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Simple Summary: This clinical investigation reports the results of a prospective, multicenter phase II
trial designed to evaluate the activity and safety of combining non-pegylated liposomal doxorubicin
(NPLD) with ifosfamide as a first-line treatment for advanced/metastatic STS. The study results
demonstrate a remarkable overall response rate (ORR) alongside a satisfactory disease control rate
(DCR) while maintaining acceptable levels of toxicity. The addition of NPLD to ifosfamide, showing
high activity and a low toxicity profile, makes this drug combination a useful option for patients
with advanced /metastatic STS. These findings provide a promising basis for further comprehensive
research into the clinical application of this drug combination in this disease setting.

Abstract: Doxorubicin is a widely used anticancer agent as a first-line treatment for various tumor
types, including sarcomas. Its use is hampered by adverse events, among which is the risk of dose
dependence. The potential cardiotoxicity, which increases with higher doses, poses a significant chal-
lenge to its safe and effective application. To try to overcome these undesired effects, encapsulation
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of doxorubicin in liposomes has been proposed. Caelyx and Myocet are different formulations of
pegylated (PLD) and non-pegylated liposomal doxorubicin (NPLD), respectively. Both PLD and
NPLD have shown similar activity compared with free drugs but with reduced cardiotoxicity. While
the hand—foot syndrome exhibits a high occurrence among patients treated with PLD, its frequency
is notably reduced in those receiving NPLD. In this prospective, multicenter, one-stage, single-arm
phase II trial, we assessed the combination of NPLD and ifosfamide as first-line treatment for ad-
vanced /metastatic soft tissue sarcoma (STS). Patients received six cycles of NPLD (50 mg/m?) on
day 1 along with ifosfamide (3000 mg/ m? on days 1, 2, and 3 with equidose MESNA) administered
every 3 weeks. The overall response rate, yielding 40% (95% CI: 0.29-0.51), resulted in statistical
significance; the disease control rate stood at 81% (95% CI: 0.73—0.90), while only 16% (95% CI:
0.08-0.24) of patients experienced a progressive disease. These findings indicate that the combination
of NPLD and ifosfamide yields a statistically significant response rate in advanced /metastatic STS
with limited toxicity.

Keywords: soft tissue sarcoma; non-pegylated doxorubicin; doxorubicin; ifosfamide

1. Introduction

The anthracycline doxorubicin is one of the most widely used chemotherapeutic
agents for the treatment of many cancers and is used as a first-line treatment alone or
in combination in different tumor types, including soft tissue sarcomas (STS) [1-4]. The
potential of doxorubicin is strongly limited by its adverse events, particularly, but not
only, cardiotoxicity that limits the overall cumulative dose of the drug [5,6]. In addition,
the pharmacokinetics/pharmacodynamic profile of the drug, with a very short half-life,
represents another unfavorable factor. In the past, several analogs of doxorubicin have
been designed and synthesized with the aim of maintaining the same activity with a lower
toxicity profile. Epirubicin, also known as 4’-epidoxorubicin, was one of the earliest analogs
of doxorubicin to be investigated, showing an equivalent activity and a more favorable tox-
icity profile when compared with doxorubicin in advanced STS [7]. Further investigations
have demonstrated a dose-response relationship, indicating an increased response rate
when epirubicin is administered at intensified doses in combination with ifosfamide and
granulocyte-colony-stimulating factor (G-CSF) support [8,9]. Currently, the combination of
epirubicin and ifosfamide still remains in Europe as one of the preferred treatment regimens
for neoadjuvant or adjuvant chemotherapy in patients with high-risk STS [10]. Neverthe-
less, the true advantage of epirubicin over doxorubicin is still a subject of debate, and
recent experiences have reported similar levels of cardiac toxicity between the two drugs.
In order to improve the pharmacokinetics profile, innovative formulations of doxorubicin,
which involve its liposomal encapsulation, have been introduced in clinical settings. They
consist of two major distinct formulations based on pegylated liposomal (PLD: Caelyx™ or
Doxil™) and non-pegylated liposomal doxorubicin (NPLD: Myocet™) [11-14].

PLD has been approved as a monotherapy in the US and Europe for the treatment of
breast cancer of patients at increased cardiac risk, in advanced ovarian cancer, and AIDS-
related Kaposi’s sarcoma, with the evidence of reduced cardiac toxicity compared with free
doxorubicin, a prolonged serum half-life, with a similar efficacy reported in several clinical
trials [11,15-17].

Interestingly, a recent Phase II study designed to evaluate the activity and safety of the
combination of PLD with ifosfamide as a first-line treatment for patients with metastatic or
locally advanced STS demonstrated an overall response rate (ORR) of 26.1% and a disease
control rate (DCR) of 81.2% [18]. The undesired effect reported with the use of Caelyx is
the Palmar—Plantar hand Erythrodysesthesia, also known as hand-foot syndrome (HES),
which can impair the quality of life of patients receiving the formulation and represents
its dose-limiting toxicity. NPLD, while demonstrating similar efficacy to free doxorubicin
and PLD, offers the significant advantage of lower toxicity in general, including a reduced
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incidence of HFS compared to both doxorubicin and PLD [19-21], which are approved
treatments of metastatic breast cancer [11,22].

STS are a rare and heterogeneous group of mesenchymal tumors that account for
approximately 1% of all adult tumors [3]. While surgery represents the main standard
when the tumor is localized, for inoperable or advanced /metastatic disease, the standard
chemotherapy in the first-line consists of doxorubicin alone or in combination with ifos-
famide [23]. Although doxorubicin remains to date one of the most effective drugs for these
tumors, objective responses are seen in less than 20% of patients, and 5-year survival for
advanced STS remains low, being only 5% [24].

