR349, rabbit monoclonal 1:100, Zeta; S100 protein - 4C4.9, mouse monoclonal 1:150, Zeta
and p53 — DO - 7 mouse monoclonal 1:100, Zeta. Results of immunohistochemical analysis are showed in Table 1.

Table | (A) Analysis of Tumour Immunophenotype. Liposarcomas With Non-Specific

Immunophenotype Were Referred to Molecular Analysis (Indicated With Blue Arrows) Which
Confirmed the Initial Histopathological Diagnosis. (B) Analysis of p53 Immunophenotype

Histological subtype Number of cases | MDM2 | CDK4 S100
Myxoid liposarcoma 35 - - Positive
Well differentiated liposarcoma 12 + +
6 - —==) | Molecular confirmation | Positive
Dedifferentiated liposarcoma 10 + +
2 - —m) Molecular confirmation | Negative
(Continued)
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Table | (Continued).

Pleomorphic liposarcoma 12 - - Positive
Histological subtype p53 status
Myxoid liposarcoma 28 Wild Type
7 Hyperexpression
Well differentiated liposarcoma 4 Wild type
14 Hyperexpression
Dedifferentiated liposarcoma 3 Wild type
9 Hyperexpression
Pleomorphic liposarcoma 2 Wild type
10 Hyperexpression

Data Collection and Analysis

The following variables were collected for each patient: age, gender, tumour site, histological subtype of liposarcoma,
tumour’s greatest dimension, mitotic index, presence and percentage of necrosis, status of the resection margins,
presence/absence of recurrences and metastatic lesions. All cases were revised before performing statistical analysis
and liposarcoma subtypes, grade and TNM staging were classified according to the 5™ edition of The Who Classification
of tumours of the soft tissue and bone and to guidelines of Fédération Nationales des Centres de Lutte Contre le Cancer.
We thoroughly selected only patients without neoadjuvant therapy in order to investigate the native tumour heterogeneity
and avoid evaluation of treatment induced cellular changes. Descriptive statistics were provided, including mean,
standard deviation (SD), median and range for continuous variables and frequency with percentage. Continuous variables
were analysed be performing Mann—Whitney or Student t tests. Fisher’s exact test was used for categorial variables, and
relative risks with 95% confidence intervals (CI) were calculated. All the results were considered significant at p values
<0.05. Statistical analysis was performed using GraphPad Prism 10.2.3. (GraphPad Software Inc, San Diego, CA, USA).

Results

The mean age at diagnosis was 57.26 years old (SD = 14.62, range: 27-91), 53.247% were women and 46.753% were
men. During follow-up, 16 patients developed metastases and 20 died. The age of the patients with PFS was slightly
younger (mean = 56.36, SD = 14.09, range: 27-91) than that of the patients with progressive disease (mean = 60.69, SD
= 16.52, range: 33-85). However, this difference was not statistically significant (¢-test; p = 0.295). On the contrary, the
age at diagnosis of patients who survived during follow-up was significantly younger (mean = 54.12, SD = 13.49, range:
27-80) than of those who died during follow-up (mean = 66.20, SD = 14.29, range: 45-91) (¢-test; p = 0.0011).

Among the patients who developed metastases during follow-up, 43.75% were women (n = 7) and 56.25% were men
(n = 9) but this difference was not statistically significant (Fisher’s exact test, RR = 1.464; 95% CI = 0.6233-3.466; p =
0.4148). Among the patients who died during follow-up, 60% were women (n = 12) and 40% were men (n = 8) but no
significant association was noted (Fisher’s exact test, RR = 0.7593; 95% CI = 0.3508-1.604; p = 0.6045).

Regarding the location of the tumours, the most commonly affected sites were the members (n = 46), followed by
visceral soft tissue (n = 27) and trunk (n = 4) — Figure 1.

