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Abstract: Objective: To evaluate the effects of ifosfamide combined with liposome doxorubicin on osteosarcoma 
(OS) and its effects on serum IL-10, TNF-α, and IFN-γ in patients with OS. Methods: A total of 86 patients with OS 
who received chemotherapy in Honghui Hospital, Xi’an Jiaotong University from Jan. 2017 to Dec. 2019 were en-
rolled. Patients treated by conventional doxorubicin + ifosfamide were assigned to the regular group (n=40). Others 
treated by liposome doxorubicin + ifosfamide were assigned to the research group (n=46). The clinical efficacy, 
2-year survival rate, and adverse reactions of the two groups were evaluated and compared. ELISA was adopted 
for quantification of tumor specific growth factor (TSGF), vascular endothelial growth factor (VEGF), erb-b2 receptor 
tyrosine kinase 3 (ERBB3), tumor necrosis factor-α (TNF-α), interferon-gamma-γ (IFN-γ), and interleukin-10 (IL-10). 
The EORTC Quality of Life Questionnaire (QLQ-C30) was adopted to evaluate a patient’s life quality. Results: The re-
search group showed a higher total effective rate and a higher 2-year survival rate than the regular group, but lower 
incidences of liver and kidney function injury, thrombocytopenia, and cardiotoxicity than the regular group. After 
therapy, lower levels of serum TSGF, VEGF, ERBB3, and TNF-α were found in the research group than those in the 
regular group. Higher levels of IFN-γ and IL-10 were found in the former than those in the latter. The research group 
got higher scores of QLQ-C30 than the regular group. Conclusion: Liposome doxorubicin + ifosfamide can improve 
the clinical efficacy on patients with OS and improve their recovery and life quality.
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Introduction

As a primary malignant bone tumor originated 
from mesenchymal tissue, osteosarcoma (OS) 
is the most common tumor among children and 
adolescents [1]. OS is relatively rare, but still 
has over 20,000 new cases each year in China 
[2]. Surgery is the primary treatment for OS, but 
the postoperative recurrence and metastasis 
are still high. The 5-year survival rate, lower 
than 30%, is far from satisfactory [3, 4]. For 
metastatic or locally unresectable cases, che-
motherapy is the major treatment option, but 
there lacks a standard chemotherapy scheme 
[5].

Many first-line chemotherapy drugs are avail-
able for OS, including cisplatin, methotrexate, 

ifosfamide, and adriamycin [6]. Most clinical 
chemotherapy schemes are developed based 
on methotrexate. Long-term use of methotrex-
ate in large doses exerts serious toxic and side 
effects. These can trigger severe liver and kid-
ney injury, oral mucositis, bone marrow sup-
pression, and digestive tract injury, compromis-
ing the life quality of patients [7-9]. Ifosfamide 
is a cell-cycle-phase nonspecific anti-tumor 
drug. As an alkylating agent, it can be hydro-
lyzed by phosphoramidase in the human body 
into a phosphoramide nitrogen mustard and 
play an anti-tumor role [10]. Doxorubicin, also 
known as adriamycin, can fight tumors by inhib-
iting the synthesis of DNA, RNA, and protein in 
tumor cells, but it exerts strong toxic and side 
effects [11]. Doxorubicin and ifosfamide have 
been used for the treatment of osteosarcoma 
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for decades. There is controversy over whether 
doxorubicin or a combination of doxorubicin 
and ifosfamide should be routinely used. Pre- 
vious studies have shown that ifosafamide 
combined with doxorubicin can provide a better 
response rate and median progression-free 
survival for patients with soft tissue sarcoma 
than doxorubicin alone, but it can also bring 
more toxic side effects [12]. Liposome doxoru-
bicin is a new type of doxorubicin drug, which 
retains the broad-spectrum anti-tumor effect of 
ordinary doxorubicin while having a lighter drug 
toxicity [13]. We believe that the treatment of 
osteosarcoma patients with liposome doxorubi-
cin combined with ifoshamide can improve the 
therapeutic effect without causing unaccept-
able toxic and side effects. The mechanism for 
the development and progression of OC has  
not been fully clarified. The imbalance of in- 
flammatory regulation is considered one of the 
main factors [14].

In this retrospective study, we analyzed the 
clinical data of 86 patients with OS treated by 
ifosfamide combined with liposome doxorubi-
cin to evaluate its short-term efficacy, safety, 
and the changes of serum inflammatory cy- 
tokines.