Here, we present the results of a multicenter, phase 1II trial combining NPLD and
ifosfamide in advanced /metastatic STS.

2. Materials and Methods
2.1. Patients’ Characteristics

The study is a prospective phase II, one-stage, single-arm, multicenter open-label trial.
The patients to be enrolled had to have a histological diagnosis of advanced /metastatic STS,
including the histotypes liposarcoma, synovial sarcoma, fibrosarcoma, leiomyosarcoma, ma-
lignant fibrous histiocytoma, angiosarcoma (excluding fibrous solitary tumor and heman-
gioendothelioma), neurogenic sarcoma, sarcoma NOS, and others (clear cell sarcoma, ep-
ithelioid sarcoma, chondrosarcoma, glomangiosarcoma, PNET). Furthermore, additional in-
clusion criteria were: STS advanced for metastatic lesions or locally advanced not amenable
to surgery; STS with progressive disease after 6 months from the end of adjuvant or neoad-
juvant previous chemotherapy; age 18 years; Performance Status (according to Eastern
Cooperative Oncology Group—ECOG) < 2; life expectancy > 3 months; measurable dis-
ease at least in one dimension; adequate bone marrow function (neutrophils > 1.5 x 10°/L,
platelets > 100 x 10? /L); adequate renal function with Clearance of creatinine calculated by
Cockcroft equation > 60 mL/min or blood creatinine < 1.6 mg/dl; adequate liver function
with total bilirubin < 1.5 mg/dl, Alkaline Phosphatase (ALP), Alanine Aminotransferase
(ALT), and Aspartate Aminotransferase (AST) < 2.5 times the upper normal limit (if liver
metastases were present, the latter cut-off could be considered up to 5 times); normal Left
Ventricular Ejection Function (LVEF), at least > 50% evaluated with echocardiography;
previous radiotherapy performed more than 4 weeks (8 weeks if extensive fields); written
Informed Consent. The criteria for exclusion were: previous chemotherapy with cumu-
lative doses of doxorubicin more than 300 mg/ m? or epirubicin more than 600 mg/ m2;
therapy within the previous 4 weeks with the drugs that are objects of this study; pregnancy
or breastfeeding; fertile patients not taking adequate contraceptive therapy; concomitant
uncontrolled infections; previous or active neoplasms (with the exception of carcinoma
in situ of the uterine cervix and squamocellular carcinoma of the skin); clinical signs of
brain and/or meningeal metastases (with the exception of pre-treated lesions now clinically
stable); inadequate compliance.

The study was conducted under ethical principles, according to the Declaration of
Helsinki and Good Clinical Practice (GCP) guidelines, after the submission and the conse-
quent approval from the local Independent Ethics Committee (CEI).

Before the start of the study, written information and Informed Consent were provided
to the subjects and/or their legal representatives.

2.2. Treatment and Study Design

”

The experimental treatment included 6 cycles of chemotherapy with NPLD (“Myocet
50 mg/m? on day 1 administered by a slow intravenous infusion of at least 60 min) plus
ifosfamide (3000 mg/sqm on day 1, 2, and 3 with equidose MESNA) every 3 weeks with
the first instrumental evaluation scheduled after the second cycle. Only patients with stable
disease or partial/complete response after the first instrumental evaluation continued the
treatment until the subsequent evaluations scheduled after the fourth and sixth cycles of
chemotherapy or until disease progression or unacceptable toxicity. Instead, patients who
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experienced clinical deterioration within 3 weeks from starting treatment were deemed not
evaluable and excluded from the study.

Concurrent radiation therapy was allowed to control bone pain or other symptoms.
Antiemetic prophylaxis was recommended, according to practical guidelines.

Granulocyte Colony-Stimulating Factor (G-CSF) was administered, following each
cycle, daily starting 7 days after day 1 of chemotherapy for 6 consecutive doses. Clinical tol-
erability to treatment was assessed by recording patient-reported or investigator-observed
adverse events according to the Common Terminology Criteria for Adverse Events (CT-
CAE) version 3.0.

The primary endpoint was ORR, defined as the proportion of patients with confirmed
partial or complete responses (PR and CR, respectively) at radiological assessment, using
RECIST criteria version 1.0. Lesions were considered evaluable if at least one dimension
was greater than 20 mm; a maximum of 8 lesions could be considered. In the case of a single
lesion, histological confirmation was required. Response was assessed after the second, the
fourth, and the sixth cycle.

Secondary endpoints were Overall Survival (OS), Progression-Free Survival (PES),
Duration of Response (DoR), and toxicity.

After completing the 6 cycles of treatment, patients were initiated into a follow-up
program with clinical and instrumental assessments at 4 months for the first two years, at
6 months for the subsequent three years, and annually starting from the fifth year.

2.3. Statistical Analysis

ORR was calculated as the proportion of patients with confirmed partial or complete
responses on the total patients, with corresponding 95% confidence intervals (CI) according
to the Clopper-Pearson method.

For each patient, the time at risk was calculated from the date of first administration
of NPLD plus ifosfamide to the date of death, recurrence, or last available follow-up,
whichever occurred first. Survival probabilities for OS and PFS, with corresponding 95% CI,
were estimated according to the Kaplan-Meier method [25]. Exploratory data analysis for
the evaluation of factors associated with PFS and OS was performed with a Log-rank test.
The hazard ratio (HR) of death, with corresponding 95% CI, was calculated by means of
univariate and multivariable analyses according to the Cox proportional hazards regression
model. The frequency and percentage of the maximum degree of each type of toxicity
found were reported and evaluated according to CTCAE 3.0. Significance was claimed for
p < 0.05 (two-sided). Statistical analyses were performed with R-4.3.1. software.

