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Abstract. — BACKGROUND: Tumor necrosis
might be a consequence of innate sensitivity of
tumor cells to changed dosage instead of the in-
creased dosage of chemotherapeutics in the
treatment of osteosarcoma patients.

AIM: To explore whether dose-intensive regi-
men was a better treatment method than dose-
control chemotherapy for high-grade osteosar-
coma patients.

MATERIALS AND METHODS: The data of the
included studies was analyzed by random-ef-
fects model when there was heterogeneity, oth-
erwise by fixed-effects method. Meta-analysis
outcomes were calculated as risk ratio (RR) and
95% confidence interval (Cl) for 5-year disease
free survival rate, 5-year overall survival, local
recurrence rate, good histological response rate
and Limb salvage rate.

RESULTS: Five studies involving 1434 patients
with high-grade osteosarcoma were included. All
the included studies were inadequate in the infor-
mation about randomization and blinding method.
The meta-analysis showed that there was no sig-
nificant difference between the dose-intensive
group and the dose control group in 5-year dis-
ease free survival rate (RR: 1.08, 95% CI: 0.96-
1.21), 5-year overall survival rate (RR: 1.07, 95%
Cl: 0.98-1.17), good histological response rate
(RR: 1.08, 95% CI: 0.82-1.43), limb salvage rate
(RR: 0.97, 95% CI: 0.93-1.02). However, the local
recurrence rate (RR: 0.65, 95% CI: 0.46- 0.92) and
the 5-year disease free survival rate of the good
and poor histological response (RR: 1.57, 95% CI:
1.36- 1.82) were significantly different.

CONCLUSIONS: Dose-intensive regimen
might not be a preferred treatment for all of the
high-grade osteosarcoma patients. Although
there were advantages in dose-intensive regi-
men, appropriate dosage of chemotherapy
should be considered in clinical cases.
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Introduction

Osteosarcoma, an aggressive malignant neo-
plasm arising from primitive transformed cells of
mesenchymal origin, is characterized by produc-
ing osteoid fusiform stromal cells'. It is a most
common primary malignant bone tumor only
second to multiple osteosarcoma?®. The incidence
of osteosarcoma is approximately 0.3 per
100,000 and there are about 900 new cases of os-
teosarcoma are diagnosed in the United States
every year. Moreover, a high incidence is pre-
sented in adolescents around 10 to 25 years and
in elderly. As osteosarcoma is a devastating but
rare disease’, the effective therapy has become a
highlighted concern all over the world. Amputa-
tion has become a routine treatment therapy tar-
geting for osteosarcoma since the 1970s*. How-
ever, the prognosis and quality of life of osteosar-
coma patients by amputation was still poor. The
S-year survival rate after amputation was less
than 20% mainly due to lung metastases®. With
the development of treatment techniques for os-
teosarcoma, adjuvant chemotherapy has greatly
improved the disease-free survival rate of pa-
tients, such as the application of doxorubicin,
high-dose methotrexate and cisplatin®?.

A number of studies have shown that dose of
chemotherapy used in treatment is closely related
to the outcome of patients with osteosarcoma’!!.
Some studies suggested that patients treated by
dose-intensive chemotherapy would have higher
overall survival and disease-free survival rates
than those by dose control regimens. While others
argued that there were no sufficient evidences to
display the superiority of dose-intensive regimens.
In the treatment of osteosarcoma patients, tumor
necrosis might be a consequence of innate sensi-
tivity of tumor cells to changed dosage instead of
the increased dosage of chemotherapeutics'>*.
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Besides, dose-intensive chemotherapy is still
poorly conducted in the clinical treatment of high-
grade osteosarcoma. In this paper, we applied meta-
analysis to conduct quantitative evaluation on the
published clinical researches and aimed to provide
certain reference for the clinical decision-making.

Materials and Methods

Literature Search

A systematic literature research was per-
formed by retrieving from the internet retrieval
systems: U.S. National Library of Medicine
(PubMed), MEDLINE, EMBASE, Cochrane
Controlled Clinical Trials Register (CCTR) and
Google scholar. The literatures in this research
were associated with clinical trials for the treat-
ment of high-grade osteosarcoma, which were
updated to June, 2012. And the language of the
literatures was limited to English. The search
strategies were Clinical Trial Randomized Con-
trolled Trial, Osteosarcoma and Chemotherapy.