Materials and methods

Research subjects

In this retrospective study, the clinical data  
of 86 patients with OS who received chemo-
therapy in the Honghui Hospital, Xi’an Jiaotong 
University from Jan. 2017 to Dec. 2019 were 
analyzed. Patients treated by conventional 
doxorubicin + ifosfamide were assigned to  
the regular group (n=40). Other patients treat-
ed by liposome doxorubicin + ifosfamide were 
assigned to the research group (n=46) based 
on treatment methods. The inclusion criteria: 
Patients confirmed with OS by medical imag- 
ing and histopathological examination; patients 
who met the requirements of chemotherapy; 
patients whose estimated survival time was ≥6 
months; and patients with Eastern Cooperative 
Oncology Group (ECOG) score ≤1, and Karno- 
fsky Performance Scale (KPS) score ≥70 po- 
ints. The exclusion criteria: Patients with other 
comorbid bone tumors, bone metastasis of 
other malignant tumors or bone tuberculosis; 
patients complicated with severe osteoporos- 
is; patients with contraindications to drugs ad- 

opted in this study; patients with serious dis-
eases in important organs of the body; pa- 
tients with loss of consciousness, mental dis-
ease or communication obstacle; patients who 
had not received any anti-tumor treatment 
within 4 weeks; patients who voluntarily gave 
up treatment or could not be contacted half-
way; and pregnant or lactating women. This 
study was conducted with approval from the 
Ethics Committee of Honghui Hospital, Xi’an 
Jiaotong University. Informed consent forms 
were obtained from all patients and their fami-
lies after they were apprised of the study.

Treatment

Patients in the regular group were administer- 
ed doxorubicin + ifosfamide. Specifically, ifos-
famide (Jiangsu Heng Rui Pharmaceutical Co., 
Ltd., State Food and Drug Administration (SFDA) 
approval number: H10950292) was intrave-
nously injected into each patient at 1.5 g/m2. 
One course consisted of 5 days of continuous 
treatment and 3 consecutive weeks without 
medication. Doxorubicin hydrochloride (Zhe- 
jiang Hisun Pharmaceutical Co., Ltd., SFDA 
approval number: H33021979) was intrave-
nously injected into the patient at 60-75 mg/
m2. Another course consisted of 3 days of con-
tinuous treatment and 3 consecutive weeks 
without medication. Each patient was treated 
for 6 continuous courses.

Patients in the research group were adminis-
tered liposome doxorubicin combined with ifos-
famide. The usage and dosage of ifosfamide 
were the same as those of the regular group. 
Liposome doxorubicin injection (Shanghai Fu- 
dan Zhangjiang Biomedical Co., Ltd., SFDA 
approval number: H20084432) was intrave-
nously administered at 50 mg/m2. One course 
consisted of 3 days of continuous treatment 
and 3 consecutive weeks without medication. 
Each patient was also treated for 6 courses.

Outcome measures

ECOG performance status and KPS score: The 
KPS score [15] was used to evaluate the func-
tional status of patients before and after treat-
ment. The total score is 0-100. The higher the 
score was, the better the functional status. The 
ECOG score [16] was used to evaluate the phys-
ical condition of patients before and after treat-
ment. The total score is 0-5, and the score is in 
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reverse proportion to the physical condition of 
the patient.

Clinical efficacy: After therapy, the clinical effi-
cacy was evaluated based on the Response 
Evaluation Criteria in Solid Tumors (RECIST, ver-
sion 1.1) [17]. This was classified into complete 
remission (CR), partial remission (PR), stable 
disease (SD), and progressive disease (PD). 
The total effective rate = the number of patients 
with CR and that of patients with PR/the total 
number of patients ×100%.

Adverse reactions: Adverse reactions, including 
myelosuppression, liver and kidney function 
injury dermatitis, diarrhea, vomiting, dry mouth, 
sore throat, leucopenia, and thrombocytope-
nia, of the two groups during therapy were 
recorded.

Quality of life: The EORTC Quality of Life Ques- 
tionnaire (QLQ-C30) [18] was used to evaluate 
the quality of life of patients, covering body, 
role, emotion, cognition, and social activity. A 
higher score indicated a better quality of life.

