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Abstract: Objective: To evaluate whether the efficacy of high-dose chemotherapy in the treatment of primary well-
differentiated osteosarcoma is superior to moderate-dose chemotherapy. Methods: Cochrane systematic review 
method was used to retrieve literatures from MEDLINE, Embase, OVID, Cochrane Library database of clinical trials, 
Chinese Biomedical Literature Database CD-ROM, as well as manual searching from “China Oncology”, “Chinese 
Journal of Clinical Oncology”, “Cancer” etc. Meta-analysis was performed using the RevMan 5.0 software. Results: 
A total of four studies, 937 cases of primary, non-metastatic, well-differentiated limb osteosarcoma patients were 
enrolled in the study. Meta-analysis results suggested that compared with moderate-dose group, 5-year disease-
free survival, 5-year overall survival rate, the local recurrence rate, proportion of histologic response in good status, 
limb salvage rate showed no significant difference in high-dose chemotherapy group (All P > 0.05); good and poor 
response of preoperative chemotherapy tumor histologic of 5-year disease-free survival showed statistical differ-
ence (RR = 1.55; 95% CI: 1.19-2.00; P = 0.0009). Conclusion: High-dose chemotherapy for the treatment of primary 
osteosarcoma is not better than moderate-dose chemotherapy. It is expected that high quality of randomized con-
trolled trials were performed to provide more reliable evidence in the future.
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Introduction

Osteosarcoma is a malignant tumor derived 
from mesenchymal tissue, characterized by the 
generation of spindle stromal cells of bone tis-
sues, and with osteoid tissues directly pro-
duced by stromal sarcoma cells as a diagnostic 
basis [1]. Osteosarcoma is the most common 
malignance in bone tumors, accounting for 
about 20% [2]. Before the 1970s, the standard 
treatment for osteosarcoma was surgical 
amputation [3]; the prognosis was poor, and 
5-year survival rate was less than 20% [4, 5]. 
Lung metastasis is the main cause of death; in 
the initial surgery, about more than 80% of 
patients had lung micrometastases [6]. In 6 to 
12 months after amputation, they often died 
due to lung metastasis progression [6]. After 
the 1970s, the use of adjuvant chemotherapy 
improves tumor control and survival of patients 
[7, 8]. With the development of diagnostic imag-

ing and surgical reconstruction techniques, and 
the improvement of tumor stage and grade, 
limb salvage surgery has been widely used  
in clinical practice as a safe surgical mode  
[9, 10]; especially neoadjuvant chemotherapy 
combined with surgery for limb osteosar- 
coma increases the 5-year survival rate of 
patients (event-free-survival, EFS) increased 
from 10%~20% to 70%~75% [11-15]. Some 
scholars believe that high-dose chemotherapy 
(the so-called high-dose chemotherapy refers 
to that the dose of some or all chemotherapy 
drugs in each course or the accumulated dose 
of all the courses is greater than the recom-
mended standard dosage) can improve the  
histological response of tumor cells, thus 
improving the patient’s survival [16]; but some 
researchers believe that there is no evidence to 
show the superiority of high-dose chemothera-
py; the inducing chemotherapy-induced necro-
sis rate levels may reflect the inherent sensitiv-
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ity of tumor cells to chemotherapeutic drugs, 
which cannot be changed by increasing chemo-
therapy dose [17-19]. Given the sample size of 
a single sample and even multi-center study is 
limited, bias is inevitable; therefore, it is neces-
sary to conduct a systematic review for these 
studies, expecting to find the evidence for that 
high-dose chemotherapy is superior to conven-
tional-dose chemotherapy, and make possible 
clinical explanation.

Materials and methods

Inclusion and exclusion criteria

We included the studies 1) Which were random-
ized, quasi-randomized clinical controlled trials. 
2) The subjects of these studies with initial 
diagnosis, untreated primary and well-differen-
tiated osteosarcoma, less than 50 years and 
there was no evidence of pulmonary metasta-
sis. Osteosarcoma diagnosis was based on 
clinical manifestations, imaging (X-ray, CT, MRI) 
and tumor tissue biopsy. Seriously impaired 
function of heart, liver and kidney and those 
who cannot perform a given chemotherapy 
were excluded. Osteosarcoma associated with 
other tumors were excluded; 3) In the treat-
ment group and the control group, chemothera-
py may be the same and there may be some 
differences. In the treatment group dosage 
were higher than the recommended scheme, 
while in the control group recommended solu-
tions of standard dose were used. Both groups 
were all underwent preoperative chemotherapy 
and prescribed surgery (limb salvage or ampu-
tation). According to assessment of the rate of 
tumor cell necrosis under pathological findings, 
we determined the programs and courses of 
postoperative chemotherapy.