Out of the 27 cases of deep soft tissue liposarcomas, 40.74% of the patients developed metastases (n = 11), while
59.26% had no progressive disease (n = 16). Considering the 50 patients with liposarcomas in various locations, other
than deep soft tissue (limbs, trunk), it was noted that only 10% of them developed metastases (n = 5) while 90% had no
disease progression (n = 45) (Figure 2).
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Figure | Distribution of primary tumour location.
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Figure 2 Distribution of tumour location based on disease progression.

By using Fisher’s exact test, we found out that the visceral soft tissue location of the tumours was statistically
significant for disease progression (RR = 4.074, 95% CI = 1.643-10.29; p = 0.0027).

Among the patients with liposarcomas of the deep soft tissue, 40.74% died during the follow-up period (n = 11) and
59.26% survived (n = 16). Within the group of patients with other tumour locations, 18% died (n = 9) and 82% (n = 41)
survived during follow-up (Figure 3).

In this instance, visceral soft tissue location was not statistically significant for survival (Fisher’s exact test, RR =
2.263; 95% CI = 1.081-4.709; p = 0.0546).

Histopathological Characteristics of the Study Population
Tumour Dimension
The first feature that we analyzed was the tumours’ greatest dimension. The median dimension of the tumour in patients
with PFS was 62 mm (range: 10-350), and the median tumour dimension in patients with metastases was 120 mm
(range: 21-300) — Figure 4. Even though the median tumour dimension was greater in patients with progressive disease
than in patients with PFS, this difference was not statistically significant (Mann—Whitney test, p = 0.1653).

The median tumour dimension in patients who survived during the follow-up period was 70 mm (range: 10-350),
while the median tumour dimension in patients who died was 97.5 mm (range: 21-300) — Figure 5. Even though the
median tumour dimension was greater in patients who died than in patients who survived during follow-up, this

difference was not statistically relevant (Mann—Whitney test, p = 0.2553).
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Figure 3 Distribution of tumour location based on overall survival.
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Figure 4 Median, minimum and maximum tumour dimension in patients in relation to PFS.

Liposarcoma Subtype
Upon investigation of our group of patients, the most common histological subtype that we identified was myxoid

liposarcoma (MLS) — 35 cases, followed by well-differentiated liposarcoma (WDLS) — 18 cases, while the least
encountered were dedifferentiated liposarcoma (DDLS) and pleomorphic liposarcoma (PLS), each of them with 12
identified cases. All the liposarcoma subtypes identified within our studied group are presented in Figure 6.

The distribution of the histopathological subtype in relation to PFS and OS is presented in Table 2.

As DDLS and PLS were the most frequent diagnoses in both patients with progressive disease and deceased patients,
we conducted Fisher’s exact tests comparing DDLS and PLS vs MLS and WDLS subtypes altogether. As a consequence,
DDLS and PLS were significantly associated with both disease progression (RR = 6.625; 95% CI = 2.514-17.93; p <
0.0001) and overall survival (RR = 3.313; 95% CI = 1.578-6.964; p = 0,0021).

Histopathological aspects of low grade and high grade liposarcoma variants included in our study are presented

comparatively in Figures 7-10.
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Figure 5 Median, minimum and maximum tumour dimension in relation to survival.
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Figure 6 Distribution of liposarcoma subtype in the study group.

Mitotic Index
The mean mitotic index within the group of patients with metastases was 8.375/10 hPF (median = 5, range: 2-23), while
the group of patients without metastases showed a mean mitotic index of 3.934/10 hPF (median = 2, range: 1-25).

In this respect, a higher mitotic index is strongly associated with decreased PFS (Mann—Whitney test, p < 0.0001) —
Figure 11.

Table 2 Histological Subtype in Relation to Disease Progression and Survival

Myxoid Well Dedifferentiated | Pleomorphic
Liposarcoma Differentiated Liposarcoma Liposarcoma
Liposarcoma
No metastases | 91,429% (n=32) 94,444% (n=1) 33,333% (n=4) 66,667% (n=8)
Metastases 8,571% (n=3) 5,556%(n=17) 66,667% (n=8) 33,333% (n=4)
Alive 82,857% (n=29) 88,888%(n=16) 50% (n=6) 50% (n=6)
Dead 17, 142% (n=6) 1L, 1T19%(n=2) 50% (n=6) 50% (n=6)
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Figure 7 Well differentiated liposarcoma of the lower extremity, M, 36: Malignant mesenchymal proliferation showing mild atypia of the adipocytes and within the fibrous
septa, with inconspicuous mitotic activity and no necrotic areas, H.E., 100x.

