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Abstract
Purpose  The repeated use of doxorubicin is limited due to dose-limiting cardiac toxicity. Pegylated liposomal doxorubicin 
(PEG-LD, Duomeisu) has a reduced cardiac toxicity. This phase I study aimed to investigate the maximum tolerated doses 
(MTDs) and dose-limiting toxicities (DLTs) of the PEG-LD and cisplatin combination in patients with metastatic and recur-
rent osteosarcoma.
Methods  Patients were given PEG-LD at a dose of 40, 50, or 60 mg/m2 on day 1 of each 21-day cycle, according to a 3 + 3 
approach for dose escalation. Cisplatin was administered as a fixed dose of 100 mg/m2 for every cycle. Toxicities and tumor 
response were observed.
Results  A total of 15 patients were enrolled in this trial, and nine of the patients had received prior doxorubicin. The MTD 
of PEG-LD was reached at 50 mg/m2 in this regimen, with neutropenic fever and stomatitis as DTLs. The main adverse 
event (AE) was myelosuppression. The most common non-hematological AEs were vomiting, hypoproteinemia, stomatitis 
and transient sinus arrhythmia. Grade 3–4 toxicity was neutropenia, leukopenia, thrombocytopenia, anemia and stomatitis 
in the whole cohort. All the AEs were relieved after symptomatic and supportive treatment. Totally, the overall response 
rate was 13.3% and disease control rate was 66.7%. For the six patients who have not received prior doxorubicin, one partial 
response and five stable diseases were observed.
Conclusion  We provide the data showing that PEG-LD 50 mg/m2 combined with cisplatin 100 mg/m2 demonstrated an 
acceptable safety profile and promising clinical activity in advanced osteosarcoma, which merits further evaluation in phase 
II studies.
Trial registration  ChiCTR1900021550.
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Introduction

Osteosarcoma is the most common primary malignant bone 
tumor in children and young adults, with a worldwide inci-
dence of 3.4 per million people per year [1]. The addition 
of neo-adjuvant and adjuvant chemotherapy to surgery has 
improved the prognosis of patients with localized disease at 
presentation, leading to a cure rate of 50–70% [2]. Moreover, 
90–95% of patients can be successfully treated with limb-
sparing approaches rather than amputation with this mode 
of treatment [3]. However, 10–20% of patients present with 
distant metastatic disease at diagnosis [4], and survival rates 
continue to be unsatisfactory in the metastatic and relapse 
setting [5, 6]. The outcome for patients with metastatic and 
recurrent osteosarcoma has not been improved obviously 
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in spite of the development of multi-agent chemotherapy 
regimens [7].

Doxorubicin combined with cisplatin is one of the most 
commonly recommended first-line chemotherapy regimens 
for osteosarcoma, which can achieve good histological 
response in 41% of patients and significantly improve sur-
vival [8]. In addition, doxorubicin is also active for patients 
with recurrent osteosarcoma [6, 9], who may have previously 
received the limit dose of doxorubicin in the neoadjuvant 
and adjuvant therapy stage. However, the repeated use of 
doxorubicin in metastatic and recurrent osteosarcoma is lim-
ited because of dose-limiting cardiac toxicity and poor toler-
ability beyond a few doses. Therefore, exploring alternative 
agents to overcome the dose limit of doxorubicin is of great 
significance for the treatment of osteosarcoma.