Tumor markers and inflammatory factors: Co- 
rresponding ELISA kits (Wuhan Elisalab bio-
technology Co., Ltd.) were adopted to deter-
mine the levels of serum tumor specific grow- 
th factor (TSGF; Cat. No. SP10390), vascular 
endothelial growth factor (VEGF; Cat. No. JYM- 
0103Hu), erb-b2 receptor tyrosine kinase 3 
(ERBB3; Cat. No. JP30246), tumor necrosis 
factor-α (TNF-α; Cat. No. JYM0110Hu), in- 
terferon-gamma-γ (IFN-γ; Cat. No. JYM0162Hu), 
and interleukin-10 (IL-10; Cat. No. JYM0155Hu). 
The TSGF ELISA kit was purchased from Wuhan 
Saipei Biotechnology Co., Ltd., China. The other 
ELISA kits were all from Wuhan ColorfulGene 
Biological Technology Co., Ltd., China. Before 
therapy and on the first day after therapy, 3 ml 
fasting peripheral venous blood was sampled 
from each patient in the two groups in the 
morning, followed by 15 min centrifugation 
(1,000×g, 4°C) for supernatant collection. 
Afterwards, standard and test samples were 
prepared under the instructions of ELISA kits. 
They were then transferred to corresponding 
plates, followed by 30 min incubation (37°C). 
The plates were washed with washing liquid. 
Then, the incubation was carried out for anoth-
er 30 min after each well was added with 
enzyme-labeled reagent. After washing, chro-
mogenic reagent was added into each well, fol-
lowed by 15 min incubation and addition of 
stop solution into each well.

Follow-up: A 2-year follow-up was conducted  
in the two groups by outpatient service, tele-
phone call, and visit once every month. Based 
on the follow-up results, a 2-year overall sur-
vival (OS) curve was established for the pa- 
tients. OS was defined as the period from the 
starting of therapy to the death of the patient or 
the date of the last follow-up.

Statistical analyses

SPSS 18.0 (EASYBIO Company) was adopted 
for statistical analyses of data, and GraphPad 
Prism 7 was adopted for drawing of correspond-
ing figures. The chi-square test was adopted for 
inter-group comparison of counting data [n (%)]. 
The inter-group comparison of measured data  
(
_
x±sd) was conducted using the independent-

samples T test. The intra-group comparison 
was conducted using the paired-t test. The 
Kaplan-Meier method was used to draw the OS 
curve of patients based on the 2-year follow-up. 
The Log-rank test was used to analyze the dif-
ference between the two groups in survival. 
P<0.05 implied a remarkable difference.

Results

Comparison of general data

No notable difference was found between the 
two groups in general data including gender, 
age, weight, KPS score, Enneking stage, ECOG 
score, and tumor location (all P>0.05, Table 1).

Clinical efficacy

According to the evaluation results of clinical 
efficacy on the two groups, the regular group 
showed a total effective rate of 65.00%, with 
10 cases of CR (25.00%), 16 cases of PR 
(40.00%), 10 cases of SD (25.00%), and 4 
cases of PD (10.00%). The research group 
showed a total effective rate of 84.78%, with 
18 cases of CR (39.15%), 21 cases of PR 
(45.65%), 5 cases of SD (10.87%), and 2 cases 
of PD (4.35%). The research group presented a 
higher total effective rate than the regular 
group (P<0.05, Table 2).

Adverse reaction

During the therapy, all patients tolerated the 
drugs, without drug allergy. No notable differ-
ence was found between the two groups in the 
incidences of bone marrow suppression, sto-
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matitis, diarrhea, and vomiting during therapy 
(all P>0.05). The research group showed lower 
incidences of liver and kidney function injury, 
thrombocytopenia, and cardiotoxicity than the 
regular group (all P<0.05) (Table 3).

Serum tumor markers

Serum VEGF, TSGF, and ERBB3 levels were de- 
tected by ELISA. It was found that there were no 

The 2-year OS curve of the two groups revealed 
a higher 2-year OS rate in the research group 
than that in the regular group (P=0.041, log-
rank test, Figure 4).

Discussion

Chemotherapy is the primary treatment for OS. 
Many chemotherapy drugs are available, but 
there lacks a standard treatment scheme [19]. 