The Fleming one-stage design was the statistical methodology used to determine
the appropriate sample size. In this specific design, we aim to detect a 15% difference in
response rates [from 25% (po) to 40% (p1)] with a significance level [alpha, (x) of 0.05 and
a type II error rate beta (3)] of 0.10%. The enrollment was set up to 80 patients, which
represents the number needed to verify the hypothesis.

3. Results

Eighty patients with advanced /metastatic STS were enrolled in this multicenter study,
conducted in hospitals located in the northeastern region of Italy. The clinical characteristics
of the patients are reported in Table 1.

The median age at enrollment was 53 years (IQR range 44—63 years). The majority
of patients (75%) had a PS score of 0, and approximately one-third of the patients were
diagnosed with leiomyosarcoma. Other prevalent histologies included liposarcoma, syn-
ovial sarcoma, and sarcoma NOS. Regarding tumor grade, 65% of the patients had Grade 3
tumors, 25% had Grade 2, and 6% had Grade 1. For 3 out of 80 patients (4%), information
about tumor grade was unknown.



Cancers 2023, 15, 5036 50f 16

Table 1. Clinical characteristics of the patients enrolled in the study.

N %
Sex
Male 38 47
Female 42 53
Performance status
0 60 75
1 16 20
2 4 5
Histotype
Leiomyosarcoma 26 32
Liposarcoma 12 15
Synovial Sarcoma 11 14
Sarcoma NOS 11 14
Angiosarcoma 6 8
Undifferentiated Pleomorphic Sarcoma 4 5
MPNST 4 5
Clear Cell Sarcoma 2 3
Chondrosarcoma 1 1
Epithelioid Sarcoma 1 1
Glomangiosarcoma 1 1
PNET 1 1
Site of primary tumor
Extremity 33 41
Retroperitoneum 16 20
Viscera 16 20
Superficial trunk/abdomen 14 18
Unknown 1 1
Grading
G1 5 6
G2 20 25
G3 52 65
Unknown 3 4
Previous therapies
Yes 49 61
No 17 21
Unknown 14 18
Presence of distant metastasis
Yes 73 91
No 7 9

More than half of the patients (61%) had received prior treatments. Surgical inter-
vention was the most common previous treatment modality received by all the patients.
Additionally, 34 out of 49 patients (69%) had undergone radiotherapy, and 18 out of 49 pa-
tients (37%) had received chemotherapy. Among these, 15 patients received a combination
of RT and CT (Table 2).

Out of the total 80 patients, 73 of them (91%) presented with distant metastasis, while
the remaining 7 patients had locally advanced malignancy not amenable to surgery. When
considering the specific sites and characteristics of distant metastasis, the lung was the
most affected site, observed in 73% of the patients. Other sites involved (with or without
concomitant lung involvement) were the liver, lymph nodes, abdomen, bone, peritoneum,
soft tissue, pleura, pancreas, and heart (Tables 3 and 4).

Regarding response assessment, all patients enrolled in the study received at least one
cycle of treatment with NPLD and ifosfamide. The median number of cycles administered
was four, ranging from one to six cycles. As indicated in Table 5, complete response (CR)
and partial response (PR) were obtained in 3 patients (4%; 95% CI: 0.00-0.08) and 29 patients
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(36%; 95% CI: 0.26-0.47), respectively. Additionally, stable disease (SD) was observed in
41% (95% CI: 0.30-0.50) of the patients. The ORR was 40% (95% CI: 0.29-0.51), while the
DCR determined as the sum of CR, PR, and SD was achieved in 65 patients (81%; 95% CI:
0.73-0.90). DCR was maintained in 34 patients at 6 months. Progressive disease (PD) was
observed in only 16% (95% CI: 0.08-0.24) of the subjects. Two patients who experienced
treatment-related toxicity and received only one cycle of chemotherapy were not evaluable.
The median DoR was 4 months, with the longest recorded response reaching 152 months.

Table 2. Previous therapy, surgical margins, and local relapse (49 patients).

N %
Type of previous therapy
Surgery 49 100
RT 34 69
CT 18 37
Surgery alone 12 24
Surgery and RT 19 39
Pre-operative RT 13 68
Post-operative RT 6 32
Surgery and CT (adjuvant) 3 6
Surgery and CT/RT 15 31
Pre-operative CT/RT 9 60
Post-operative CT/RT 3 20
Pre-operative RT and perioperative CT 1 7
Pre-operative CT and perioperative RT 2 13
IORT
Yes 11 22
No 38 78
Surgical margins
RO 19 39
R1 14 29
R2 3 6
Unknown 13 26
Local relapse
Yes 17 35
No 32 65
RT, radiotherapy; CT, chemotherapy; IORT, intraoperative radiotherapy.
Table 3. Characteristics of distant metastasis involvement (73 patients).
N %
Time of onset
Synchronous 15 21
Metachronous 46 63
Unknown 12 16
Involvement of lung
Yes 53 73
No 19 26
Unknown 1 1
Site of metastasis
Only lung 30 41
Only extra-lung 19 26
Lung and extra-lung 23 32
Unknown 1 1
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Table 4. Extra-lung involvement (42 patients).

N %
Distant tissue involved

Liver 15 36
Lymph nodes 11 26
Intra-abdominal 11 26
Bone 8 19
Peritoneum 6 14
Soft tissues 5 12
Pleura 5 12
Pancreas 1 2
Heart 1 2

Multiple associations are possible.

Table 5. Best response to chemotherapy (80 patients).

N %
Best response
CR 3 4
PR 29 36
SD 33 41
PD 13 16
Not evaluable 2 3
ORR 32 40
DCR 65 81

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, overall response
rate; DCR, disease control rate.