Studies have shown that encapsulation of doxorubicin by 
PEGylated liposomes (PEGylated liposomal doxorubicin; 
PEG-LD) improves the tissue distribution and pharmacoki-
netics of doxorubicin [10]. Replacement of doxorubicin with 
PEG-LD was reported to have a comparable efficacy but sig-
nificantly reduce the cardiac toxicity in a variety of tumors 
[11–13]. In recent years, PEG-LD has been widely used in 
various tumors, such as breast cancer, ovarian cancer, mul-
tiple myeloma, and lymphoma [11, 12]. In osteosarcoma, 
whether PEG-LD can replace conventional doxorubicin to 
form a combined chemotherapy regimen, and what is the 
optimal dosage in patients, is currently rarely reported. A 
phase II trial by the EORTC Soft Tissue and Bone Sarcoma 
Group demonstrated that PEG-LD, which was administered 
at a dose of 50 mg/m2 every 4 weeks, had equivalent anti-
tumor activity in patients advanced soft tissue sarcoma, with 
reduced toxicity compared with doxorubicin, which was 
given at a dose of 75 mg/m2 every 3 weeks [14]. Our previ-
ous study also found that PEG-LD 50 mg/m2 every 3 weeks 
can achieve similar good histological response as compared 
with doxorubicin 60–75 mg/m2 [15]. Therefore, PEG-LD 
50 mg/m2 every 3 weeks was set as the effective reference 
dose, and PEG-LD 40 mg/m2 every 3 weeks was selected as 
the starting dose in this study.

This is the first phase I study to investigate the maximum 
tolerated dose (MTD) of PEG-LD when combined with cis-
platin, to identify the toxicity profile and antitumor activity 
in Chinese patients with advanced osteosarcoma. This study 
will provide a basis for further randomized controlled clini-
cal trials.

Patients and methods

Patients

Patients were eligible if they met the following criteria: 
(i) histologically confirmed high grade osteosarcoma; 

(ii) un-resectable newly diagnosed patients or metastatic 
and recurrent patients who have not received systemic 
therapy after tumor relapse; (iii) 14–65 years of age; (iv) 
Eastern Cooperative Oncology Group (ECOG) performance 
status (PS) of 0–1; (v) life expectancy at least 6 months; 
(vi) adequate bone marrow activity (white blood cell 
count > 3 × 109/L, absolute neutrophil count > 1.5 × 109/L, 
platelet count > 8 × 109/L, and hemoglobin level > 90 g/L), 
adequate hepatic function (serum total bilirubin level < 1.5 
times the normal upper limit, transaminase < 2.5 times 
the normal upper limit), adequate renal function (serum 
creatinine level < 1.5 times the normal upper limit), and 
adequate cardiac function (left ventricular ejection frac-
tion [LVEF] > 50%) by echocardiography; (viii) no severe 
complications, such as uncontrollable infections, congenital 
heart disease or pericardial disease, arrhythmia requiring 
drug intervention.

Patients with other malignancies, or were allergic to simi-
lar chemical composition were excluded from this study. 
Pregnancy or breastfeeding was not allowed in this study. 
Before the study, each patient signed a written informed con-
sent. The study was approved by the Scientific and Ethics 
Committees of Sun Yat-sen University Cancer Center.

Study design

This was an open label, phase I study, with standard 3 + 3 
dose-escalation design. Three escalating doses of PEG-
LD (Duomeisu) were planned (40, 50, 60 mg/m2) with the 
fixed dose of cisplatin (100 mg/m2). At each dose level, 
three patients were scheduled to be included. At least three 
patients were observed for acute toxicity for a minimum of 
3 weeks before doses were escalated to the next dose level. 
Three additional patients were scheduled for treatment at the 
same dose level if any of the predefined dose-limiting toxici-
ties (DLTs) was observed in one of the initial three patients. 
Intra-patient dose escalation was not allowed. Each patient 
planned to receive 2 cycles of study treatment. The DLTs 
in this study were defined as follows: (i) grade 3 or grade 
4 non-hematological toxicities except for nausea/vomiting, 
anorexia and general malaise; (ii) grade 4 neutropenia last-
ing greater than 5 days or febrile neutropenia; (iii) grade 4 
thrombocytopenia lasting greater than 5 days; and (iv) fail-
ure to administer treatment within 14 days of the planned 
drug administration for next cycle due to delayed recovery 
of treatment-related toxicity to grade ≤ 1 or baseline. The 
patients who got a DLT were permitted to continue treat-
ment at the lower dose level in the subsequent cycles. Only 
the toxicity of the first cycle was used to determine the DLT.