Table 1. Comparison of general data ([n (%)], 
_
x±sd)

Group Regular group 
(n=40)

Research group 
(n=46) χ2/t P-value

Gender 0.360 0.549
    Female 14 (35.00) 19 (41.30)
    Male 26 (65.00) 27 (58.70)
Age (Y) 38.88±18.30 37.30±20.34 0.376 0.708
Average weight (kg) 71.05±9.18 72.45±8.68 0.726 0.470
KPS score 82.41±4.64 82.55±4.86 1.303 0.195
Enneking staging 0.806 0.369
    IIB 26 (65.00) 34 (73.91)
    Stage III 14 (35.00) 12 (26.09)
ECOG score 0.934 0.334
    0 18 (45.00) 16 (34.78)
    1 22 (55.00) 30 (65.22)
Tumor site 0.055 0.973
    Femur 29 (72.50) 34 (73.91)
    Tibia 5 (12.50) 5 (10.87)
    Others 6 (15.00) 7 (15.22)

Table 2. Comparison of clinical efficacy [n (%)]

Group Regular group 
(n=40)

Research group 
(n=46) χ2 P

CR 10 (25.00) 18 (39.15) 1.946 0.163
PR 16 (40.00) 21 (45.65) 0.279 0.598
SD 10 (25.00) 5 (10.87) 2.967 0.085
PD 4 (10.00) 2 (4.35) 1.053 0.305
Total effective rate 26 (65.00) 39 (84.78) 4.537 0.033

Table 3. Comparison of the incidences of toxic and side reaction  
[n (%)]

Group Regular 
group (n=40)

Research 
group (n=46) χ2 P

Myelosuppression 4 (10.00) 3 (6.52) 0.346 0.556
Liver and kidney function injury 7 (17.50) 2 (4.35) 3.950 0.047
Stomatitis 8 (20.00) 3 (6.52) 3.484 0.062
Diarrhea and vomiting 18 (45.00) 15 (32.61) 1.389 0.239
Thrombocytopenia 10 (25.00) 4 (8.70) 4.173 0.041
Cardiac toxicity 8 (20.00) 2 (4.35) 5.101 0.024

significant differences in 
serum VEGF, TSGF, and ER- 
BB3 levels between the two 
groups before therapy (all 
P>0.05). After therapy, se- 
rum VEGF, TSGF, and ERBB3 
levels were decreased in 
both groups, with lower lev-
els in the research group 
compared with the regular 
group (all P<0.05, Figure 1).

Life quality

The QLQ-C30 was used to 
evaluate the life quality of 
patients. The two groups 
showed no remarkable dif-
ference in scores of QLQ-
C30 before therapy (all 
P>0.05), but the scores of 
QLQ-C30 in both groups 
greatly increased after ther-
apy, with higher scores in 
the research group than th- 
ose in the regular group (all 
P<0.05, Figure 2).

Inflammatory factors

According to quantification 
results of serum IL-10, TNF-
α, and IFN-γ by ELISA, the 
two groups showed no sta-
tistical difference before 
therapy (all P>0.05). After 
therapy, the TNF-α level in 
both groups decreased and 
the levels of IFN-γ and IL-10 
increased, with lower serum 
TNF-α level and higher lev-
els of IFN-γ and IL-10 in the 
research group than those 
in the regular group (all 
P<0.05, Figure 3).

Two-year survival rate
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Figure 1. Serum tumor markers. A: Comparison of serum VEGF between the two groups before and after therapy. 
B: Comparison of serum TSGF between the two groups before and after therapy. C: Comparison of serum ERBB3 
between the two groups before and after therapy. Notes: *indicates P<0.05 in intro-group comparison before and 
after therapy; #indicates P<0.05 vs. the regular group during the same period.

Figure 2. Comparison of life quality between two groups after therapy. A: Comparison of body scores between the 
two groups before and after therapy. B: Comparison of role scores between the two groups before and after therapy. 
C: Comparison of emotion scores between the two groups before and after therapy. D: Comparison of cognition 
scores between the two groups before and after therapy. E: Comparison of society scores between the two groups 
before and after therapy. Notes: *indicates P<0.05 in intro-group comparison before and after therapy; #indicates 
P<0.05 vs. the regular during the same period.

Liposome doxorubicin is a novel form of doxoru-
bicin coated with liposome and modified by 
polyethylene glycol, with advantages of high 
curative effect and low toxicity [20]. Ifosfamide 
is an alkylating agent, without activity in vitro, 
but with an ideal anti-tumor function in vivo. It 
is usually adopted in the therapy of lung cancer, 
mastadenoma, and OS [21-23]. In our study, 
the research group showed a higher total effec-

tive rate and higher 2-year OS than the regular 
group. This indicated that ifosfamide combined 
with liposome doxorubicin was more effective 
than its combination with ordinary doxorubicin 
in the therapy of OS.