Metrics and definitions of the key metrics

1). 5-year disease-free survival without tumor 
(5 years event-free-survival, EFS): it refers to 
the included subjects from the start of chemo-
therapy before surgery, surgery, chemotherapy 
after surgery to at least 5 year follow-up of sur-
vival without tumor recurrence and metastasis 
evidence; 2). 5-year overall survival (5 years 
overall-survival, OS): it refers to overall survival 
rate of the subjects from chemotherapy, sur-
gery, postoperative chemotherapy to 5-year 
follow-up including the number of tumor-bear-
ing survival. 3). histologic response (histologi-

cal response): Detection of postoperative 
tumor tissue necrosis after preoperative che-
motherapy. Tumor necrosis rate equal to or 
more than 90% was for good response; tumor 
necrosis rate less than 90% was for adverse 
reaction; 4). local recurrence: recurrence 
caused by local jump stoves and other tumor 
cell residual; 5). limb salvage rate: it refers to 
the ratio of after the assessment of preopera-
tive chemotherapy which was suitable for local-
ized completely resection and limb reconstruc-
tion restoration.

Search strategy

We retrieved literatures from MEDLINE, 
Embase, OVID, Cochrane Library database of 
clinical trials, Chinese Biomedical Literature 
Database CD-ROM database, and traced all 
the references of incorporated documents. We 
manual searched “China Oncology”, “Chinese 
Journal of Clinical Oncology”, “Cancer”. We also 
searched the papers at bone tumor profession-
al conferences and unpublished gray literature. 
The language of the literature was not limited.

We used the key words as follow: “osteosarco-
ma” or “primary osteosarcoma” or “well-differ-
entiated osteosarcoma” and “chemotherapy” 
or “high-dose chemotherapy” or “adjuvant  
chemotherapy” or “neoadjuvant chemothera-
py“ and “methotrexate” or “cyclophosphamide” 
or “A doxorubicin” or “doxorubicin” or “vincris-
tine” or “actinomycin D” or “ifosfamide” and 
“cisplatin” or “carboplatin”.

Statistical analysis

Cochrane systematic review software RevMan 
5.0 was used for meta-analysis. Firstly, χ2 test 
was used to analysis heterogeneity between 
studies, with P equal to 0.1 for cut-off point of 
statistical difference. While I2 test were used 
for heterogeneity quantitative analysis between 
studies. When I2 was more than 50%, there 
may be heterogeneity. Fixed effect model was 
used for merging the data from the literatures 
without heterogeneity; if heterogeneity existed, 
we analyzed the reasons for heterogeneity and 
processed with sensitivity analysis; if the het-
erogeneity of literature still cannot be eliminat-
ed, random effect model was used to merge 
the data. RR and 95% CI were used for dichoto-
mous variables; continuous variables using 
WMD and 95% CI to express the effect size, 
and the results were listed with the forest plot.
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Results

Overview of included studies

736 documents were initially retrieved; by read-
ing the title and summary, 631 clinical research-
es were screened out; and through reading the 
full text and rescreening, 76 documents incon-
sistent with the inclusion criteria were excluded 
due to non-control studies, reviews and the var-
ied main measure indicators. Finally four litera-

ture were included [17-20], three of which were 
RCT [18-20] and 1 [17] of which was quasi-ran-
domized controlled clinical trial as shown in 
Figure 1. All were English literature. General 
information of included studies was shown in 
Table 1. The 4 studies included 937 cases of 
patients younger than 50 years old, and all 
studies had provided the inclusion criteria. 3 
RCTs [18-20] did not explicitly describe the ran-
domly assigned method, and only one study 
[18] described the method of allocation con-

Figure 1. The follow chart of lit-
eratures identification.
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Table 1. Characteristics of the included studies