The MTD was defined as one dose level above which 
DLT was observed in two or more patients of the six patients 
following the first cycle of treatment. Six additional patients 
were added at the defined MTD to fully evaluate any toxicity 
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at this level. Treatment schedule and dose-escalation levels 
are shown in Fig. 1.

Treatment and evaluation

PEG-LD (Duomeisu) was provided by CSPC Ouyi Pharma-
ceutical Co., Ltd. PEG-LD was administered as a 90-min 
intravenous (i.v.) infusion on day 1. Cisplatin was adminis-
tered at 25 mg/m2/d on day 1–4. Prophylactic recombinant 
human granulocyte colony-stimulating factor (rhG-CSF) was 
administered subcutaneously (48 h after chemotherapy) at 
a dose of 150 ug/d for 5 days. The treatment was repeated 
every 3 weeks. Patients were monitored for toxicity in each 
cycle. Hematological toxicity was monitored with at least 
complete blood counts, differential counts twice a week, and, 
in case of grade 3–4 toxicity, daily counts until recovery. 
Blood chemistries as well as a detailed toxicity questionnaire 
and a physical examination were performed before each 
cycle. To detect potential cardiotoxicity, electrocardiograms 
(ECG) and markers of myocardial injury were performed 
before and after each cycle of chemotherapy. Cardiac func-
tion (left ventricular ejection fraction (LVEF) measurement) 
was monitored by echocardiogram at baseline and after the 
second cycle of treatment. Toxicities were graded according 
to the Common Terminology Criteria for Adverse Events 
(CTCAE) version 4.0.

Although the major thrust of a phase I study is to evalu-
ate dose-ranging experience and the toxicity observed, an 
attempt was made to evaluate the efficacy of this drug com-
bination in this patient population. Patients received CT or 
MRI examination at baseline and after 2 cycles of treatment. 
Tumor response was assessed according to the RECIST 1.1 
criteria.

Statistical analysis

The primary objective of this trial was to define MTD of 
PEG-LD in combination with cisplatin, based on the DLTs 
observed during the first cycle of treatment. Secondary 
objective were to explore the antitumor activity, in terms 
of objective response rate, and to assess the safety profile 
of two cycles of combination therapy, especially cardiac 
toxicity. The MTD was considered to have been reached 
if two patients at the same dose level experienced DLTs. 
Toxicity in relationship to dose-escalation patterns was 
assessed through the use of descriptive statistics. Categori-
cal variables were reported as the frequency ratio. Quantita-
tive variables were represented by median values, as well as 
minimum and maximum values. Differences in demographic 
and clinical variables of two groups were tested using the 
Fisher’s exact test. A difference of 0.05 was considered sig-
nificant in all analyses.

Fig. 1   Flow chart of the dose 
escalation of PLD and treatment 
dose received by the patients. 
PLD pegylated liposome 
doxorubicin, DLT dose-limiting 
toxicity, MTD maximum toler-
ated dose
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Results

Patient characteristics

Between December 2018 and November 2019, a total of 
15 patients were enrolled into the study. Demographic and 
clinical characteristics of these patients are summarized in 
Table 1 and Supplementary table 1. There were five women 
and ten men and the median age was 20 years (ranging from 
14 to 43). One patient at dose level 1 did not perform hema-
tological assessment according to the protocol in the second 
cycle of the treatment. This patient was included in all analy-
ses. Nine patients had received prior doxorubicin contained 
adjuvant chemotherapy and six patients were chemotherapy 
naïve. The tumors originated from the long bones of the 
lower limbs in nine patients. Two cases originated from 
upper limbs, and the other four from the trunk or skull. All 
the patients had metastatic tumors, 12 with lung metastases 
and 3 with lymph nodes metastases.