Chemotherapy can trigger side effects in differ-
ent degrees, including oral mucosal disease, 
pain, fatigue, and dysphagia. These compro-
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mise the life quality of the patients and even 
threaten their life in severe cases. This study 
recorded adverse reactions in the two groups 
during therapy and found lower incidences of 
liver and kidney function injury, thrombocytope-
nia, and cardiotoxicity in the research group 
than those in the regular group. With the devel-
opment of oncology medicine, the survival rate 
of OS patients has been greatly improved, mak-
ing life quality important. It is necessary to 
guarantee the life quality of patients while pro-
longing their survival time. In our study, the life 
quality of the two groups was evaluated. The 
research group received higher scores in body, 
role, emotion, cognition, and society than the 
regular group after therapy.

Angiogenesis is a necessary step in tumor 
development, during which VEGF and its re- 
ceptor (VEGFR) are irreplaceable [24]. Related 
studies have revealed that a higher serum 
VEGF level in OS patients indicated a more 

unfavorable prognosis [25]. TSGF is a tumor 
marker secreted by tumor cells during cell for-
mation and growth, which can promote the  
formation, growth, and even metastasis of 
tumors [26]. ERBB3 is a part of the ErbB re- 
ceptor family and a transmembrane tyrosine 
kinase receptor [27]. Prior research has re- 
vealed increased ERBB3 in various tumors 
including OS and the association of its high 
expression with the short survival rate of OS 
patients [28-30]. In our study, serum VEGF, 
TSGF, and ERBB3 in both groups declined after 
therapy, with lower levels in the research group 
compared with the regular group. The results 
indicated that liposome doxorubicin combined 
with ifosfamide can significantly inhibit the 
growth of OS cells and prevent the disease 
from exacerbation.

The imbalance of inflammation regulation is a 
sign of tumor development [14]. Inflammation 
can activate various carcinogenic processes 
and eventually trigger tumor progression and 
metastasis, such as increased tumor angiogen-
esis, chemotherapy resistance, and immuno-
suppression [31]. As a factor mainly produced 
by activated Th cells and NK cells, IFN-γ can 
stimulate the immune system to secrete many 
immune cytokines, resulting in the death or 
growth inhibition of tumor cells [32, 33]. TNF-α, 
mainly secreted by macrophages, is involved in 
inflammatory reaction and immune reaction, 
which shows an elevation in tumor patients 
[34, 35]. IL-10 is a multi-functional cytokine 
from multi-cell sources, which is involved in 
inflammatory response and immune response 
and recognized as an inflammatory and immu-

Figure 3. Inflammatory factors. A: Comparison of serum IFN-γ between the two groups before and after therapy. B: 
Comparison of serum TNF-α between the two groups before and after therapy. C: Comparison of serum IL-10 be-
tween the two groups before and after therapy. Notes: *indicates P<0.05 in intro-group comparison before and after 
therapy; #indicates P<0.05 vs. the regular group during the same period.

Figure 4. 2-year survival of the two groups.
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nosuppressive factor [36]. In our study, after 
therapy, a lower serum TNF-α level and higher 
levels of IFN-γ and IL-10 were found in the 
research group than those in the regular group. 
The results imply the positive effect of lipo-
some doxorubicin combined with ifosfamide on 
inflammatory response and immune response 
of OS patients.

There are some deficiencies in this study. The 
small sample size may lead to inevitable selec-
tion bias or measured bias, which may weaken 
the relative reliability of the research results. 
Due to time constraints, patients were only fol-
lowed up for 2 years. A longer-term is needed  
to completely understand the outcomes of the 
patients. Although the levels of TSGF, VEGF, 
ERBB, IL-10, TNF-α, and IFN-γ in serum of 
patients were significantly changed after treat-
ment in this study, the specific mechanism  
of their changes has not been further explored. 
It is hoped that these limitations can be 
addressed by more in-depth research in the 
future.

To sum up, liposome doxorubicin combined 
with ifosfamide can contribute to higher clini- 
cal efficacy and a higher survival rate for OS 
patients, with fewer adverse reactions, and  
promote the recovery of their inflammation and 
immune function, to be popularized in clinical 
practice.

