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Summary
Background The combined vincristine, pegylated liposomal doxorubicin (PLD), and cyclophosphamide (VPC)
regimen has never been studied in pediatric patients.

Methods This open-label, single-center, single-arm phase I study utilizing a “3 + 3” design enrolled children with
relapsed/refractory (R/R) solid tumors. Three dose levels of PLD (Duomeisu®) were studied (30, 40, or 50 mg/
m2) in combination with cyclophosphamide (1500 mg/m2), mesna (1500 mg/m2), and vincristine (1.5 mg/m2,
maximum 2 mg) once every 3 weeks. The primary endpoints included safety, the maximum tolerated dose (MTD)
of PLD (Duomeisu®), and the recommended phase 2 dose (RP2D) of PLD (Duomeisu®) for further phase 2
investigation. The secondary endpoints were objective response rate (ORR) and disease control rate (DCR). This
study is registered with ClinicalTrials.gov, NCT04213612.

Findings Between January 7, 2020, and November 18, 2021, 34 patients were eligible and evaluable for toxicity, while
26 patients were evaluable for response. The MTD of PLD (Duomeisu®) was 30 mg/m2. The most common adverse
event (AE) was grade 3 or 4 neutropenia (61.8%). The most common grade 1 or 2 non-hematologic AE and
cardiotoxicity effects were vomiting (35.3%) and abnormal electrocardiogram T waves (20.6%), respectively. ORR
and DCR to VPC regimen after two cycles were 50.0% and 92.3%, respectively. Targeted gene panel sequencing
revealed the activation of TP53 mutation may be an adverse prognostic factor.

Interpretation The VPC regimen showed a promising safety profile and had preliminary efficacy in children with R/R
solid tumors. The RP2D for PLD (Duomeisu®) combined with cyclophosphamide and vincristine is 30 mg/m2 once
every 3 weeks.
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Research in context

Evidence before this study
We searched PubMed, from database inception to May 27,
2024, for papers published in English, using the terms (“PLD”
OR “pegylated liposomal doxorubicin” OR “Caelyx”), AND
(“cyclophosphamide”), AND (“solid tumor”), AND (“child” OR
“pediatric”). We also reviewed references and subsequent
citations (identified using Google Scholar). Our search yielded
that no studies have been published on the safety and activity
of the combination of vincristine, pegylated liposomal
doxorubicin (PLD), and cyclophosphamide (VPC) regimens in
pediatric patients.

Added value of this study
To our knowledge, this phase I study is the first dose-
escalation study to investigate the use of PLD in
combination with vincristine and cyclophosphamide in

pediatric patients with relapsed/refractory solid tumors. We
reported favorable safety profiles and preliminary activity of
this regimen. Conducting clinical trials in this rare subset of
pediatric patients with limited treatment options is difficult;
however, the encouraging results observed in this study
suggests that VPC regimen is a promising approach in these
patients.

Implications of all the available evidence
Our findings have shown the potential antitumor activity of
the VPC regimen in a salvage line setting for pediatric patients
with relapsed/refractory solid tumors. If our ongoing
expansion study supports these data, VPC regimen may
become a new treatment option for salvage-line treatment in
these settings. Our study will provide additional evidence
supporting the use of PLD (Duomeisu®) in pediatric patients.
Introduction
Doxorubicin is a standard component of therapy for
many pediatric malignant solid tumors, such as Wilms
tumor, Ewing’s sarcoma, and osteosarcoma. However,
cardiotoxicity is a major late toxicity of anthracycline
therapy, which may occur years after treatment with
cumulative doses and limited dosage escalation.1,2 Cu-
mulative anthracycline dose is an important predictor of
cardiomyopathy.3 The cumulative incidence of clinical
heart failure in some long-term survivors of pediatric
cancer approaches 25.0% by the age of 40 years.4

Doxorubicin-induced heart failure occurs in 3.0–5.0%
of patients treated with a cumulative dose of 400 mg/m2

of doxorubicin.5 Furthermore, cardiovascular diseases
have become the second leading cause of long-term
morbidity and mortality among cancer survivors.6

Thus, new anthracycline preparations, such as
pegylated liposomal doxorubicin (PLD, a liposome-
encapsulated form of doxorubicin modified with poly-
ethylene glycol), have been developed to maximize the
dose intensity of doxorubicin through selective mainte-
nance of a high drug concentration in the tumor tissue.7