Literature Inclusion Criteria

All the associated articles were assessed to ob-
tain the eligible literatures. The inclusion criteria
were as followed. The studies involved in eligible
literature contained randomized control trial (RCT)
or clinical control trial (CCT, clearly-defined sam-
ple size, scientific data collection methods and cor-
rect data analysis method. Additionally, studies
were carefully carried out or the publication time
accorded to the deadline requirement; Cases sur-
veyed were treated with adjuvant chemotherapy
and clear diagnostic criteria. Results in these re-
ports included free survival rate, overall survival
rate, limb salvage rate and local recurrence rate.

Exclusion Criteria

Literatures were excluded if there were inac-
cessible sources of cases, non-therapeutic clinical
studies or animal experiments, non-original liter-
ature, unclear number of groups, cases of unclear
diagnostic criteria, studies without control group,
osteosarcoma treated by other methods, unscien-
tific methods for data collection, incorrect or un-
available data analysis method. Reviews and ret-
rospective analysis (RA) were also excluded.

Literature Evaluation, Data Extraction
and Analysis

Literature evaluation was carried out by two
independent reviewers. Reviewers made evalua-

tion on the literatures from the following aspects:
(1) general information: the first author, publica-
tion year, literature source and publication date;
(2) research design; (3) the number, features and
treatment outcomes of the clinical cases (pa-
tients).

Statistical Analysis

Meta-analysis was performed using RevMan
5.0 software. Continuous data were normalized
as standardized weighted mean difference (SMD)
and 95% CI, and dichotomous data were shown
as relative risk (RR) and 95% CI. The significant
difference was defined as p value < 0.05. Hetero-
geneity test of research data were conducted pri-
or to data consolidation. The data were pooled by
random-effects model which were in significant
heterogeneity, otherwise by the fixed-effects
model.

Results

The Characteristics of the
Included Literature

After a preliminary screening on the retrieved
literature, 706 potential reports were obtained,
which were related to the high-grade osteosar-
coma treated by chemotherapy. Through strict
assessment, only 5 studies met the inclusion cri-
teria, of which 4 studies were randomized con-
trolled trials (RCT) and one was as a quasi-ran-
domized control clinical trial (CCT)'?>'%. These
5 investigations included 1434 patients with the
age less than 50 years. The general information
for the 5 studies was shown in Table I.

The General Information and Quality
Analysis of the Included Literature

Of the five studies, only one'* made a descrip-
tion on the allocation concealment method. And
none of them indicated that whether blind
method was exploited or not. All the studies pro-
vided the baseline information of treated and
control groups. Although one study'® was the
quasi-randomized controlled trials, the baselines
for two sets of data were matched. It was proba-
bly because that the data in the two studies were
obtained by the same team from a research insti-
tution, the same chemotherapy drug was used in
the trials and only the dose of the treated group
was larger than that of control group. Generally,
all the results were reliable (Table II).
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Table I. The general information for the included 5 studies.

Intervention measures

Follow-up
time

Literature Cases Treated group

Control group

Outcome indexes (year)

Bacci G 1986 106 Regimen II

Bacci G 2003" 367 IOR/OS-N5

Lewis 1J 2007% 497 Regimen DI

Meyers PA 1998 73 Regimen II

Souhami L 1997'¢ 391 Regimen II

Regimen |

IOR/OS-N4

Regimen C

Regimen I

Regimen I

5 year disease free survival rate; 2.5-5.5
histological response rate

after chemotherapy;

5 year overall survival rate;
limb salvage rate

5 year disease free survival rate;
local recurrence rate

5 year disease free survival rate;
5 year overall survival rate;
local recurrence rate

5 year disease free survival rate; 3.5-9
local recurrence rate;

histological response rate

after chemotherapy;

5 year disease free survival rate; 5-6
histological response rate

after chemotherapy;