Disclosure of conflict of interest

None.

Address correspondence to: Wenxing Yu, Depart- 
ment of Joint Surgery, Honghui Hospital, Xi’ an 
Jiaotong University, No. 555, Youyi East Road, Beilin 
District, Xi’an 710054, Shaanxi, China. Tel: +86-
18502958996; E-mail: yuwenxing110@163.com

References

[1] Zhang B, Zhang Y, Li R, Li J, Lu X and Zhang Y. 
The efficacy and safety comparison of first-line 
chemotherapeutic agents (high-dose metho-
trexate, doxorubicin, cisplatin, and ifosfamide) 
for osteosarcoma: a network meta-analysis. J 
Orthop Surg Res 2020; 15: 51.

[2] Tian Z, Liu H, Zhang F, Li L, Du X, Li C, Yang J 
and Wang J. Retrospective review of the activi-
ty and safety of apatinib and anlotinib in pa-
tients with advanced osteosarcoma and soft 
tissue sarcoma. Invest New Drugs 2020; 38: 
1559-1569.

[3] Ding L, Sun R, Yan Q, Wang C, Han X, Cui Y, Li R 
and Liu J. MiR-506 exerts antineoplastic ef-
fects on osteosarcoma cells via inhibition of 
the Skp2 oncoprotein. Aging (Albany NY) 2021; 
13: 6724-6739.

[4] Wang B, Hong Z, Zhao C, Bi Q, Yuan J, Chen J 
and Shen Y. The effects of MEX3A knockdown 
on proliferation, apoptosis and migration of os-
teosarcoma cells. Cancer Cell Int 2021; 21: 
197.

[5] Zhao X, Wu Q, Gong X, Liu J and Ma Y. Osteo-
sarcoma: a review of current and future thera-
peutic approaches. Biomed Eng Online 2021; 
20: 24.

[6] Marec-Berard P, Laurence V, Occean BV, Ray-
Coquard I, Linassier C, Corradini N, Collard O, 
Chaigneau L, Cupissol D, Kerbrat P, Saada-
Bouzid E, Delcambre C, Gouin F, Guillemet C, 
Jimenez M, Lervat C, Gaspar N, Le Deley MC, 
Brugieres L and Piperno-Neumann S. Metho-
trexate-etoposide-ifosfamide compared with 
doxorubicin-cisplatin-ifosfamide chemothera-
py in osteosarcoma treatment, patients aged 
18-25 years. J Adolesc Young Adult Oncol 
2020; 9: 172-182.

[7] Valer JB, Curra M, Gabriel AF, Schmidt TR, Fer-
reira MBC, Roesler R, Evangelista JMC, Mar-
tins MAT, Gregianin L and Martins MD. Oral 
mucositis in childhood cancer patients receiv-
ing high-dose methotrexate: prevalence, rela-
tionship with other toxicities and methotrexate 
elimination. Int J Paediatr Dent 2021; 31: 238-
246.

[8] Zhou B, Xia X, Wang P, Chen S, Yu C, Huang R, 
Zhang R, Wang Y, Lu L, Yuan F, Tian Y, Fan Y, 
Zhang X, Shu Y, Zhang S, Bai D, Wu L, Xu H and 
Yang L. Induction and amelioration of metho-
trexate-induced gastrointestinal toxicity are re-
lated to immune response and gut microbiota. 
EBioMedicine 2018; 33: 122-133.

[9] Gaspar N, Occean BV, Pacquement H, Bompas 
E, Bouvier C, Brisse HJ, Castex MP, Cheurfa N, 
Corradini N, Delaye J, Entz-Werle N, Gentet JC, 
Italiano A, Lervat C, Marec-Berard P, Mascard 
E, Redini F, Saumet L, Schmitt C, Tabone MD, 
Verite-Goulard C, Le Deley MC, Piperno-Neu-
mann S and Brugieres L; SFCE (Société Fran-
çaise des Cancers de l’Enfant et l’adolescent); 
GSF-GETO (Groupe Sarcome Français); UNI-
CANCER sarcoma group. Results of methotrex-
ate-etoposide-ifosfamide based regimen (M-
EI) in osteosarcoma patients included in the 
French OS2006/sarcome-09 study. Eur J Can-
cer 2018; 88: 57-66.