Furthermore, PLD reduces the side effects of doxoru-
bicin, including cardiac toxicity and myelosuppression,8

and may improve the prognosis of pediatric patients
with malignant solid tumors. PLDs have shown prom-
ising efficacy and have been used extensively in adults
with solid tumors, such as breast cancer,9 ovarian can-
cer,10 osteosarcoma,11 and lymphoma.12

PLD exhibits activity equivalent to that of doxorubicin
and an improved toxicity profile in soft tissue sarcoma
(STS).13 A Pediatric Oncology Group Study determined
the pharmacokinetics (PK) of PLD in pediatric relapsed/
refractory (R/R) solid tumors and studied its recom-
mended phase 2 dose (RP2D).14 Monotherapy with PLD
has been reported to be effective,15 and combined
chemotherapy improves the response further. Addition-
ally, the combination of PLD with ifosfamide yields
favorable outcomes among adults with STSs.16

Although it is estimated that >80.0% of the children
diagnosed with malignant tumors can be cured,17 the
survival of pediatric patients with R/R solid tumors re-
mains dismal. Cyclophosphamide and vincristine are
effective antitumor drugs for pediatric cancer, applicable
in relapse. To our knowledge, the combined vincristine,
PLD, and cyclophosphamide (VPC) regimen has not
been studied in pediatric patients. Therefore, we con-
ducted a single-center, open-label, phase I trial to eval-
uate the VPC regimen’s safety and efficacy for treating
pediatric patients with R/R solid tumors using PLD.
Methods
Ethics statement
The PLD (Duomeisu®) used in this study (manufac-
tured by CSPC Ouyi Pharmaceutical Co., Ltd., Shi-
jiazhuang, China) is widely used as a bioequivalent to
PLD in China.11 The National Medical Products
Administration approved the application for evaluating
the consistency of PLD (Duomeisu®) and PLD, allowing
us to omit studying PLD’s PK in children,14 given the
existing quantified PK data of PLD. The study was
approved by the Institutional Review Board and Ethics
Committee of the Sun Yat-Sen University Cancer Cen-
ter. Written consent was obtained from each guardian
and/or patient.
www.thelancet.com Vol 73 July, 2024
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Patients
The inclusion criteria were (a) age between 1 and 18
years; (b) an Eastern Cooperative Oncology Group per-
formance status of 0 or 1; (c) presence of histologically
confirmed recurrent or refractory pediatric malignant
solid tumors; (d) R/R status after at least first-line
treatment; (e) existence of at least one evaluable lesion
according to the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.118; (f) estimated life ex-
pectancy of ≥6 months; (g) normal hematological values
(absolute neutrophil count ≥1000 cells/μL; hemoglobin
≥9.0 g/dL; platelets ≥100,000 platelets/μL); (h) normal
liver function (aspartate aminotransferase and alanine
aminotransferase levels ≤2.5 × upper limit of normal
[ULN], bilirubin level ≤2.5 × ULN); (i) normal renal
function (glomerular filtration rate ≥30 mL/min per
1.73 m2; serum creatinine levels ≤1.5 × ULN); and (j)
time elapsed from previous therapy was ≥3 weeks for
systemic chemotherapy and ≥2 weeks for major surgery
or radiation therapy.

Patients were excluded if they had (a) severe cardio-
vascular diseases; (b) active human immunodeficiency
virus, hepatitis B, or hepatitis C infection; (c) persistent
clinically significant toxicities caused by previous anti-
cancer therapy; or (d) received cumulative doxorubicin
or pirarubicin dose of ≥450 mg/m2 or cumulative epi-
rubicin dose of ≥550 mg/m2.

Study design and treatment
This was an open-label, single-center, single-arm phase
Ia dose escalation using a standard “3 + 3” design and
phase Ib expansion study. The treatment protocol
comprised two courses of the VPC regimen. After
completing two courses, the investigators and patients’
guardians decided whether to continue the protocol. The
maximum allowed number of courses was 12. The
treatment consisted of PLD (Duomeisu®) at an esca-
lated dose and vincristine (1.5 mg/m2, maximum 2 mg),
cyclophosphamide (1500 mg/m2), and mesna
(1500 mg/m2) at a fixed dose, once every 3 weeks. The
PLD (Duomeisu®) dose was initiated at 30 mg/m2 (L1)
and escalated to 40 mg/m2 (L2) and 50 mg/m2 (L3). The
VPC regimen was administered using a pegylated re-
combinant human granulocyte colony-stimulating factor
(PEG-rhG-CSF) at 100 μg/kg. Both PLD (Duomeisu®)
and PEG-rhG-CSF were supplied by CSPC Ouyi Phar-
maceutical Co. Ltd. (Shijiazhuang, China). The criteria
for terminating treatment included disease progression
and completion of the protocol therapy and evaluation
period.