5 year overall survival rate;

limb salvage rate;

local recurrence rate

7.5-10

9-10.5

Meta-Analysis of 5-Year Disease
Free Survival Rate

Five studies!*!® reported the 5-year disease
free survival rates of dose-intensive regimens and
dose control regimens in the treatment of high-
grade osteosarcoma. A total of 1420 patients
were analyzed for 5-year disease free survival
rate, of which 704 cases treated by dose control
regimen were classified to dose control regimen
group and the remaining were defined as dose-in-
tensive regimen group. As there was no signifi-
cant heterogeneity between the two groups (p =
0.77, I = 0%), the fixed-effect model analysis
was conducted. Results of 5-year disease free
survival rates exhibited no statistically significant
difference between dose-intensive programs and
dose control regimens (RR: 1.08, 95% CI: 0.96-
1.21) (Figure 1). The 5-year disease free survival

Table Il. Quality evaluation of included methods.

rate of patients did not correspondingly increase
accompanied with the increase in the dose of
chemotherapy drugs.

Meta-Analysis of 5-Year Overall Survival

Four studies'*!¢ reported the 5-year overall
survival rates of dose-intensive programs and
dose control regimens in the treatment of high-
grade osteosarcoma. There were a total of 1272
patients including 623 cases in dose control regi-
men group and 649 cases in dose-intensive pro-
gram group. No heterogeneity was observed be-
tween the two groups (P = 0.56, I> = 0%), so the
fixed-effect model analysis was conducted. Re-
sults of 5-year overall survival rates exhibited no
statistically significant difference between dose-
intensive and dose control regimens (RR: 1.07,
95%,CI: 0.98-1.17) (Figure 2).

Experimental Random Allocation Blinded Baseline
Literature design allocation concealment method information
Bacci G 19862 RCT Inadequate Undescribed Undescribed Comparable
Bacci G. 2003" CCT Inadequate Undescribed Not applicable Comparable
Lewis 1J 2007% RCT Inadequate Undescribed Undescribed Comparable
Meyers PA 19984 RCT Inadequate Clear Undescribed Comparable
Souhami L 1997'¢ RCT Inadequate Undescribed Undescribed Comparable
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Dose-intensive group  Control gruw Risk Ratio Risk Ratio
| Study or Subgroup Events al Lk pight M-H. Fixe :
Bacci G 1986 25 50 31 56 97% 0. sn lﬂ 63 1 30]
Gaetano B 2003 127 186 102 171 36.0% 1.09 [0.92,1.28) B
Lewis |J 2007 103 252 96 245 322%  1.04[0.84,1.29] —
Meyers PA 1998 24 36 23 37 75% 1.07 [0.76, 1.51) _
Souhami L 1997 54 182 46 195 147% 1.26 [0.90, 1.76) L
Total (95% CI) 716 704 100.0%  1.08 [0.96, 1.21] @
Total events 333 298
Heterogeneity. Chi*=1.81,df= 4 (P=0.77); F= 0% U=5 05? 1 1=5 E
Testfor overall effect Z=1.33 (P =0.16) Favours experimental Favours control

Figure 1. Meta-analysis on the 5-year disease free survival rate of patients treated with dose-intensive programs and dose
control regimens.

Dose-intensive group  Control group Risk Ratio Risk Ratio

| Study or Subgroup Events Total Events Tot -
Gaetano B 2003 157 196 127 17 3 1.08[0.96, 1.21)
Lewis |J 2007 13 226 120 218 35.2% 1.05[0.89 1.24)
Meyers PA 1998 24 36 28 7 7.9% 0.88[0.66, 1.19)
Souhami L1997 " 191 63 197 17.9% 1.16[0.88 153 -
Total (95% CI) 649 623 100.0% 1.07 [0.98, 1.17] »
Total events 383 338 )

Heterogeneity: Chi*= 207, df = 3 (P = 0.56); 17= 0% 0*5 0*? 3 15 2
Test for overall effect Z=143 P =015 : : y ol

Favours experimental Favours contr

Figure 2. Meta-analysis on the 5-year overall survival rate of patients treated with dose-intensive programs and dose con-
trol regimens.