[10] Palmerini E, Setola E, Grignani G, D’Ambrosio 
L, Comandone A, Righi A, Longhi A, Cesari M, 
Paioli A, Hakim R, Pierini M, Marchesi E, Vanel 
D, Pignochino Y, Donati DM, Picci P and Ferrari 
S. High dose ifosfamide in relapsed and unre-



Drug treatment of osteosarcoma

1295 Am J Transl Res 2022;14(2):1288-1296

sectable high-grade osteosarcoma patients: a 
retrospective series. Cells 2020; 9: 2389.

[11] Luo P, Zhu Y, Chen M, Yan H, Yang B, Yang X 
and He Q. HMGB1 contributes to adriamycin-
induced cardiotoxicity via up-regulating au-
tophagy. Toxicol Lett 2018; 292: 115-122.

[12] Judson I, Verweij J, Gelderblom H, Hartmann 
JT, Schoffski P, Blay JY, Kerst JM, Sufliarsky J, 
Whelan J, Hohenberger P, Krarup-Hansen A, 
Alcindor T, Marreaud S, Litiere S, Hermans C, 
Fisher C, Hogendoorn PC, dei Tos AP and van 
der Graaf WT; European Organisation and 
Treatment of Cancer Soft Tissue and Bone Sar-
coma Group. Doxorubicin alone versus intensi-
fied doxorubicin plus ifosfamide for first-line 
treatment of advanced or metastatic soft-tis-
sue sarcoma: a randomised controlled phase 
3 trial. Lancet Oncol 2014; 15: 415-423.

[13] Liu Z, Yao W, Zhao Y, Liu O, Zhang P and Ge H. 
Efficacy and safety of anlotinib combined with 
liposomal doxorubicin followed by anlotinib 
maintenance in metastatic soft tissue sarco-
mas. Cancer Manag Res 2021; 13: 1009-
1016.

[14] Jin H, Jin X, Cao B and Wang W. Berberine af-
fects osteosarcoma via downregulating the 
caspase-1/IL-1beta signaling axis. Oncol Rep 
2017; 37: 729-736.

[15] Friendlander AH and Ettinger RL. Karnofsky 
performance status scale. Spec Care Dentist 
2009; 29: 147-148.

[16] Oh PJ. Predictors of cognitive decline in people 
with cancer undergoing chemotherapy. Eur J 
Oncol Nurs 2017; 27: 53-59.

[17] Eisenhauer EA, Therasse P, Bogaerts J, 
Schwartz LH, Sargent D, Ford R, Dancey J, Ar-
buck S, Gwyther S, Mooney M, Rubinstein L, 
Shankar L, Dodd L, Kaplan R, Lacombe D and 
Verweij J. New response evaluation criteria in 
solid tumours: revised RECIST guideline (ver-
sion 1.1). Eur J Cancer 2009; 45: 228-247.

[18] Aaronson NK, Ahmedzai S, Bergman B, Bull-
inger M, Cull A, Duez NJ, Filiberti A, Flechtner 
H, Fleishman SB, de Haes JC, et al. The Euro-
pean Organization for Research and Treatment 
of Cancer QLQ-C30: a quality-of-life instrument 
for use in international clinical trials in oncolo-
gy. J Natl Cancer Inst 1993; 85: 365-376.

[19] Yu D, Zhang S, Feng A, Xu D, Zhu Q, Mao Y, 
Zhao Y, Lv Y, Han C, Liu R and Tian Y. Metho-
trexate, doxorubicin, and cisplatinum regimen 
is still the preferred option for osteosarcoma 
chemotherapy: a meta-analysis and clinical 
observation. Medicine (Baltimore) 2019; 98: 
e15582.

[20] Wang XD, Guo B, Zhai B, Yang B, Fan H, Lu XC, 
Li SX and Zhu HL. Doxorubicin hydrochloride 
liposome-based CHOP regimen in the initial 

treatment of elderly patients with diffuse large 
B-cell lymphoma: a retrospective study. Zhong-
guo Shi Yan Xue Ye Xue Za Zhi 2021; 29: 1136-
1140.

[21] Wakamatsu T, Kakunaga S, Takenaka S, Outa-
ni H, Hamada K, Imura Y, Hori Y, Naka N, Ku-
dawara I, Yoshikawa H and Ueda T. Prognostic 
implication of adjuvant/neoadjuvant chemo-
therapy consisting of doxorubicin and ifos-
famide in patients with extraskeletal osteosar-
coma. Int J Clin Oncol 2019; 24: 1311-1319.