For survival analysis, the median follow-up was 18.8 months. At the data cut-off point,
a total of nine patients were alive, six of whom had no evidence of disease following surgery
or local treatments performed after the NPLD and ifosfamide chemotherapy regimen.

Figure 1A reports the Kaplan—-Meier curves relative to PFS. The median PFS was
7.9 months (95% CI 5.3-10.4). The percentage of patients with PFS at 1 year was 30%,
and at 2 years, it was 13%. The median OS was 21.2 months (95% CI: 12.8-45.9). The
percentage of patients with OS at 1 year was 76%; at 2 years, it was 46%; at 3 years, it
was 32% and at 5 years, 11% (Figure 2A). For both PFS and OS, the long-rank test was
performed considering the different variables at baseline (i.e., sex, age, PS, histology, tumor
site, tumor size, grade, state of surgical margins, presence and type/site of metastasis,
previous therapy). Interestingly, statistically significant differences were observed in both
parameters for STS patients who underwent surgical procedures in combination with RT
or CT. Indeed, for PFS (Figure 1B), the median PFS was 7.8 months (95% CI: 4.9-10.4) for
patients receiving surgery and CT/RT, compared to 21.1 months (95% CI: 6.2-not evaluable
for censored cases) for patients receiving surgery only. Similar trends were observed
for OS (Figure 2B) with median values of 23.4 months (95% CI: 15.5-32.6) for patients
receiving surgery and CT/RT, and 47.5 months (95% CI 14.0-not evaluable for censored
cases) for patients undergoing surgery alone. Upon analyzing the treatments associated
with surgery separately, a statistically significant worse outcome was found for patients
who had undergone previous RT, while the use of previous CT did not show a statistically
significant difference. Although not reaching statistical significance, a better OS and PFS
were observed for patients with a better PS (0 compared to 1-2) as well as in patients with
a lower tumor grade (low-intermediate compared to high grade).
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Figure 1. (A): Kaplan—Meier curve relative to Progression-Free Survival in the entire population
(80 patients). (B): Kaplan—Meier curves relative to Progression-Free Survival for patients who un-
derwent previous surgery alone or in combination with other therapies. CT = chemotherapy, RT =
radiotherapy, + = censored.

Regarding toxicity, 44% (95% CI: 0.33-0.55) of patients required a dose reduction.
Among them, 29 continued the treatment after reducing the dose to the first level (75%),
while 6 patients had to further reduce the dose to the second level (50%).

Thirty-three patients (41%) experienced a delay in treatment administration with a
median delay of two weeks. For 61 patients, maintaining the intended dose intensity was
not possible, while it was achievable for 17 (21%) patients. Two patients who received
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only one cycle of therapy were not included in this analysis. Treatment interruption due to
toxicity was observed in four patients, with adverse events occurring in two of them after
the first cycle of therapy (Table 6).
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Figure 2. (A): Kaplan—-Meier curve relative to Overall Survival in the entire population (80 patients).
(B): Kaplan—-Meier curves relative to Overall Survival for patients who underwent previous surgery
alone or in combination with other therapies. CT = chemotherapy, RT = radiotherapy, + = censored.

Overall, grade 4 neutropenia was detected in 30 (38%) patients, while febrile neutrope-
nia, which mostly occurs after the first cycle of treatment and represents the main reason
for dose reduction, was observed in 18 (23%) patients. Among the patients who had their
dose reduced, grade 4 thrombocytopenia was present in 10, grade 3 thrombocytopenia in
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8 patients, while grade 3 anemia was found in 19. In patients who did not undergo a dose
reduction, grade 4 thrombocytopenia was observed in four cases, grade 3 thrombocytope-
nia in one case, and grade 3 anemia in five cases. Other toxicities observed were of grade 1
or 2 severity or, if grade 3, were infrequent (Tables S1 and S2).

A reduction in left ventricular ejection fraction (LVEF) of more than 10% was observed
in only two patients who had not been previously treated with anthracyclines. Routine
echocardiography detected a minor and completely asymptomatic LVEF reduction (ranging
from 1% to 7%) in 28 patients (35%). However, from the cardiac evaluation, no cases
exhibited heart failure cardiotoxicity (CHF).

After completing the investigated treatment regimen, with the exclusion of five pa-
tients, 72 patients received additional therapies. Unfortunately, data regarding the subse-
quent therapies are either unknown or unavailable for three patients.

The treatment modalities in the study consisted of surgery in 35 cases, RT in 33 cases,
and CT in 58 cases. In several cases, as reported in Figure 3A, there was a combination of
the different approaches. Among patients who received subsequent CT treatments, the
majority (45%) received one additional line of therapy (Figure 3B). As expected, the number
of patients receiving further lines decreased progressively, and only one patient received
a fifth line of CT. The regimens used in these subsequent chemotherapies are depicted
in Figure 3C. Trabectedin emerged as the most frequently used drug (45% of patients),
followed by ifosfamide (24%) and gemcitabine either alone or in combination (14% overall).
Other drugs were used in isolated cases.

Table 6. Dose reductions, dose delays, and relative dose intensity in patients.

N %
Dose reduction
No 45 56
Yes 35 44
1 level 29 83
2 levels 6 17
Delayed administration
No 45 56
Yes 33 41
Not evaluable 2 3
Maintenance of dose intensity
Yes 17 21
No 61 76
Not evaluable 2 3

Interruption due to toxicity 4 5
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of subsequent lines of chemotherapy received post-protocol. (C): Type of drug used in second-line
chemotherapy.