The participants were examined for dose-limiting
toxicities (DLTs) during the first treatment cycle. The
dose of PLD (Duomeisu®) was escalated if none of the
first three patients or one of the six patients in the
specific cohort experienced DLTs. If DLTs were
observed in two or more patients, then dose escalation
was halted. Dose-limiting hematologic toxicity was
www.thelancet.com Vol 73 July, 2024
defined as grade 4 neutropenia (<500/mm3) of ≥7 days
or grade 4 thrombocytopenia (<25,000/mm3) of ≥7
days, while non-hematologic DLT was defined
as ≥ grade 3 adverse events (AEs) or any grade of toxicity
resulting in a chemotherapy delay of >2 weeks.19

The maximum tolerated dose (MTD) was defined as
the highest dose level at which <33.3% of patients
experienced DLTs during cycle 1. The RP2D was at or
below the MTD. Once the MTD was defined, 18–24
additional patients were enrolled in phase Ib to further
determine the tolerability of the MTD.

The primary endpoints included safety, DLT, MTD
of PLD (Duomeisu®) in this combination, and the
RP2D of PLD (Duomeisu®). The secondary endpoints
were objective response rate (ORR) and disease control
rate (DCR). The observation period for toxicity and
response assessment spanned the beginning of the VPC
regimen until death or end of follow-up.

Safety evaluation
Patient underwent comprehensive baseline physical
examinations, covering vital signs, clinical tumor as-
sessments, hematological and serum biochemistry tests,
urinalysis, and cardiac dysfunction assessment using a
12-lead electrocardiogram and echocardiogram. Left
ventricular ejection fraction, left ventricular systolic
(fractional shortening and biplane Simpson’s ejection
fraction) were determined through echocardiographic.
We also analyzed the levels of serum cardiac biomarkers
of myocardial stress (B-type natriuretic peptides [BNP]
and N-terminal pro-BNP) and cardiomyocyte injury
(high-sensitivity cardiac troponin T). Complete physical
examination and 12-lead electrocardiogram were per-
formed at baseline, after two cycles of VPC, and before
each subsequent cycle, at off-study, every 3-month
follow-up in the first year of off-study, every 6-month
follow-up in the second year of off-study, and every 1-
year follow-up in the third to fifth years of off-study.
Cardiac ultrasonography and assessment of serum car-
diac biomarkers were performed at baseline, after two
cycles of VPC, at off-study, and when reevaluation was
necessary.

The National Cancer Institute Common Toxicity
Criteria for Adverse Events version 5.0 were used to
evaluate AEs.

Response evaluation
The responses based on the RECIST 1.118 were assessed
centrally by an independent radiology review. The ORR
was assessed as complete response (CR) or partial
response (PR), and the DCR as CR, PR, or stable disease
(SD).

Targeted gene panel sequencing
DNA sequencing
We conducted comprehensive genomic profiling using
targeted gene panel sequencing on paired samples from
3
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22 patients, including formalin-fixed paraffin-embedded
tissue and peripheral blood specimens. DNA libraries
were analyzed using Onco PanScan (Genetron Health),
which is an 825-gene panel including major tumor-
related genes. Somatic insertions and deletions were
retrieved using Strelka (https://github.com/Illumina/
strelka), and structural variations were determined us-
ing GeneFuse version 0.6.1 (https://github.com/
OpenGene/GeneFuse). A total of 1000 genomes and
variants with population frequency over 0.1% were
excluded based on guidelines by the Exome Aggregation
Consortium. The other variants were annotated with
Oncotator and Vep.

RNA sequencing
A 395-gene RNA panel was analyzed to identify gene
fusions at the transcript level. DNA libraries were
captured with an Agilent SureSelect V5 system (Agi-
lent), and the captured samples were subjected to Illu-
mina HiSeq X-Ten for paired-end sequencing.
Sequencing reads were mapped to a human reference
genome (hg19) using Hisat2-2.0.5. Gene fusions were
identified using FusionMap.

Statistical methods
Sample size of the phase Ia dose-escalation study was
determined using a standard “3 + 3” design; while phase
Ib expansion cohort will enroll 18–24 patients, without
formal statistical consideration.