Figure 8 Dedifferentiated liposarcoma of the thigh with hepatic metastasis M, 78 A. Primary tumour of the lower extremity shows abrupt transition towards a non-lipogenic
component displaying pleomorphic spindle cells, H.E., 100x.

The mean mitotic count in tumours of the patients who survived during follow-up was 3.562/10 hPF (median = 2,
range: 1-23) and in those of patients who died was 8.65/10 hPF (median = 5, range 1-25).

Similar to OFS, a higher mitotic index is also significantly associated with decreased OS (Mann—Whitney test, p =
0.0011) — Figure 12.

Mitotic activity in highly aggressive liposarcomas in our study group is emphasized in Figures 13—15.

Tumour Necrosis
To go on, we evaluated the presence of tumour necrosis within liposarcomas in our study group. Even though most of the
tumours included in this study displayed areas of necrosis, this feature was more frequently encountered in patients who
developed metastases (Table 3).

Results of Fisher's exact test showed that the presence of tumour necrosis is statistically significant for disease
progression (RR = 8.571; 95% CI = 1.629-49.89; p = 0.007).

Additionally, tumour necrosis was also identified in most of the patients who died during follow-up (Table 4).
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Figure 9 Dedifferentiated liposarcoma of the thigh with hepatic metastasis M, 78 B. Dedifferentiated liposarcoma secondary tumour determination infiltrating the hepatic
parenchyma, H.E., 100x.

Figure 10 Myxoid liposarcoma of the thigh, M, 45: Malignant mesenchymal tumour proliferation displaying lipogenic areas containing atypical lipoblasts encompassed by
loose, basophilic stroma with myxoid aspect and delicate arborizing vasculature, H.E. 100x.

Results of Fisher’s exact test revealed that the presence of tumour necrosis is also statistically significant for
decreased overall survival (RR = 3.7; 95% CI = 1.467-9.919; p = 0.0043).

Novel Algorithm for Predicting Disease Progression

The final part of our study focused on analyzing how statistically significant histopathological characteristics can predict
the patients’ risk for disease progression and death. In this context, we designed a new algorithm entitled LEMON score
(Liposarcoma Evaluation Mitosis Origin Necrosis) that evaluates the histologic subtype, mitotic index, and the presence
of tumour necrosis and provides a two-tiered system, encompassing lesions of low-risk and high-risk (Table 5).

Based on this algorithm, tumours acquiring 3—5 points are classified as low risk, while tumours acquiring 6—8 points
are classified as high risk.

According to this system, 43 patients included in the study group were diagnosed with low-risk tumours, and 34
patients were diagnosed with high-risk tumours. Among the patients with high-risk lesions, 41.18% (n = 14) developed
metastases, while 58.82% (n = 20) had progression-free survival during follow-up. Regarding the group of patients with
low-risk tumours, 4.65% (n = 2) developed metastases, while 95.35% (n = 41) had no disease progression (Figure 16).
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Figure |1 Median, minimum and maximum mitotic count in relation to PFS.
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Figure 12 Median, minimum and maximum mitotic count in relation to survival.

Examination of Fisher’s exact test results revealed that, based on the LEMON score, high-risk tumours are strongly
associated with disease progression (RR = 8.853; 95% CI = 2.479-33.52; p = 0,0001).

Afterwards, the LEMON score was also used to assess OS. Among the patients with high-risk tumours, 41.18% (n =
14) died during the follow-up period, while 58.82% (n = 20) of them survived within the follow-up. On the contrary,
patients diagnosed with tumours classified as low-risk died in a proportion of 13.95% (n = 6), while 86.05% (n = 37) of
them survived during the follow-up (Figure 17).