4. Discussion

The combination of doxorubicin and ifosfamide is a well-established standard treat-
ment approach for advanced/metastatic STS. However, its effectiveness can vary signifi-
cantly depending on several factors, including the specific subtype of STS, disease stage,
tumor location, and individual patient characteristics. A large randomized controlled
phase III EORTC study involving 455 patients with metastatic STS compared doxorubicin
monotherapy to a combination of doxorubicin and ifosfamide as first-line therapy. The
combination therapy yielded an ORR of 26%, with approximately 77% of patients deriving
a benefit from the chemotherapy combination [23]. In a broader context, clinical trials have
consistently reported an ORR for the combination therapy ranging from approximately 14%
to 34%. However, it is important to note that these outcomes have been accompanied by
notable toxicity [26]. Hence, it is crucial to focus on improving both the ORR and mitigating
the associated toxicity in order to enhance patient outcomes.

The present study aimed at evaluating the activity and safety of NPLD (50 mg/m?
on day 1) in combination with ifosfamide (3000 mg/m? on day 1, 2, and 3 with equidose
MESNA) administered every 3 weeks as a first-line treatment for advanced /metastatic
STS. The primary endpoint of the study was to assess the ORR, which was achieved with
a significant result of 40%, comprising a 36% PR rate and a 4% CR rate. Furthermore,
when including SD in the analysis, the study demonstrated a DCR of 81%. Interestingly,
the responses were rapid and predominantly detected at the first radiological evaluation,
which was planned after two cycles of CT as per protocol.

In another phase II trial involving 34 patients with metastatic or relapsed STS within
6 months of adjuvant treatment, the administration of chemotherapy consisting of 40 mg/m?
of NPLD on day 1 and 3000 mg/m? of ifosfamide on days 1-3 achieved an ORR of only
17.7%, with a clinical benefit observed in 55.9% of the patients [27]. Although a subset of
35 individuals in our trial underwent a dose reduction, it is worth considering that the
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higher dose of NPLD used in our study may have contributed to a more significant tumor
response. This suggests that the dosage of NPLD could be a crucial factor in optimizing
treatment outcomes for patients with advanced /metastatic STS. However, the treatment
outcomes observed in our series could be influenced by the patient population and/or
disease characteristics. Among the analyzed patients, only 7 had locally advanced disease,
and 12 underwent surgery alone without prior additional treatment. Additionally, 32%
of the patients had a histotype compatible with leiomyosarcoma, which is known to be
less responsive to the combination of doxorubicin and ifosfamide. Nevertheless, it is
noteworthy that within this histological subgroup, a notable 35% achieved a PR in contrast
to the findings of the retrospective study conducted by D’Ambrosio et al. [28], where the
combination of doxorubicin and ifosfamide yielded a PR rate of 19.5%.

When considering the secondary endpoints, the study revealed a PFS of 7.9 months
and an OS of 21.2 months in the entire study population. These values, along with the
overall outcome, are higher compared to those obtained in a previous phase 1II trial using
NPLD [27], which reported PFS and OS of 4.2 and 12.7 months, respectively.

Multivariate analysis was conducted to assess the impact of various factors on patient
outcomes. The results indicated that patients who underwent surgery in combination
with RT and/or CT had a higher risk of death compared to those who received surgery
alone. This finding likely reflects the fact that patients selected for surgery and CT or RT
are those considered to be at high risk with a worse prognosis. Notably, other variables
previously identified as prognostic factors [29-31] did not show statistical significance in
our study. While we cannot definitively explain this finding, it is possible that the limited
number of patients in our study may have influenced the results. The smaller sample
size can impact statistical power, making it challenging to detect significant associations
between certain variables and prognosis. Further research with a larger cohort is necessary
to comprehensively explore these potential prognostic factors. The treatment regimen
investigated in this study was generally well tolerated, although hematological toxicities
were the most frequently observed adverse events. Grade 3 and 4 neutropenia, in particular,
were recorded in 74% of patients. Interestingly, the incidence of febrile neutropenia was
remarkably low, detected in only 23% of cases. This is a significant result when compared to
the findings of a large phase III trial that assessed the safety of doxorubicin plus ifosfamide
versus doxorubicin monotherapy [23]. In that study, the combination arm reported a much
higher incidence of febrile neutropenia, as high as 46%, highlighting the favorable outcomes
observed in the present trial. Notably, the combination of NPLD and ifosfamide did not
result in cardiac toxicity, as only 3% of the subjects experienced a reduction in LVEF greater
or equal to 10%. Interestingly, these changes were detected in completely asymptomatic
patients during echocardiography performed according to the protocol. Instead, no cases of
CHF were detected at the cardiological evaluation. These findings align with the generally
observed lower cardiotoxicity of NPLD compared to doxorubicin, which has also been
observed in other tumor types, including breast cancer [22,27,32,33].

This study has several limitations. Firstly, the relatively low number of patients may
affect the evaluation of different variables, as their impact may be masked by the low
frequency. Additionally, the heterogeneity of STS can influence both response and outcome.
Finally, being a single-arm study, it only allows for indirect comparison with previously
published data.

5. Conclusions

In conclusion, the findings of the present study highlight that the combination of NPLD
and ifosfamide is an effective treatment option for patients with advanced /metastatic STS,
resulting in a satisfactory DCR while maintaining manageable levels of toxicity. The
promising outcomes observed in this study underscore the need for further investigation
and clinical utilization of NPLD in the treatment of this challenging disease. By continuing
to explore the potential of NPLD, we can strive towards improving treatment outcomes
and enhancing the quality of life for patients with advanced /metastatic STS.



Cancers 2023, 15, 5036 14 of 16

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ cancers15205036/s1. Table S1: Grade 3-4 adverse events (43 patients).
Table S2: Grade 3-4 adverse events (35 patients).