All the statistical analyses were performed using
GraphPad Prism 8.0 Software (San Diego, CA, USA).
Descriptive measures for continuous variables were
range, and for categorical variables were frequencies
(percentage [%]). ORR and DCR were calculated with
95% confidence intervals (CI) by the Clopper-Pearson
method. Fisher exact test was used to compare the
between-group differences. Any participant who expe-
rienced hematologic and non-hematologic DLTs during
the first 21 days after receiving the initial dose of VPC
was considered evaluable for toxicity. Progression-free
survival (PFS) was defined as the time from the enroll-
ment to the occurrence of disease progression or death
from any cause or time of last follow-up if no event had
occurred. PFS and 95% CI values were calculated using
the Kaplan–Meier method and compared using the two-
sided log-rank test for between-group differences.
Two-sided P values < 0.05 were considered statistically
significant. This study is registered with ClinicalTrials.
gov, NCT04213612.

Role of the funding source
CSPC Ouyi Pharmaceutical Co., Ltd., provided the study
drug for research, but otherwise had no role in study
design, data collection, analysis, or interpretation. The
study was also funded by the sponsor, YZZ and SYL,
who involved in study design, data collection, data
analysis, writing the report, and data interpretation. All
authors had full access to all the data in the study and
accepted responsibility to submit for publication.
Results
Patient characteristics
Between January 7, 2020, and November 18, 2021, 35
participants were screened. Among them, 34 patients
enrolled were eligible and evaluable for toxicity (Ia,
n = 12; Ib, n = 22), while 26 (76.5%) were evaluable for
response (Ia, n = 10; Ib, n = 16; Fig. 1). The patient
characteristics are summarized in Table 1. The median
age of the patients at enrollment was 6 (range, 1–18)
years. The major diseases were rhabdomyosarcoma
(70.6%) and Ewing’s sarcoma (11.8%). At the data cutoff
date (November 9, 2023), the median follow-up was 24.2
(range, 6.7–32.2) months. Approximately 41.2% of them
received more than three lines of chemotherapy regi-
mens. Moreover, 12 patients were treated for a first
relapse, 5 for a second relapse, and 1 for a fourth
relapse. Twenty-four and five patients were treated with
pirarubicin or doxorubicin in previous chemotherapy,
respectively; the median cumulative doses of pirarubicin
and doxorubicin were 200.0 (range, 50.0–360.0) mg/m2

and 250.0 (range, 200.0–300.0) mg/m2, respectively.

Dose escalation
The escalation scheme and DLTs were listed in
Supplementary Table S1. No DLT occurred at the first
level (L1, 30 mg/m2), while two (33.3%) of the six pa-
tients had DLTs at the second level (L2, 40 mg/m2). Both
DLTs involved grade 4 neutropenia persisting for ≥7
days. Therefore, three more patients were enrolled in L1
(30 mg/m2) to confirm the MTD, and no DLT occurred.
The MTD of PLD (Duomeisu®) was 30 mg/m2. Sub-
sequently, 22 patients were enrolled to confirm the
safety of the VPC regimen in phase Ib.

Safety
The dominant toxicity of the VPC regimen was bone
marrow suppression. The most common grade 3 or 4
AEs were neutropenia (61.8%), febrile neutropenia
(20.6%), and anemia (20.6%) (Table 2). No grade 3 or 4
non-hematologic AE was observed. The most common
grade 1 or 2 non-hematologic AEs were vomiting
(35.3%), hypertriglyceridemia (26.5%), and alopecia
(17.6%). Hand-foot syndrome (HFS) was observed in
one patient. No treatment-related deaths occurred.
Among 34 patients, the median cumulative dose was
60.0 (range, 30.0–270.0) mg/m2 for PLD (Duomeisu®)
and 3.0 (range, 1.5–13.5) g/m2 for cyclophosphamide
after enrollment.

Cardiotoxicity
The most common grade 1 or 2 cardiotoxicities were the
presence of abnormal electrocardiogram T waves
(20.6%), aspartate aminotransferase increased (11.8%),
www.thelancet.com Vol 73 July, 2024
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Fig. 1: Trial profile.
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blood lactate dehydrogenase increased (11.8%), blood
creatine phosphokinase increased (8.8%), and sinus
tachycardia (8.8%) (Table 2). Grade 3 or 4 cardiotox-
icities were not observed. No patient experienced
symptoms of congestive heart failure (CHF) or was
diagnosed with CHF.

Efficacy
The total ORR and DCR after two cycles were 50.0%
and 92.3%, respectively (Supplementary Table S2), and
the best responses were ORR and DCR of 61.5% and
92.3%, respectively (Fig. 2). At the data cutoff point, 12
patients achieved CR, including 9 with rhabdomyosar-
coma, 2 with Ewing’s sarcoma, and 1 with Wilms tu-
mor (Fig. 2). After 2-cycle VPC, the ORR was 66.7% for
phase Ia (L1), 25.0% for phase Ia (L2), and 50.0% for
phase Ib study.