[22] Yang H, Ma Y, Liu Z, Wang Z, Han B and Ma L. 
Benefit from ifosfamide treatment in small-cell 
lung cancer: a meta-analysis. Mol Clin Oncol 
2015; 3: 420-424.

[23] Chen L, Waxman DJ, Chen D and Kufe DW. 
Sensitization of human breast cancer cells to 
cyclophosphamide and ifosfamide by transfer 
of a liver cytochrome P450 gene. Cancer Res 
1996; 56: 1331-1340.

[24] Liu S, Wu F, Zhang Y, Qin R, Zhu N, Li Y, Wang 
M, Zeng Q, Xie D, Li Y, Fan J and Han Y. Apatinib 
combined with radiotherapy enhances antitu-
mor effects in an in vivo nasopharyngeal car- 
cinoma model. Cancer Control 2020; 27: 
1073274820922553.

[25] Liu Y, Zhang F, Zhang Z, Wang D, Cui B, Zeng F, 
Huang L, Zhang Q and Sun Q. High expression 
levels of Cyr61 and VEGF are associated with 
poor prognosis in osteosarcoma. Pathol Res 
Pract 2017; 213: 895-899.

[26] Zhang Q, Dong G, Wang F and Ding W. Correla-
tion between the changes of serum COX 2, 
APE1, VEGF, TGF-beta and TSGF levels and 
prognosis in patients with osteosarcoma be-
fore and after treatment. J Cancer Res Ther 
2020; 16: 335-342.

[27] Kiavue N, Cabel L, Melaabi S, Bataillon G, Cal-
lens C, Lerebours F, Pierga JY and Bidard FC. 
ERBB3 mutations in cancer: biological as-
pects, prevalence and therapeutics. Oncogene 
2020; 39: 487-502.

[28] Zhao W, Zheng J, Wei G, Yang K, Wang G and 
Sun X. miR-148a inhibits cell proliferation and 
migration through targeting ErbB3 in colorec-
tal cancer. Oncol Lett 2019; 18: 2530-2536.

[29] Huang Z, Wang SL, Chen H, Shen RK, Li XD, 
Huang QS, Wu CY, Weng DF and Lin JH. Clinico-
pathological and prognostic values of ErbB re-
ceptor family amplification in primary osteosar-
coma. Scand J Clin Lab Invest 2019; 79: 
601-612.

[30] Hafeez U, Parslow AC, Gan HK and Scott AM. 
New insights into ErbB3 function and thera-
peutic targeting in cancer. Expert Rev Antican-
cer Ther 2020; 20: 1057-1074.

[31] Diakos CI, Charles KA, McMillan DC and Clarke 
SJ. Cancer-related inflammation and treat-



Drug treatment of osteosarcoma

1296 Am J Transl Res 2022;14(2):1288-1296

ment effectiveness. Lancet Oncol 2014; 15: 
e493-503.

[32] Cui F, Qu D, Sun R, Zhang M and Nan K. NK 
cell-produced IFN-gamma regulates cell growth 
and apoptosis of colorectal cancer by regulat-
ing IL-15. Exp Ther Med 2020; 19: 1400-1406.

[33] Clark NM, Martinez LM, Murdock S, deLigio JT, 
Olex AL, Effi C, Dozmorov MG and Bos PD. Reg-
ulatory T cells support breast cancer progres-
sion by opposing IFN-gamma-dependent func-
tional reprogramming of myeloid cells. Cell Rep 
2020; 33: 108482.

[34] Yao J, Lin J, He L, Huang J and Liu Q. TNF-al-
pha/miR-155 axis induces the transformation 
of osteosarcoma cancer stem cells indepen-
dent of TP53INP1. Gene 2020; 726: 144224.

[35] Cruceriu D, Baldasici O, Balacescu O and Ber-
indan-Neagoe I. The dual role of tumor necro-
sis factor-alpha (TNF-alpha) in breast cancer: 
molecular insights and therapeutic approach-
es. Cell Oncol (Dordr) 2020; 43: 1-18.

[36] Oft M. Immune regulation and cytotoxic T cell 
activation of IL-10 agonists-preclinical and clin-
ical experience. Semin Immunol 2019; 44: 
101325.