Author Contributions: Conceptualization, A.B. and G.M.; methodology, A.B. and ]J.P; software, J.P;
validation, A.B.,S.S.,, D.L,, AF, A.G., CL,JP,VC,SL, PG,MM, ADP,SG., GC., CB., GE,
FP. and G.M,; formal analysis, A.B., SS.,, D.L., AF, AG, CL,]J.P,VC,SL, PG, MM, ADP,
S.G., G.C,CB, GFE, FEP. and G.M,; investigation, A.B.,SS.,,D.L., AF,AG., CL,]JP,VC,SL, PG,
MM., A.D.P, S.G., G.C., C.B., G.E, EP. and G.M.; resources, A.B.,S.S,, D.L.,, AF, AG. CL., J.P,
V.C,S.L,PG,MM., AD.P,S.G, G.C,CB., GFE, EP. and G.M.; data curation, A.B.,S.S.,,D.L., A.F,
AG,CL,JP,VC,SL, PG, MM, AD.P,SG., G.C, CB, GFE, EP. and G.M.; writing—original
draft preparation, A.B. and G.M.; writing—review and editing, A.B.,S.S.,,D.L.,, AF, AG., CL,]J.P,
V.C,SL.,PG,MM., AD.P,SG., G.C,CB., GFE, EP. and G.M.; visualization, A.B.,S.S., D.L., A.E,
AG,CL,]JP,VC,SL,PG,ADP,SG,GC,CB,GFE,EP. and GM,; supervision, A.B.; project
administration, A.B.; funding acquisition, A.B. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Italian Ministry of Health-Ricerca Corrente.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Centro di Riferimento Oncologico
(CRO) di Aviano (Clinical Trial code ID: CRO-2008-38).

Informed Consent Statement: Informed consent to publish this paper was obtained from all patients
involved in the study.

Data Availability Statement: All data can be found in the text.

Acknowledgments: The authors thank the patients and their families who made this study possible.
Special recognition is also extended to Giovanna Damia for her contributions in writing and editing
the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

Benjamin, R.S.; Wiernik, PH.; Bachur, N.R. Adriamycin: A new effective agent in the therapy of disseminated sarcomas. Med.
Pediatr. Oncol. 1975, 1, 63-76. [CrossRef] [PubMed]

Wang, B.-C.; Kuang, B.-H.; Xiao, B.-Y.; Lin, G.-H. Doxorubicin/Adriamycin Monotherapy or Plus Ifosfamide in First-Line
Treatment for Advanced Soft Tissue Sarcoma: A Pooled Analysis of Randomized Trials. Front. Oncol. 2021, 11, 762288. [CrossRef]
[PubMed]

Soft Tissue and Bone Tumours WHO Classification of Tumours, 5th ed.; WHO Classification of Tumours Editorial Board: Lyon, France,
2020; Volume 3, ISBN 13 978-92-832-4502-5.

LiverTox: Clinical and Research Information on Drug-Induced Liver Injury [Internet]; National Institute of Diabetes and Digestive and
Kidney Diseases: Bethesda, MD, USA, 2012.

Tacar, O.; Sriamornsak, P.; Dass, C.R. Doxorubicin: An update on anticancer molecular action, toxicity and novel drug delivery
systems. . Pharm. Pharmacol. 2013, 65, 157-170. [CrossRef]

Schoffski, P.; Cornillie, J.; Wozniak, A.; Li, H.; Hompes, D. Soft Tissue Sarcoma: An Update on Systemic Treatment Options for
Patients with Advanced Disease. Oncol. Res. Treat. 2014, 37, 355-362. [CrossRef] [PubMed]

Mouridsen, H.; Bastholt, L.; Somers, R.; Santoro, A.; Bramwell, V.; Mulder, J.; Van Oosterom, A.; Buesa, J.; Pinedo, H.; Thomas, D.;
et al. Adriamycin versus epirubicin in advanced soft tissue sarcomas. A randomized phase II/phase III study of the EORTC soft
tissue and bone sarcoma group. Eur. J. Cancer Clin. Oncol. 1987, 23, 1477-1483. [CrossRef] [PubMed]

Frustaci, S.; Buonadonna, A.; Galligioni, E.; Favaro, D.; De Paoli, A.; Re, G.L.; Sorio, R.; Tumolo, S.; Monfardini, S. Increasing
4’-epidoxorubicin and fixed ifosfamide doses plus granulocyte-macrophage colony-stimulating factor in advanced soft tissue
sarcomas: A pilot study. J. Clin. Oncol. 1997, 15, 1418-1426. [CrossRef]

Reichardt, P; Tilgner, J.; Hohenberger, P.; Dorken, B. Dose-intensive chemotherapy with ifosfamide, epirubicin, and filgrastim
for adult patients with metastatic or locally advanced soft tissue sarcoma: A phase Il study. J. Clin. Oncol. 1998, 16, 1438-1443.
[CrossRef]

Gronchi, A.; Miah, A.B.; Dei Tos, A.; Abecassis, N.; Bajpai, J.; Bauer, S.; Biagini, R.; Bielack, S.; Blay, ].Y.; Bolle, S.; et al. Soft tissue
and visceral sarcomas: ESMO-EURACAN-GENTURIS Clinical Practice Guidelines for diagnosis, treatment and follow-up=.
Ann. Oncol. 2021, 32, 1348-1365. [CrossRef]

Leonard, R.C.E; Williams, S.; Tulpule, A.; Levine, A.M.; Oliveros, S. Improving the Therapeutic Index of Anthracycline Chemother-
apy: Focus on Liposomal Doxorubicin (Myocet). Breast 2009, 18, 218-224. [CrossRef]


https://www.mdpi.com/article/10.3390/cancers15205036/s1
https://www.mdpi.com/article/10.3390/cancers15205036/s1
https://doi.org/10.1002/mpo.2950010109
https://www.ncbi.nlm.nih.gov/pubmed/1232527
https://doi.org/10.3389/fonc.2021.762288
https://www.ncbi.nlm.nih.gov/pubmed/34881180
https://doi.org/10.1111/j.2042-7158.2012.01567.x
https://doi.org/10.1159/000362631
https://www.ncbi.nlm.nih.gov/pubmed/24903768
https://doi.org/10.1016/0277-5379(87)90089-7
https://www.ncbi.nlm.nih.gov/pubmed/3479329
https://doi.org/10.1200/JCO.1997.15.4.1418
https://doi.org/10.1200/JCO.1998.16.4.1438
https://doi.org/10.1016/j.annonc.2021.07.006
https://doi.org/10.1016/j.breast.2009.05.004

Cancers 2023, 15, 5036 15 of 16

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.
26.