Four patients had a confirmed PR, all with rhabdo-
myosarcomas. Before enrollment, 18 patients with
evaluable efficacy data were treated with the combina-
tion of vincristine, pirarubicin, and cyclophosphamide.
The best response of these patients was CR in ten, PR in
two, SD in four, and disease progression (PD) in two
patients, indicating the VPC regimen’s efficacy even
after treatment with combination of vincristine, pirar-
ubicin, and cyclophosphamide. Seven patients
responding to the VPC regimen (PR = 6, SD = 1) un-
derwent surgery, achieving pathological complete
response. Nine rhabdomyosarcoma patients who ach-
ieved CR had the response duration of >22 weeks
(Fig. 3). Additionally, patient 23 with rhabdomyosar-
coma treated with the VPC regimen and other alterna-
tive chemotherapy regimens achieved CR, with a
response duration of 45 weeks. Two of the three patients
with Ewing’s sarcoma had CR. Both patients with
www.thelancet.com Vol 73 July, 2024
Wilms tumor had a response, including one CR and one
SD (the tumor shrank by 20.0%).

Radiologic responses in four patients who achieved
PR after 2 cycles were selected to present in Fig. 4. We
observed a remarkable decrease in tumor size in pa-
tients 12, 13, 16, and 15. Pathological types in these four
patients were embryonal rhabdomyosarcoma, Wilms
tumor, alveolar rhabdomyosarcoma, and Ewing’s sar-
coma, respectively.

Biomarker analysis
Genomic analysis was also performed to identify po-
tential molecular determinants of treatment response in
pediatric patients with solid tumors. In this study, we
conducted targeted gene panel sequencing for 22 pa-
tients to comprehensively characterize the mutational
landscape of pediatric R/R solid tumors. Targeted gene
panel sequencing revealed TP53 as the most frequently
altered gene, occurring in five (22.7%) patients,
including three with missense mutations. PAX3-
FOXO1, BOCR, and HRAS were altered in three
patients (13.6%) (Fig. 5). The altered genes were
significantly enriched in the RTK-RAS, P53, Notch, and
PI3K pathways (Supplementary Fig. S1).

All patients with targeted gene panel sequencing
included in these analyses had >12 months of follow-up.
The median PFS for this trial was 16.9 months (95% CI,
1.3–29.8). The gene alteration rates of TP53, BCOR,
STAG2, TRAF7, DMD, and SPINK1 mutations, VEGFA
and MPL amplification, and CUX1-AUTS2 fusion were
higher in the PFS ≤12 months group than in the PFS >
12 months group. To summarize, both the mutation of
TP53 (P = 0.04) and the frameshift variant of BCOR
(P = 0.01) indicated poor PFS (Fig. 5). Missense variant
mutation of STAG2 also indicated poor PFS
5
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Characteristics Total (n = 34)

Median age, years (range) 6 (1–18)

Sex

Female 15 (44.1)

Male 19 (55.9)

Reasons for enrollment

Relapse 18 (52.9)

Progressive disease 6 (17.6)

Refractory 10 (29.4)

Diagnosis

Rhabdomyosarcoma 24 (70.6)

Ewing’s sarcoma 4 (11.8)

Wilms tumor 2 (5.9)

Osteosarcoma 1 (2.9)

Embryonal sarcoma 1 (2.9)

Epithelioid sarcoma 1 (2.9)

Malignant rhabdoid tumor of soft tissues 1 (2.9)

Previous chemotherapy 34 (100)

Median lines (range) 2 (1–5)

1 14 (41.2)

2 6 (17.6)

≥3 14 (41.2)

Median cycles (range) 10 (2–25)

Prior anthracycline-based chemotherapy 29 (85.3)

Median cycles (range) 4 (1–7)

Prior cyclophosphamide-based chemotherapy 31 (91.2)

Median cycles (range) 4 (1–21)

Median cumulative dose of cyclophosphamide, g/m2 (range) 9.6 (1.5–33.4)

Prior VCR + THP + CTX regimen 21 (61.8)

Median cycles (range) 4 (1–7)

Prior pirarubicin 24 (70.6)

Median cumulative dose, mg/m2 (range) 200 (50–360)

Prior doxorubicin 5 (14.7)

Median cumulative dose, mg/m2 (range) 250 (200–300)

VCR, vincristine; THP, pirarubicin; CTX, cyclophosphamide. Data are n (%), unless otherwise specified.