Results of Fisher’s exact test showed that, based on the LEMON score, high-risk tumours are also strongly associated
with decreased overall survival (RR = 2.951; 95% CI = 1.321-6.82; p = 0.0091).

Limitations of the study consist of the following issues: the small number of cases, the lack of follow-up in some
patient’s cases, and the reduced data upon the clinical history of the disease in the matter of each patient.
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Figure 13 Pleomorphic liposarcoma of the retroperitoneum, M, 60: The tumour comprises markedly pleomorphic cells and exhibits numerous atypical mitotic figures, H.E.,
200x.
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Figure 14 Dedifferentiated liposarcoma of the retroperitoneum cavity, F, 57: High mitotic index highlighted on CDK#4 stain confirming the diagnosis of dedifferentiated
liposarcoma in a difficult case of abdominal tumour mimicking pheochromocytoma due to left kidney and adrenal gland infiltration and severe hypertension, CDK4, 200x.

Discussion

Dedifferentiated and pleomorphic liposarcoma are associated with the most unfavorable prognosis, as patients develop
metastases and have the worst survival rate.®®**2> Well-differentiated and myxoid liposarcoma are usually associated
with a lower metastatic potential and usually display locally aggressive behavior.>’**” Although some histological
variants of liposarcoma have an adverse prognosis, there are some differences noted in the clinical course of patients with
the same diagnosis.>**® Dissimilar behaviour of high-grade liposarcomas is incompletely understood, and therefore
additional prognostic factors have been investigated.'° In this respect, the age of the patients in this group was
associated with decreased OS, but not with PFS. Nevertheless, it is unclear whether the poorer OS in older patients is
strictly due to age itself or it could be explained by other comorbidities of such patients. It was acknowledged by some
researchers in the scientific literature that age of the patients was not statistically significant for prognosis of patients with
liposarcoma.*® However, some studies show that young age, histologic grade and location of the tumours are correlated
with disease progression and therapy response of liposarcoma, therefore further surveys should be carried out.*'~>
A potential association between tumour location and disease progression and survival has also been investigated, as
lesions of the deep soft tissue and unusual, peculiar locations are associated with a poorer prognosis, compared to
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Figure 15 Dedifferentiated liposarcoma of the thigh, M, 32.: The non-lipogenic tumour component shows atypical mitotic activity, H.E., 200x.

tumours of the extremities.”>>* In our study group, patients with liposarcoma of the deep soft tissue were significantly
more prone to developing distant metastases. Although the impact of tumour location on disease progression and survival
has modestly been studied, some authors noted a greater risk of metastases and death in retroperitoneal and intrathoracic
tumours.*~° For example, by conducting multivariate Cox analysis, Zhang et al demonstrated that histological subtype

1.37 Researchers

and tumour location are independent prognostic factors for disease progression and overall surviva
identified a higher frequency of relapse and metastases in patients with liposarcoma of the retroperitoneum.’’
Furthermore, according to some surveys, the location of the tumors is also significant for overall survival of patients
with liposarcoma.?**® Nevertheless, in our study group, the results of Fisher’s exact test showed that this factor is not
statistically significant for overall survival.

Some studies report an unfavourable clinical outcome in patients with large/giant liposarcoma; therefore, the
correlations between the size of tumours and prognosis have been investigated.>**° Baudo et al performed univariate
and multivariate statistical analysis on a group of patients with abdominal sarcomas and noted a poor prognosis of
tumours larger than 17.1 cm.*® Moreover, studies regarding the effect of neoadjuvant therapy for liposarcoma suggest

that the size of the lesions is important, as tumour downstaging implies improvement of survival.*' However, in our study

Table 3 Tumour Necrosis in Relation to PFS

No Progression | Progressive disease Total
Necrosis 55.74% (n=34) 93.75% (n=15) 63.63% (n=49)
No necrosis 44.26% (n=27) 6.25% (n=1) 36.37% (n=28)
Total 6l 16 77

Table 4 Tumour Necrosis in Relation to OS

Alive Dead Total

Necrosis 42.11% (n=24) | 80% (n=16) | 51.95% (n=40)