27.

28.

29.

30.

31.

Harris, L.; Batist, G.; Belt, R.; Rovira, D.; Navari, R.; Azarnia, N.; Welles, L.; Winer, E.; TLC D-99 Study Group. Liposome-
encapsulated doxorubicin compared with conventional doxorubicin in a randomized multicenter trial as first-line therapy of
metastatic breast carcinoma. Cancer 2002, 94, 25-36. [CrossRef]

Mross, K.; Niemann, B.; Massing, U.; Drevs, ].; Unger, C.; Bhamra, R.; Swenson, C.E. Pharmacokinetics of liposomal doxorubicin
(TLC-D99; Myocet) in patients with solid tumors: An open-label, single-dose study. Cancer Chemother. Pharmacol. 2004, 54,
514-524. [CrossRef] [PubMed]

Skubitz, K.M. Phase II Trial Of Pegylated-liposomal Doxorubicin (Doxil™) In Sarcoma. Cancer Investig. 2003, 21, 167-176.
[CrossRef]

Batist, G.; Ramakrishnan, G.; Rao, C.S.; Chandrasekharan, A.; Gutheil, J.; Guthrie, T.; Shah, P.; Khojasteh, A.; Nair, M.K;
Hoelzer, K.; et al. Reduced Cardiotoxicity and Preserved Antitumor Efficacy of Liposome-Encapsulated Doxorubicin and
Cyclophosphamide Compared With Conventional Doxorubicin and Cyclophosphamide in a Randomized, Multicenter Trial of
Metastatic Breast Cancer. J. Clin. Oncol. 2001, 19, 1444-1454. [CrossRef]

O’Brien, M.E.; Wigler, N.; Inbar, M.; Rosso, R.; Grischke, E.; Santoro, A.; Catane, R.; Kieback, D.G.; Tomczak, P.; Ackland, S.P; et al.
Reduced Cardiotoxicity and Comparable Efficacy in a Phase III Trial of Pegylated Liposomal Doxorubicin HCl (CAELYX/Doxil)
versus Conventional Doxorubicin for First-Line Treatment of Metastatic Breast Cancer. Ann. Oncol. 2004, 15, 440-449. [CrossRef]
[PubMed]

Chan, S.; Davidson, N.; Juozaityte, E.; Erdkamp, F.; Pluzanska, A.; Azarnia, N.; Lee, L.W. Phase III trial of liposomal doxorubicin
and cyclophosphamide compared with epirubicin and cyclophosphamide as first-line therapy for metastatic breast cancer. Ann.
Oncol. 2004, 15, 1527-1534. [CrossRef] [PubMed]

Liu, X,; Jiang, S.; Wang, H.; Wu, X; Yan, W.; Chen, Y.; Xu, Y.; Wang, C.; Yao, W.; Wang, J.; et al. Pegylated Liposomal Doxorubicin
Combined with Ifosfamide for Treating Advanced or Metastatic Soft-tissue Sarcoma: A Prospective, Single-arm Phase II Study.
Clin. Cancer Res. 2022, 28, 5280-5289. [CrossRef]

Rohlfing, S.; Aurich, M.; Schéning, T.; Ho, A.D.; Witzens-Harig, M. Nonpegylated Liposomal Doxorubicin as a Component of
R-CHOP Is an Effective and Safe Alternative to Conventional Doxorubicin in the Treatment of Patients With Diffuse Large B-Cell
Lymphoma and Preexisting Cardiac Diseases. Clin. Lymphoma Myeloma Leuk. 2015, 15, 458-463. [CrossRef]

Schmitt, C.J.; Dietrich, S.; Ho, A.D.; Witzens-Harig, M. Replacement of conventional doxorubicin by pegylated liposomal
doxorubicin is a safe and effective alternative in the treatment of non-Hodgkin’s lymphoma patients with cardiac risk factors.
Ann. Hematol. 2011, 91, 391-397. [CrossRef]

Tulpule, A.; Espina, B.M.; Berman, N.; Buchanan, L.H.; Smith, D.L.; Sherrod, A.; Dharmapala, D.; Gee, C.; Boswell, W.D;
Nathwani, B.N.; et al. Phase I/II Trial of Nonpegylated Liposomal Doxorubicin, Cyclophosphamide, Vincristine, and Prednisone
in the Treatment of Newly Diagnosed Aggressive Non-Hodgkin’s Lymphoma. Clin. Lymphoma Myeloma Leuk. 2006, 7, 59—-64.
[CrossRef]

Schettini, F.; Giuliano, M.; Lambertini, M.; Bartsch, R.; Pinato, D.J.; Onesti, C.E.; Harbeck, N.; Liiftner, D.; Rottey, S.; van Dam,
P.A; et al. Anthracyclines Strike Back: Rediscovering Non-Pegylated Liposomal Doxorubicin in Current Therapeutic Scenarios of
Breast Cancer. Cancers 2021, 13, 4421. [CrossRef]

Judson, I.; Verweij, J.; Gelderblom, H.; Hartmann, ].T.; Schoffski, P; Blay, J.-Y.; Kerst, ].M.; Sufliarsky, J.; Whelan, J.; Hohenberger,
P,; et al. Doxorubicin alone versus intensified doxorubicin plus ifosfamide for first-line treatment of advanced or metastatic
soft-tissue sarcoma: A randomised controlled phase 3 trial. Lancet Oncol. 2014, 15, 415-423. [CrossRef]

Cancer.Net. Sarcomas, Soft Tissue: Statistics 2023; Cancer.Net: Alexandria, VA, USA, 2023.