Treatment and toxicity

In the first cycle of the treatment, no evidence of hemato-
logical or non-hematological DLTs occurred in patients at 
dose level 1 or level 2. DLT was observed in two consecutive 

patients enrolled at dose level 3, both showing neutropenic 
fever accompanied by grade 3 stomatitis. Thus, the third 
patient was not included in this dose level. The MTD was 
reached at dose level 2 and a further 6 patients were enrolled 
to fully evaluate the possible toxicities. Of the additional six 
patients at dose level 2, one patient developed DLT (grade 
4 thrombocytopenia lasting for 4 days). The treatment dose 
and the occurrence of DLTs are detailed in Table 2.

Treatment-related toxicity is summarized in Table 3. 
The main treatment-related toxicity was myelosuppression. 
Grade 3–4 hematological toxicity was neutropenia (11/15), 
leucopenia (9/15), thrombocytopenia (6/15) and anemia 
(2/15). There were two patients who experienced febrile neu-
tropenia, both in PEG-LD 60 mg/m2 group. The nadir time 
to leukopenia and neutropenia was approximately 2 weeks 
after treatment initiation. All the nine patients receiving 
PEG-LD 50 mg/m2 experienced hematological toxicity, of 
which the grade 3 toxicity was leukopenia (4/9), neutro-
penia (4/9) and thrombocytopenia (1/9). In addition, two 
patients in PEG-LD 50 mg/m2 group experienced grade 4 
neutropenia, one accompanied with grade 4 leukopenia and 
the other with grade 4 thrombocytopenia. Non-hematologic 
toxicity mainly included hypoproteinemia, nausea/vomiting, 
sinus arrhythmia and stomatitis. No hand-foot syndrome was 
observed in this study. One patient experienced infusion 
reaction manifested as dyspnea and facial flushing at the 
initiating phase of the first cycle of PEG-LD infusion, which 
was relieved after antihistamine and short-acting corticoster-
oid, and reinfused at a slower rate. The ECG follow-up 24 h 
after chemotherapy indicated that there were four patients 
with sinus arrhythmia without clinical symptoms, recovering 
in a short time. Treatment-related reduction in LVEF was 
not observed by echocardiography (Supplementary table 2). 
Except for two patients in the PLD 60 mg/m2 group who 
had grade 3 oral mucocitis, all the other non-hematological 
toxicities were mild and recovered quickly.

Table 1   Baseline characteristics of patients

ECOG PS Eastern Cooperative Oncology Group performance status

Characteristics Number

Patients enrolled 15
Median age [range], years 20 (14–43)
Sex
 Male 10
 Female 5

ECOG PS
 0 4
 1 11

Prior chemotherapy
 No 6
 Yes 9

Prior exposure
 Doxorubicin 9
 Cisplatin 8

Anatomical site of primary lesion
 Lower limbs 9
 Upper limbs 2
 Trunk and skull 4

Site of metastasis
 Lung 12
 Lymph nodes 3

Table 2   Dose-escalation levels, number of patients enrolled, and 
dose-limiting toxicities (DLTs) observed

MTD maximum tolerated dose

Dose level Number DLTs

Number Type

Level 1 (40 mg/m2) 4 0 –
Level 2 (50 mg/m2) 3 0 –
Level 3 (60 mg/m2) 2 2 Febrile 

neutro-
penia, 
Stoma-
titis

Additional patients in 
MTD (50 mg/m2)

6 1 Thrombo-
cytope-
nia
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Response

After two cycles of treatment, all patients were evaluable 
for response (Table 4, Supplementary table 3). One partial 
response (PR) and one complete response (CR) have been 
observed at dose level 1. The CR case was observed in a 
patient who presented only two lung metastasis sites. The 
PR case was observed in a patient who was newly diagnosed 
as osteosarcoma of the right mandible, and whose tumor 
burden was shrank by 31.7% after two cycles of combina-
tion chemotherapy. At dose level 2, six of nine patients were 
stable disease (SD) as best response. Both patients at dose 
level 3 showed stable disease. The overall response rate and 

the disease control rate was 13.3% and 66.7%, respectively, 
for the whole cohort. All the six patients who had not been 
exposed to doxorubicin before enrollment showed clinical 
benefit (1 PR and 5 SD).