Studies N
Interventions

Outcome measure
Quality assessment of methodology

Trial 
group

Control 
group Design Level Randomization Allocation  

concealment Blinding Loss to  
follow-up Baseline

Bacci 2003 367 IOR/OS-N5 IOR/OS-N4 5-year disease free survival, local recurrence CCT C Inadequate Unclear Not used Unclear Comparable

Meyers 1998 73 Regimen II Regimen I 5-year disease free survival, local recurrence, Histological response RCT C Inadequate Clear Unclear Yes Comparable

Bacci 1986 106 Regimen II Regimen I 5-year disease free survival, Histological response, 5-year overall 
survival, percentage of limb salvage

RCT C Inadequate Unclear Unclear Yes Comparable

Rober 1997 391 Regimen II Regimen I 5-year disease free survival, local recurrence, Histological response, 
5-year overall survival, percentage of limb salvage

RCT C Inadequate Unclear Unclear Yes Comparable
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cealment; all of them did not explain the use of 
blinding; three studies had reported the failure 
in follow-up, and the quality class was C. All 
studies provided the baseline of treatment 
group and the control group; the difference 
between the two groups was not statistically 
significant.

Meta-analysis results

5-year tumor-free survival: Four studies [17-20] 
have reported the 5-year disease-free survival 
of patients with primary limb osteosarcoma in 
moderate-dose chemotherapy group and high-
dose chemotherapy group; there were a total  
of 923 cases, including 459 cases of moder-
ate-dose chemotherapy and 464 cases of  
high-dose chemotherapy. No heterogeneity 
had been found among studies, so the fixed-
effects model was used; the results showed no 
statistically significant difference in 5-year 
tumor-free survival between the two chemo-
therapy regimens, indicating that increasing 
cumulative doses of chemotherapy drugs can-
not correspondingly increase 5-year tumor-free 
survival of patients. The results of Meta-
analysis were shown in Table 2.

The local recurrence rate: Three studies [17-19] 
reported the local recurrence rate after 5 years 
of follow-up, and no heterogeneity had been 
found among studies, so a fixed effects model 
was used; the results showed no significant dif-
ference in 5-year local recurrence rate between 
the two chemotherapy regimens, indicating 
that increasing cumulative dose of chemother-
apy drugs did not improve the safety of the 
local operation. The results of Meta-analysis 
were shown in Table 2.

The rate of good local histologic response: 
Three studies [17, 18, 20] described the pro-

portion of patients with good histologic 
response after moderate-dose and high-dose 
chemotherapy; no heterogeneity had been 
found among studies, so a fixed effects model 
was used; the results showed no significant dif-
ference in the proportion of patients with good 
histologic response between the two chemo-
therapy regimens, indicating that increasing 
cumulative dose of chemotherapy drugs did not 
improve the tumor histologic response to che-
motherapy drugs. The results of Meta-analysis 
were shown in Table 2.

5-year survival: Three studies [17, 18, 20] 
reported the 5-year overall survival rates of the 
two methods; no heterogeneity had been found 
among studies, so a fixed effects model was 
used; the results showed no significant differ-
ence in 5-year overall survival rate between the 
two chemotherapy regimens, indicating that 
increasing cumulative dose of chemotherapy 
drugs did not increase the 5-year overall sur-
vival rate of patients with osteosarcoma. The 
results of Meta-analysis were shown in Table 2.

Meta-analysis of limb salvage rate: Two studies 
[17, 20] reported the limb salvage rates of the 
two methods; no heterogeneity had been found 
between studies, so a fixed effects model was 
used; the results showed no significant differ-
ence in limb salvage rate between the two che-
motherapy regimens. The results of Meta-
analysis were shown in Table 2.