Table 1: Baseline characteristics.
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(P < 0.0001), and the same trend was observed for the
frameshift variant mutation of TRAF7.

DMD somatic mutation indicated poor PFS
(P˂0.0001), similarly observed for SPINK1 and VEGFA
mutations and CUX1-AUTS2 fusion. Patient 17, diag-
nosed as embryonal sarcoma, exhibited TP53 mutation,
BCOR frameshift variant, VEGFA amplification, CUX1-
AUTS2 fusion, SPINK1 and DMD missense variant,
progressing after two VPC regimen cycles. Compared to
the PFS > 12 months group, the PFS ≤ 12 months
group showed more mutated genes in the CPF pathway,
highlighting its activation as a poor prognostic indicator
(Supplementary Fig. S1).
Discussion
Our study is the first to assess the safety and MTD of
PLD combined with cyclophosphamide and vincristine
in pediatric patients with R/R solid tumors. We selected
this regimen based on its established efficacy. The
RP2D of PLD (Duomeisu®) was 30 mg/m2, alongside
cyclophosphamide at 1500 mg/m2, mesna at 1500 mg/
m2, and vincristine at 1.5 mg/m2 (maximum 2 mg) once
every 3 weeks. This dose has been recommended as the
starting dose for adults.16,20

PLD monotherapy is well tolerated in pediatric and
adult patients.14,21 In two studies, the MTD of PLD
administered every 4 weeks to pediatric patients was
60 mg/m2,14 and in another clinical study, the RP2D of
PLD was 50 mg/m2 every 4 weeks for Japanese adult
patients.22 One study demonstrated PLD’s tolerability as
a single agent at 50 mg/m2 monthly in pediatric pa-
tients, with three of eight patients showing an objective
response to advanced sarcomas.15 Another study re-
ported no objective response in 15 adult patients with
advanced STSs treated solely with PLD,21 suggesting
www.thelancet.com Vol 73 July, 2024
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Grade 1 or 2 n (%) Grade 3 n (%) Grade 4 n (%)

Hematologic

Anemia 17 (50.0) 7 (20.6) 0

Neutropenia 5 (14.7) 7 (20.6) 14 (41.2)

Thrombocytopenia 5 (14.7) 2 (5.9) 3 (8.8)

Febrile neutropenia 0 4 (11.8) 3 (8.8)

Non-hematologic

Vomiting 12 (35.3) 0 0

Hypertriglyceridemia 9 (26.5) 0 0

Alopecia 6 (17.6) – –

Diarrhea 4 (11.8) 0 0

Anorexia 3 (8.8) 0 0

Constipation 2 (5.9) 0 0

Rash 2 (5.9) 0 0

Cough 2 (5.9) 0 0

Hand-foot syndrome 1 (2.9) 0 0

Oral mucositis 1 (2.9) 0 0

Cystatin C increased 1 (2.9) 0 0

Abdominal pain 1 (2.9) 0 0

Alanine aminotransferase increased 1 (2.9) 0 0

γ glutamyltransferase increased 1 (2.9) 0 0

Epistaxis 1 (2.9) 0 0

Fever 1 (2.9) 0 0

Anorexia 1 (2.9) 0 0

Rhinorrhea 1 (2.9) 0 0

Creatinine increased 1 (2.9) 0 0

Urea increased 1 (2.9) 0 0

Weight loss 1 (2.9) 0 0

Cardiotoxicity

Abnormal electrocardiogram T wave 7 (20.6) – –

Aspartate aminotransferase increased 4 (11.8) 0 0

Blood lactate dehydrogenase increased 4 (11.8) 0 0

Blood creatine phosphokinase increased 3 (8.8) 0 0

Sinus tachycardia 3 (8.8) 0 0

Accelerated atrial heart rate 1 (2.9) 0 0

Sinus bradycardia 1 (2.9) 0 0

Lactic dehydrogenase increased 1 (2.9) 0 0

Data are n (%).

Table 2: Safety profile in 34 safety population.