No necrosis | 57.89% (n=33) | 20% (n=4) | 48.05% (n=37)

Total 57 20
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Table 5 Risk Assessment in Liposarcoma by LEMON Score

Histological subtype Ip: well differentiated liposarcoma

2p: myxoid liposarcoma

3p: dedifferentiated or pleomorphic or myxoid pleomorphic liposarcoma

Mitotic index* Ip: < 2 mitotic figures / 10 hPF

2p: 3—4 mitotic figures /10 hPF

3p: = 5 mitotic figures /10 hPF

Tumour necrosis Ip: no necrosis

2p: necrosis

Notes: *The cut-off values of 2 mitotic figures/10 hPF and 5 mitotic figures/10 hPF were chosen as these were the
median values in patients without metastases and in patients with metastases, respectively.

group, tumour size was not statistically relevant for disease progression, even though the median tumour dimension was
greater in patients with progressive disease and in those who died during follow-up, compared to patients with PFS and
the ones who survived.

Liposarcoma subtype is an important histopathological feature and should always be reported, considering the
heterogeneity of malignant adipocytic proliferations."®** From the results of Fisher’s exact test, we found out that
histological subtype was a significant predictive factor for disease progression and survival. Dedifferentiated liposarcoma
is associated with an important metastatic potential, as this was the most frequent diagnosis of patients with progressive
disease. Within the scientific literature, most authors underline the aggressive clinical course of dedifferentiated
liposarcoma.>®%'® Peculiarities of its clinical evolution are related to histopathological and molecular features of
dedifferentiated liposarcoma. In most of the cases, tumours encompass a non-lipogenic component with high-grade
features and increased mitotic activity, frequently displaying atypical morphologies, such as rhabdoid or epithelioid
cells.®** Genetic alterations and molecular features of this malignancy are related to its immunohistochemical
characteristics, which are mandatory for an adequate diagnosis.”>***® Additionally, researchers suggest that further
molecular and genomic analysis of dedifferentiated liposarcoma should be performed, to identify the prognostic
significance of more genomic alterations.”> As an example, Jagosky et al conducted a study on the role of RECQL4,
MN1 and NOTCH 1 in disease progression and survival, in addition to MDM2 and CDK4 amplification.??
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Figure 16 LEMON score in relation to disease progression.
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Figure 17 LEMON score in relation to survival.

Pleomorphic liposarcoma is also associated with adverse prognosis, and this histological subtype was one of the most
frequently encountered in patients who died during follow-up along with dedifferentiated liposarcoma. Pleomorphic
liposarcoma is a rare tumour with high mortality, sometimes displaying misleading histologic features, which should be
taken into consideration as a differential diagnosis, especially for tumours of the abdominal cavity and mediastinum.*”**
Molecular study of this tumour is of limited use, as there is no specific genetic alteration with subsequent molecular and
immunohistochemical peculiarities.''*’

A high mitotic index was associated with disease progression and poor survival during follow-up, according to
Fisher’s exact test. The mean mitotic count was higher in tumours of patients with progressive disease and patients who
died during follow-up, compared to those identified in patients with progression-free survival. According to Federation
Nationales des Centres de Lutte Contre le Cancer grading system, the mitotic rate is an important parameter for all
liposarcoma subtypes, considered useful for diagnosis and assessment of prognosis and therapeutic management.'**+>°
Mitotic cell-cycle progression is altered within malignant proliferations, as neoplastic cells bypass the normal controlling
mechanisms of cell division.’' In dedifferentiated liposarcoma, malignant tumour cells control the Rb-dependent growth
suppression and inactivate Rb through cyclin-dependent kinase 4 (CDK4) and CDK6 partnered with D-type cyclins.’'*3
Immunohistochemical analysis of Ki 67 expression in liposarcoma is useful for evaluating the mitotic index and
establishing the tumour grade.>® Lin et al suggest that assessment of mitotic index and identification of tumour necrosis
can subclassify liposarcomas in two categories — low-grade and high-grade.>