Kalbfleisch, J.; Prentice, R. The Statistical Analysis of Failure Time Data, 2nd ed; Wiley: Hoboken, NJ, USA, 2011; Available online:
https:/ /www.perlego.com/book /2785896 / the-statistical-analysis-of-failure-time-data-pdf (accessed on 15 October 2022).
Gamboa, A.C.; Gronchi, A.; Cardona, K.; Cardona, FK. Soft-tissue sarcoma in adults: An update on the current state of
histiotype-specific management in an era of personalized medicine. CA A Cancer J. Clin. 2020, 70, 200-229. [CrossRef] [PubMed]
De Sanctis, R.; Bertuzzi, A.; Basso, U.; Comandone, A.; Marchetti, S.; Marrari, A.; Colombo, P.; Lutman, R.F.; Giordano, L.;
Santoro, A. Non-pegylated liposomal doxorubicin plus ifosfamide in metastatic soft tissue sarcoma: Results from a phase-II trial.
Anticancer Res. 2015, 35, 543-547.

D’ambrosio, L.; Touati, N.; Blay, J.; Grignani, G.; Flippot, R.; Czarnecka, A.M.; Piperno-Neumann, S.; Martin-Broto, ].; Sanfilippo,
R.; Katz, D.; et al. Doxorubicin plus dacarbazine, doxorubicin plus ifosfamide, or doxorubicin alone as a first-line treatment for
advanced leiomyosarcoma: A propensity score matching analysis from the European Organization for Research and Treatment of
Cancer Soft Tissue and Bone Sarcoma Group. Cancer 2020, 126, 2637-2647. [CrossRef] [PubMed]

Stefanovski, P.; Bidoli, E.; De Paoli, A.; Buonadonna, A.; Boz, G.; Libra, M.; Morassut, S.; Rossi, C.; Carbone, A.; Frustaci, S.
Prognostic factors in soft tissue sarcomas: A study of 395 patients. Eur. ]. Surg. Oncol. (EJSO) 2002, 28, 153-164. [CrossRef]
Igbal, N.; Shukla, N.K,; Deo, S.V.S.; Agarwala, S.; Sharma, D.N.; Sharma, M.C.; Bakhshi, S. Prognostic factors affecting survival in
metastatic soft tissue sarcoma: An analysis of 110 patients. Clin. Transl. Oncol. 2015, 18, 310-316. [CrossRef]

Trojani, M.; Contesso, G.; Coindre, ].M.; Rouesse, ].; Bui, N.B.; De Mascarel, A.; Goussot, ].F,; David, M.; Bonichon, F.; Lagarde, C.
Soft-tissue sarcomas of adults; study of pathological prognostic variables and definition of a histopathological grading system.
Int. ]. Cancer 1984, 33, 37-42. [CrossRef]


https://doi.org/10.1002/cncr.10201
https://doi.org/10.1007/s00280-004-0825-y
https://www.ncbi.nlm.nih.gov/pubmed/15322827
https://doi.org/10.1081/CNV-120016412
https://doi.org/10.1200/JCO.2001.19.5.1444
https://doi.org/10.1093/annonc/mdh097
https://www.ncbi.nlm.nih.gov/pubmed/14998846
https://doi.org/10.1093/annonc/mdh393
https://www.ncbi.nlm.nih.gov/pubmed/15367414
https://doi.org/10.1158/1078-0432.CCR-22-1785
https://doi.org/10.1016/j.clml.2015.03.008
https://doi.org/10.1007/s00277-011-1308-y
https://doi.org/10.3816/CLM.2006.n.040
https://doi.org/10.3390/cancers13174421
https://doi.org/10.1016/S1470-2045(14)70063-4
https://www.perlego.com/book/2785896/the-statistical-analysis-of-failure-time-data-pdf
https://doi.org/10.3322/caac.21605
https://www.ncbi.nlm.nih.gov/pubmed/32275330
https://doi.org/10.1002/cncr.32795
https://www.ncbi.nlm.nih.gov/pubmed/32129883
https://doi.org/10.1053/ejso.2001.1242
https://doi.org/10.1007/s12094-015-1369-9
https://doi.org/10.1002/ijc.2910330108

Cancers 2023, 15, 5036 16 of 16

32.  Yamaguchi, N.; Fujii, T.; Aoi, S.; Kozuch, P.S.; Hortobagyi, G.N.; Blum, R.H. Comparison of cardiac events associated with
liposomal doxorubicin, epirubicin and doxorubicin in breast cancer: A Bayesian network meta-analysis. Eur. J. Cancer 2015, 51,
2314-2320. [CrossRef] [PubMed]

33. Theodoulou, M.; Hudis, C. Cardiac profiles of liposomal anthracyclines: Greater Cardiac Safety versus Conventional Doxorubicin?
Cancer 2004, 100, 2052-2063. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ejca.2015.07.031
https://www.ncbi.nlm.nih.gov/pubmed/26343314
https://doi.org/10.1002/cncr.20207

	Introduction 
	Materials and Methods 
	Patients’ Characteristics 
	Treatment and Study Design 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