Articles
further investigation of PLD in combination with
agents, such as ifosfamide, is warranted. The recom-
mended doses for future studies are 30 mg/m2 PLD on
day 1 and 3000 mg/m2 intravenous ifosfamide on days
1–3 every 3 weeks for previously untreated adult patients
with metastatic or advanced STSs.16 The combination of
temsirolimus with PLD (30 mg/m2 every 4 weeks) is
safe and well tolerated in recurrent and refractory bone
and soft tissue sarcomas.20 We designed the combined
regimen to improve the efficacy of PLD. In this dose-
finding phase I study, the feasibility of using PLD
(Duomeisu®) combined with cyclophosphamide and
vincristine in pediatric solid tumors was evaluated to
test the possibility of administering these three drugs at
www.thelancet.com Vol 73 July, 2024
therapeutic doses. This study demonstrated that the
VPC regimen is safe for pediatric patients, allowing
cyclophosphamide and vincristine to be administered at
a dose similar to that used when each is administered
alone. Moreover, despite our patient population being
heavily pretreated, we observed a good response to the
VPC regimen. The ORR and DCR of response to the
VPC regimen after two cycles highlighted the promising
antitumor activity of this combination. Our findings
were consistent with those of previous studies on PLD
and bolus or metronomic cyclophosphamide for pa-
tients with metastatic breast cancer.23 They were also
consistent with the results of another study that
demonstrated the safe and effective use of PLD with
7
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Fig. 2: Clinical activity of the VPC regimen. (A) Waterfall plot for the best percentage change in target lesion size (n = 26). (B) Spider plot
showing individual patients and the time frame (n = 26). Tumor size is measured centrally as the sum of the longest diameters of the target
lesions according to the RECIST 1.1 by independent radiology review for both (A) and (B). Only patients with at least one evaluable post-
baseline target lesion scan (A and B) are included. Plots of the best percentage changes in the sum of the longest diameters of the target
lesions are shown. Three patients had 0% change since baseline. Dashed lines at 30% decrease and 20% increase represent the cut-offs for
identifying PR and PD, respectively, according to the RECIST 1.1. Abbreviations: VPC, vincristine, pegylated liposomal doxorubicin, and
cyclophosphamide; RECIST, Response Evaluation Criteria in Solid Tumors; CR, complete response; PR, partial response; SD, stable disease; PD,
disease progression.
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cyclophosphamide in patients with metastatic breast
cancer previously treated with anthracycline.9

The VPC regimen exhibited a manageable toxicity
profile. Specifically, no unexpected toxicity was
observed. Myelosuppression was reported as the most
common AE. Given the support of PEG-rhG-CSF, the
most common grade 3 or 4 AEs were hematologic
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Fig. 3: Duration of treatment. Twelve of twenty-six patients achieved
doxorubicin, and cyclophosphamide; pCR, pathological complete respons
toxicities similar to those of other combination chemo-
therapy regimens.19 With respect to safety, grade 3–4
febrile neutropenia (20.6% vs. 58.0%) in this study was
lower than that observed on treatment with regular
vincristine, doxorubicin, cyclophosphamide, ifosfamide,
and etoposide induction (VDC plus IE regimen) for
newly diagnosed Ewing’s sarcoma.24 The incidence of
24 30 36 42 48
enrollment (weeks)

First complete response
First partial response
First stable disease

Progressive disease

Withdrew consent
Investigator decision
Complete 2-cycle VPC

Radiotherapy
Alternate treatment with other regimens
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Surgery, pPR

osarcoma
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r
coma
 sarcoma
sarcoma

a confirmed CR. Abbreviations: VPC, vincristine, pegylated liposomal
e; pPR, pathological partial response.
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Fig. 4: Radiologic response in four patients. Panel A shows a CT scan of bulky disease in the abdominal cavity in Patient 12, diagnosed as
embryonal rhabdomyosarcoma before and after two cycles of the VPC regimen. The maximum lesion diameter decreased from 84 mm to
55 mm (a decrease of 34.5%). Panel B shows a CT scan of bulky disease in the vesicorectal pouch in Patient 13, diagnosed as a Wilms tumor
before and after two cycles of the VPC regimen. The maximum lesion diameter decreased from 80 mm to 14 mm (a decrease of 82.5%). Panel C
shows a CT scan of bulky disease in enlarged lymph nodes in the mediastinum and hilum of the lungs in Patient 16, diagnosed as alveolar
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Fig. 5: Biomarker results based on PFS. Genomic events based on the timing of progression following treatment (PFS > 12 vs. ≤12 months).
Kaplan–Meier estimates of PFS in 22 patients by specific somatic mutations. Frameshift variant of STAG2 and missense variant of TRAF7
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grade 3–4 anemia (20.6% vs. 62.0%) and thrombocyto-
penia (14.7% vs. 56.0%) was also lower, whereas that of
grade 3–4 neutropenia (61.8% vs. 55.0%) was higher
than that observed with regular VDC plus IE.24 How-
ever, the toxicity of ifosfamide and etoposide cannot be
excluded.