Tumour necrosis is an important histologic factor associated with poor prognosis of liposarcoma.'®>**> In our study
group, tumour necrosis was statistically significant for disease progression and survival. By investigating the scientific
literature, we found that necrosis is present in most high-grade liposarcomas and was significant for survival.”*>* Dantey
et al underline the necessity of distinguishing high-grade liposarcoma from its low-grade counterpart and recommend the
evaluation of necrosis for a correct grading.>* Authors acknowledge that Kaplan—Meier analysis revealed that most of the
patients with high-grade tumours displaying necrotic foci died during follow-up.>*

Considering the findings of our study and the information provided in the scientific literature and by the Fédération
Nationales des Centres de Lutte Contre le Cancer guidelines, we elaborated the LEMON score, a newly developed
system for assessment of risk in liposarcoma. To the best of our knowledge, this is the first system that considers and
correlates histological subtypes with mitotic activity and tumour necrosis for the classification of malignant adipocytic
tumours into low-grade and high-grade lesions. In our patients’ case, tumours classified as high-risk were strongly
associated with metastases and poor survival during follow-up. Results of the Fisher’s exact test showed that the LEMON
score is statistically significant for disease progression and overall survival. These results are particularly promising as

the LEMON score can be rapidly evaluated during a standard histopathological examination of the tumours, without
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additional costs for the patient or the healthcare system. Furthermore, the algorithm we proposed is straightforward and
does not require extensive experience in sarcoma pathology. Nevertheless, in spite of these obvious advantages, the
LEMON score should be further investigated in order to be validated as an independent prognostic factor in larger series
of patients.

The adequate treatment for patients with liposarcoma is established after a complete analysis of the histological
subtype, local extension of the malignant tumour, and the presence of metastatic lesions. In our study group, most of the
patients were treated using surgical excision of the tumour, followed by chemotherapy. In some cases, patients with
locally advanced and multiply relapsed tumours of the extremities underwent amputation. At the moment, oncological
treatment options for patients with liposarcoma are limited.* The key to establishment of a suitable treatment consists of
precisely rendering the diagnosis and assessing the risk, as liposarcoma is often associated with pitfalls.’®>’
Immunohistochemical analysis can be a very useful ancillary method, as long as results of the staining are interpreted
in correlation with the histological features of each tumour.”®>’ In addition to diagnosis confirmation, revealing the
immunophenotype of multiple liposarcoma subtypes indicates the corresponding molecular and genetic background of
each entity and can also predict the disease prognosis.’” Although histopathological examination and immunostaining are
valuable instruments for the management of liposarcoma, molecular analysis and genetic testing are sometimes
required.’®>” For example, additional examination is need in cases of tumours with misleading histomorphology or
peculiar location.”® Such malignant lesions can mimic other mesenchimal proliferations with dissimilar differentiation
and even benign tumours.’®**>° Atypical lipomatous tumour can resemble spindle cell lipomas and confirmation of
MDM?2 and CDK4 amplification is required for diagnosis.°” Analysis of Rb 1 status in patients with atypical lipomatous
tumour/well differentiated liposarcoma can also be performed for distinguishing this entity from its high-grade counter-
part, dedifferentiated liposarcoma. Molecular studies demonstrate loss of Rb1 loss in dedifferentiated liposarcoma and
highlight the importance of this mutation in tumorigenesis and disease progression.®® Dedifferentiated liposarcoma is
associated with an important metastatic potential which is strongly related to the several aspects, such as tumour location,
necrosis and proliferative rate.’’ Although some researchers suggest that tumour location is an independent prognostic
factor, due to impossibility of achieving surgical margins in lesions of the retroperitoneum, disease progression and
overall survival can be variable.”> Although immunohistochemical and molecular analysis of dedifferentiated liposar-
coma is characterized by MDM2 and CDK4 amplification, some papers also note mutant TP53 phenotype and
p16 hyperexpression can be identified.°>®* Patients with dedifferentiated liposarcoma usually receive systemic therapy,
combining agents such as doxorubicin and ifosfamide or gemcitabine and docetaxel.®**> The tumour shows a low
response rate to trabectedin, eribulin and pazopanib, therefore multiple clinical trials are carried out, in order to
investigate response to CDK4, MDM2 and immune check-point inhibitors.®>® In this matter, Vanni S. et al conducted
a study including patients with well differentiated and dedifferentiated liposarcoma in order to investigate effects of CDK
4 inhibitor palbociclib in association with conventional chemotherapy and levatinib.®® Results showed a notable reduc-
tion in tumour growth with administration of palbociclib sequential therapy followed by doxorubicin and levatinib.® The
study highlights the prognostic significance of CDK 4 as a therapeutic target for sarcomas, especially dedifferentiated
liposarcoma.®® Myxoid liposarcoma is regarded as a radiosensitive malignancy, with subsequent improvement of surgical
procedures.®® With the aim to provide tailored treatment and improve the prognosis, multiple studies upon pathogenesis
and possible therapeutic targets in myxoid liposarcoma have been carried out.®” This malignancy is associated with FUS-
DDIT3 rearrangement and immunohistochemical expression of the corresponding marker.”® To interrogate the response
of neoplastic cells in myxoid liposarcoma to JAK1/2 inhibitors, some papers focused on understanding the link between
FUS-DDIT3 fusion and JAK-stat signaling.”® Additionally, CD44 was recently validated as a potential stem cell marker
for liposarcoma.”® Personalized therapeutic options for patients with pleomorphic liposarcoma are also limited at the
moment, considering the rarity of this tumour and the lack of specific criteria for diagnosis and risk evaluation.”' Data
upon pathogenesis, immunohistochemical and molecular features of pleomorphic liposarcoma continues to be scarce, due
to the limited number of cases and variability regarding the location, histomorphology and clinical outcome of the
malignancy.'>’? Treatment usually comprises wide surgical resection and chemotherapy, as the benefit of preoperative
radiotherapy is still under debate.”>”* Although some studies revealed TP53 mutation and expression of FABP4/a2
marker of adipocytic differentiation in pleomorphic liposarcoma, there is no specific genetic abnormality related to this
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tumour.”* In addition, genetic mutations such as NTRK, ROS 1 or ALK gene rearrangements in liposarcomas are
currently investigated, and trials using larotrectinib are carried out.”