Preoperative chemotherapy histology reaction 
degree for tumor: Three studies [17, 18, 20] 
described 5-year disease-free survival of pre-
operative chemotherapy on tumor histology 
good and adverse reactions. The heterogeneity 
existed between studies (P = 0.06, I2 = 63.6%). 
By analyzing the sources of heterogeneity, we 

Table 2. Meta-analysis of the efficacy of high-dose versus moderate-dose chemotherapy in treating 
osteosarcoma

Sample size (n) Test of association Test for  
heterogeneity

Genetic model High-dose Moderate-dose RR 95% CI P P I2

5-year tumor-free survival 464 459 1.11 0.95-1.27 0.27 0.65 0%
The local recurrence rate 282 264 0.94 0.54-1.58 0.72 0.45 0%
The rate of good local histologic response 361 345 0.96 0.81-1.24 0.32 0.64 0%
5-year survival 423 405 1.09 0.97-1.21 0.21 0.35 5.2%
Limb salvage rate 388 370 0.98 0.92-1.05 0.18 0.93 0%
RR: Relative Risk, CI: confidence interval, vs.: versus.
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found Gaetano Bacci [17] study was designed 
as CCT. Therefore we divided it into another 
subgroup analysis, eliminating the heterogene-
ity, and fixed-effects model were used for anal-
ysis with statistical difference (P < 0.00001 
and P < 0.007), indicating that the tumor cor-
related with response of preoperative chemo-
therapy histology and 5-year survival rate. 
Patients with good histologic response showed 
a higher 5-year survival rate, indicating that the 
tumor to histological response of preoperative 
chemotherapy was an independent prognostic 
factor for osteosarcoma. The result of meta-
analysis was shown in Figure 2.

Discussion

In the present study, we did not found signifi-
cant difference in 5-year disease-free survival, 
5-year overall survival rate, the local recurrence 
rate, proportion of histologic response in good 
status, and limb salvage rate between high-
dose and moderate-dose chemotherapy in 
treating osteosarcoma.

Improving the survival rate of patients with 
osteosarcoma by systemic chemotherapy has 
been widely recognized [21, 22], but the maxi-
mum dose of chemotherapy drugs has not yet 
been determined. Increasing the dose of che-
motherapy is designed to improve the ratio of 
good histologic response to chemotherapy in 
patients and reduce the proportion of patients 
with resistance to chemotherapy, which are 
thus further converted to increase the survival 
rate of patients with osteosarcoma. In Sloan-
Kettering Cancer Center, Rosen et al [23] firstly 
used T-10 program for treatment; they reported 
that the poor histologic response of patients 

can be improved by changing the postoperative 
chemotherapy regimen. But long-term follow-
up results were not sure. Other researchers 
also conducted similar studies: individuals with 
general response were given various strength-
ening scheme to improve the therapeutic 
effect. But most such studies have failed to 
repeat the results of Rosen et al, and adjust-
ments of chemotherapy regimen also failed to 
improve survival. Strengthened treatment dur-
ing the preoperative therapy to increase the 
number of patients with good response also 
failed to change the long-term outcome of 
these patients, and after extending the current 
treatment, histologic response also lost its 
prognostic value. Meta-analysis showed that 
between the low-dose chemotherapy and high-
dose chemotherapy groups, there were no sta-
tistically significant differences in 5-year tumor-
free survival, 5-year overall survival, local recur-
rence, limb salvage rate and the proportion of 
patients with good response to chemotherapy.

Meta-analysis of five-year survival rate and 
extent of histologic response to chemotherapy 
in patients showed that there was statistically 
significant difference in 5-year tumor-free sur-
vival between patients with good and adverse 
histologic response to preoperative chemother-
apy, and the 5-year tumor-free survival of 
patients with good histologic response was 
higher, indicating that tumor histological 
response to preoperative chemotherapy is an 
independent prognostic factor for osteosar- 
coma.

In conclusion, the existing research results 
showed that tumor for preoperative chemother-
apy histological response is an independent 

Figure 2. Meta-analysis of 5-year EFS for good vs. poor histological response for preoperative chemotherapy, the 
horizontal lines correspond to the study-specific RR and 95% CI, respectively. The area of the squares reflects the 
study-specific weight. The diamond represents the pooled results of RR and 95% CI.
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prognostic factor for osteosarcoma. High-dose 
chemotherapy for the treatment of primary 
osteosarcoma is not better than low moderate 
-dose chemotherapy. But due to the bias of the 
included studies, performance bias, as well as 
the moderate possibility of publication bias, 
they were likely to affect the reliability of the 
results. It is expected that high quality of ran-
domized controlled trials were performed to 
provide more reliable evidence in the future.
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