One study showed that in a multivariable model, an
increase in the doxorubicin dose by 10 mg/m2 is asso-
ciated with heart failure.25 Although most patients
rhabdomyosarcoma before and after two cycles of VPC regimen. The maxi
69.8%). Panel D shows an 18F-FDG-PET/CT scan of bulky disease in abdo
before enrollment and after treatment. After two cycles of the VPC regim
(a decrease of 72.6%). The patient underwent surgery following five VPC r
four cycles of the VPC regimen, the 18F-FDG PET/CT scan showed CR. A
liposomal doxorubicin, and cyclophosphamide; CR, complete response; 1
raphy/computed tomography.
(85.3%) in this study were previously treated with con-
ventional anthracycline, none developed grade 3 or 4
cardiotoxicity. All cardiotoxicities in this study were
asymptomatic, potentially indicating the promising
cardiac safety of our VPC comprising the PLD regimen.
Besides, several long-term follow-up studies of PLD
demonstrated the low incidence and severity of car-
diotoxicities in either adult or pediatric patients,26,27

further supporting the long-term cardiac safety of
mum lesion diameter decreased from 53 mm to 16 mm (a decrease of
minal and pelvic cavities in Patient 15, diagnosed as Ewing’s sarcoma
en, the maximum lesion diameter decreased from 95 mm to 26 mm
egimen cycles, achieving pathologic complete response. After another
bbreviations: CT, computed tomographic; VPC, vincristine, pegylated
8F-FDG PET/CT, 18F-Fluorodeoxyglucose positron emission tomog-
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PLD. As such, we reason that the PLD regimen may
serve as a treatment option for patients too frail or
vulnerable to receive conventional doxorubicin, with
encouraging cardiac safety. However, it should be noted
that the late-onset cardiotoxicity of anthracyclines
appeared ≥1 year after treatment cessation; thus,
considering limited follow-up in our study, the long-
term cardiac safety of our VPC combination in pediat-
ric patients should be further monitored and confirmed
over a prolonged follow-up.

Although HFS was observed in only one patient in
our study, a previous study reported an incidence rate of
up to 80.0% in patients who received a high dose of
PLD.28 Thus, it is necessary to increase the sample size
to further observe HFS occurrence. To fill in the gaps in
the limited clinical trials of new drugs in pediatric pa-
tients in China and determine the long-term cardiotox-
icity of the VPC regimen, a phase II prospective clinical
study of this combination is ongoing at our center.

In our cohort, apart from one patient with Wilms
tumor, four patients with rhabdomyosarcoma had TP53
mutation. Rhabdomyosarcoma patients with TP53 mu-
tation had a worse PFS compared to patients without
this mutation, aligning with existing literature that re-
ported TP53 mutations were associated with worse
outcomes in both FOXO1 fusion-negative and FOXO1
fusion-positive rhabdomyosarcoma cases.29 Although
the embryonal rhabdomyosarcoma patient 20 respon-
ded to the VPC regimen with a best response of SD, the
PFS was short. This outcome may be attributed to TP53,
BCOR, HRAS, POLD1, PIK3C2B, and NF1 mutations.
The embryonal rhabdomyosarcoma patient 33 had
BCOR-NRAS co-mutation, which is in accordance with
the report that significant interactions included BCOR
with NRAS in FOXO1 fusion-negative rhabdomyosar-
coma was observed.29 The Ewing’s sarcoma patient 24,
harboring TP53 and STAG2 mutations, did not benefit
from the VPC regimen, showing short PFS and OS.
This is because TP53 and STAG2 mutations are often
concurrent and associated with poor outcomes in Ewing
sarcoma.30

The main strength of this study was the development
of a novel regimen to treat pediatric patients with R/R
solid tumors. The findings of this phase I study raise an
important question on the optimal use of the VPC
regimen. Larger data on PLD (Duomeisu®) at RP2D are
needed to evaluate its optimal use in appropriate disease
types. Although the VPC regimen showed preliminary
efficacy, the limitation of the small sample size of pa-
tients treated in each diagnostic subgroup cannot be
ignored.

In conclusion, the recommended PLD (Duomeisu®)
dose for future studies is 30 mg/m2 in combination with
1500 mg/m2 cyclophosphamide and mesna, and
1.5 mg/m2 (≤2 mg) vincristine daily for 21 days. This
regimen, supported by PEG-rhG-CSF, showed accept-
able toxicity. PLD (Duomeisu®) along with and may
www.thelancet.com Vol 73 July, 2024
synergize with cyclophosphamide and vincristine
enhancing their efficacy in children with R/R solid tu-
mor. A phase II study on the VPC regimen is underway.
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