Discussion

Treatment of metastatic or recurrent osteosarcoma remains 
an important clinical challenge. Doxorubicin is an important 
therapeutic agent in this setting [6, 9], but cumulative dose-
dependent myocardial damage associated with doxorubicin 
may result in life-threatening toxicity and entail often a sig-
nificant dose compromise and even treatment interruption 
in responding patients. Thus, it is rational for the replace-
ment of conventional doxorubicin with PEG-LD, which has 
a markedly different toxicity profile. Compared with con-
ventional doxorubicin, PEG-LD has been demonstrated to 
have significantly less cardiac toxicity and a higher drug 
concentration in tumor tissues [12, 16, 17]. These features 
contribute to a better therapeutic index than with conven-
tional doxorubicin, as demonstrated by a randomized phase 
III trial suggesting non-inferior efficacy with PEG-LD, with 
significantly reduced risk of cardiac toxicity [16]. The less 
cardiac toxicity was also confirmed by endomyocardial biop-
sies in patients treated with high cumulative doses of PEG-
LD [17]. Moreover, PEG-LD was demonstrated to be well 
tolerated and active in patients pretreated with neoadjuvant 

Table 3   Treatment-related NCI 
CTCAE worst toxicity by dose 
levels

NCI CTCAE National Cancer Institute Common Terminology Criteria for Adverse Events, CK creatine 
kinase

Dose level Level 1
(40 mg/m2, n = 4)

Level 2
(50 mg/m2, n = 9)

Level 3
(60 mg/m2, n = 2)

Total
(n = 15)

Grade 1–2 3 4 1–2 3 4 1–2 3 4 1–2 3–4

Hematological toxicity
 Leucopoenia 1 1 1 4 4 1 0 0 2 5 9
 Neutropenia 0 2 1 2 4 2 0 0 2 2 11
 Thrombocytopenia 0 2 0 1 1 1 0 1 1 1 6
 Anemia 2 1 0 7 0 0 1 1 0 10 2
 Febrile neutropenia – – 0 – – 0 – – 2 0 2

Non-hematological toxicity
 Stomatitis 0 0 0 1 0 0 0 2 0 1 2
 Hand-foot syndrome 0 0 0 0 0 0 0 0 0 0 0
 Infusion reaction 1 0 0 0 0 0 0 0 0 1 0
 Sinus tachycardia 2 0 0 0 0 0 0 0 0 2 0
 Sinus bradycardia 0 0 0 1 0 0 1 0 0 2 0
 Nausea/vomiting 1 0 0 2 0 0 1 0 0 3 0
 Diarrhea 0 0 0 0 0 0 1 0 0 1 0
 Hypoproteinemia 1 0 0 2 0 0 1 0 0 4 0
 Hyperbilirubinemia 0 0 0 1 0 0 0 0 0 1 0
 Increased CK 2 0 0 0 0 0 0 0 0 2 0

Table 4   Clinical response

CR complete response, PR partial response, SD stable disease, PD 
progressive disease, ORR objective response rate, DCR disease con-
trol rate

Parameter 40 mg/m2

(n = 4)
50 mg/m2

(n = 9)
60 mg/m2

(n = 2)
Total
(n = 15)

Doxoru-
bicin naïve 
(n = 6)

CR 1 0 0 1 0
PR 1 0 0 1 1
SD 0 6 2 8 5
PD 2 3 0 5 0
ORR (%) 50 0 0 13.3 16.7
DCR (%) 50 66.7 100 66.7 100
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or adjuvant anthracyclines [18, 19]. However, there is still 
a lack of research on the safety and efficacy of PEG-LD in 
osteosarcoma.