Conclusions

Dedifferentiated and pleomorphic liposarcoma exhibit aggressive behavior and poor outcome. However, there are
differences in the clinical evolution of tumours in patients with the same diagnosis. Risk evaluation of each case is
mandatory in order to provide an adequate therapeutic approach and assess the overall prognosis of the disease. Our
study addressed the most important clinical and histopathological features of liposarcomas, in correlation with disease
progression and survival. We demonstrated that the only adverse prognosis factors are the histological subtype, higher
mitotic index, and the presence of tumour necrosis for both PFS and overall survival. Furthermore, this is the first study
to provide a new algorithm for risk assessment in liposarcoma. Classification of liposarcomas into low-grade and high-
grade lesions is particularly important for a diligent prognostic evaluation and for achieving tailored therapeutic
strategies.

Limitations of the study consist of the following: the small number of cases and difficulty achieving follow-up of the
patients. Liposarcomas are rare tumours, therefore very few patients get diagnosed with this malignancy in our hospitals.
In this respect, we collected cases diagnosed over a long period of time and acquired an adequate number of patients for
determining statistically significant parameters. However, larger study groups are desirable for further investigations
upon prognostic factors for liposarcoma. Follow-up of the patients is difficult because the healthcare system in our
country does not provide an integrative digital system with all the clinical data assessing progressive disease and death of
the patients. To avoid any errors, we investigated medical records of the patients and cumulated data available in other
departments such as radiology, surgery, orthopedics and oncology for evaluation of disease prognosis. We also
interrogated the national health insurance system for documenting the survival of patients during follow-up. Advanced
digital systems rigorously providing medical history data for each patient should be implemented for accurate statistical
analysis.
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