In this phase I study, we investigated the feasibility of 
combination chemotherapy with PEG-LD–cisplatin in 
advanced osteosarcoma patients. To our knowledge, this 
study is the first to evaluate the safety and efficacy of PEG-
LD in osteosarcoma. We found that PEG-LD 50 mg/m2 and 
cisplatin 100 mg/m2 every 3 weeks with growth factor sup-
port represent the MTD as first-line treatment in un-resecta-
ble or recurrent osteosarcoma patients regardless of whether 
or not receiving prior doxorubicin. This combination showed 
clinical activity with manageable toxic effects. The main 
DLTs were a combination of stomatitis and febrile neutro-
penia, both of which appeared in PEG-LD 60 mg/m2 dose 
level. At the MDT dose level, nine patients were treated; 
only one patient developed DLT, which was grade 4 throm-
bocytopenia. More attention, the recommended MDT dose 
should be used carefully in the older patients since most 
patients included in this study are young with a median age 
of 20 years.

The most common reported treatment-related adverse 
events with PEG-LD were myelosuppression, palmar-plantar 
erythrodysesthesia (PPE) and stomatitis [20, 21]. The main 
toxicity of cisplatin is nephrotoxicity and vomiting. In the 
present study, a relatively higher rate of grade 3/4 neutro-
penia and thrombocytopenia was observed although granu-
locyte stimulating factors were used after chemotherapy. 
However, the time of recovering from severe neutropenia 
was relatively short and, in all cases, within 7 days. Never-
theless, we should pay more attention to the possibility of a 
synergistic myelosuppressive effect of PEG-LD combined 
with cisplatin. Three patients (3/15) developed treatment-
related stomatitis, of which two cases were grade 3, both at 
PEG-LD 60 mg/m2 dose level, and the other one is mild at 
PEG-LD 50 mg/m2 dose level. This is similar to previous 
reports [21]. Some studies have also shown that the inci-
dence and severity of mucositis are higher when the PEG-
LD dose exceeds the level of 60 mg/m2 [22]. Conversely, no 
PPE was observed in the present study. This is probably due 
to the low cumulative doses of the drug administered and 
short observation time. It is reported that PPE mostly occurs 
after 2–3 cycles of medication [23]. Besides, an accelerated 
clearance of PEG-LD in patients receiving the cisplatin-
PEG-LD combination was reported [21], which may be 
another explanation of the low incidence of PPE observed 
in this study. An important and encouraging observation of 
the present study was that many patients in this study were 
previously treated with conventional anthracycline, none of 
them developing significant cardiotoxicity, which suggests 
the fact that PEG-LD has lower cardiotoxicity. However, a 
longer follow-up time is needed to evaluate the cardiotoxic-
ity exactly.

In this trial, clinical benefit was observed in the majority 
of the patients regardless of whether or not receiving prior 
doxorubicin. The efficacy of PEG-LD in osteosarcoma is 
rarely studied. The efficacy of PEG-LD (Doxil) 55 mg/m2 
every 4 weeks in patients with sarcoma was evaluated in a 
phase II trial, which included six previously treated osteosar-
comas [10]. Of them, two patients achieved a minor response 
for 3 months, and one had SD for 11 months [10]. Limited 
by the small sample size and the complexity of baseline con-
ditions, the efficacy of this regimen in osteosarcoma needs 
to be further verified. Nevertheless, these results collectively 
indicate that PEG-LD is active in osteosarcoma patients.

In conclusion, this phase I dose-escalation trial provided 
the data showing that the PEG-LD–cisplatin combination 
is well tolerated in patients with osteosarcoma. The drugs 
could be combined safely at doses close to the recommended 
monotherapy dose. The antitumor activity and cumulative 
tolerance merit further evaluation in phase II and III clini-
cal trials.
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