Meta-analysis of Local Recurrence Rate
Four studies!*!> compared the local recur-

heterogeneity among the studies (p = 0.24, I> =
28%), the fixed-effect model analysis was con-

rence rates of dose-intensive programs with
dose control regimens in the treatment of high-
grade osteosarcoma. There were a total of 1043
patients, of which 509 cases were classified in-
to the dose control regimen group and the re-
maining 534 cases were classified into dose-in-
tensive program group. Because there was no

ducted. Results of local recurrence rates
showed statistical significance between dose-
intensive programs and dose control regimens
(RR: 0.65, 95% CI: 0.46-0.92) (Figure 3).
Therefore, the increased cumulative doses of
chemotherapy drugs could effectively reduce
the local recurrence rate of patients.

Dose-intensive group  Control group Risk Ratio Risk Ratio
| Study or Subgroup Events Total Events Totd_mlnm_m.tl.ﬂm!&ﬁil_&ﬂ.mﬂiﬁ_y_ﬂ_
Bacci G 1986 2 50 0 56 07% 559027, 11369
Gaetano B 2003 8 196 10 171 158% 0.70([0.281.73 i
Lewis |J 2007 3 252 44 245 66.0% 0.51[0.32 082 -
Meyers PA 1998 1" 36 12 37 17.5% 0.94 [0.48 1.89
Total (95% CI) 534 509 100.0% 0.65 [0.46, 0.92] &
Total events 44 66
Heterogeneity: Chi*= 4.18, df = 3 (P = 0.24); I*= 28% u’ 05 0’2 3 ; 2;3
Test for overall effect Z=2.42( = 0.02 Favours experimental  Favours cortrol

Figure 3. Meta-analysis on the local recurrence rate of patients treated with dose-intensive programs and dose control

regimens.
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Dose-intensive group

Control group

Risk Ratio

Risk Ratio

Heterogeneity: Tau®= 0.05; Chi*= 11,59, df= 3 (P = 0.009), F=T74%
Test for overall effect Z = 0.56 P = 0.57)

of Subgrot Events Total Events Total Weight M-H, Random, 95% Cl u-u,ﬂgfﬁaﬂ, 95% Cl
Gaetano B 2003 12 196 118 171 33.4% 0.89[0.77,1.04
Lewis L) 2007 103 204 n 199 29.4% 1420112179 -
Meyers PA 1998 16 36 14 a7 150% 1.17[0.68, 2.04] S p—
Souhami L1997 37 129 4 137 221% 0.96 [0.66, 1.39) —
Tota (95% CI) 565 54 100.0% 1.08 [0.82, 1.43]
Total events 277 244 .

02 05 1 2 5
Favoursexpenmental Favours control

Figure 4. Meta-analysis on the good histological response rate of patients treated with dose-intensive programs and dose

control regimens.

Meta-analysis of Good Histological
Response Rate

Four studies!*!¢ compared the differences of
good histological response rates between dose-
intensive programs and dose control regimens in
the treatment of high-grade osteosarcoma. A total
of 1109 patients were classified as dose control
regimen group (544 cases) and dose-intensive
program group (563 cases). Among the patients
in the four studies, heterogeneity was observed
(p = 0.009, I? = 74%), so we applied random-ef-
fect model analysis. Results of good histological
response rates exhibited no statistical signifi-
cance between dose-intensive regimens and dose
control regimens (RR: 1.08, 95% CI: 0.82-1.43)
(Figure 4). This suggested that compared with
dose control regimens, the dose-intensive regi-
mens had similar effects on good histological re-
sponse rate of patients.

The 5-Year Disease Free Survival Rate of
The Good and Poor Histological Response
Three studies'*'® reported 5-year disease free
survival rates of the good and poor histological
response of dose-intensive programs and dose

control regimens. Total 773 patients were classi-
fied into two group: dose control regimen group
(368 cases) and dose-intensive program group
(365 cases). There was no heterogeneity between
2 groups (p = 0.26, I = 27%) so the fixed-effect
model analysis was applied. As shown in Figure
5, the 5-year disease free survival rate of the
good and poor histological response showed sta-
tistical difference between dose-intensive pro-
grams and dose control regimens (RR: 1.57, 95%
CI: 1.36-1.82). This indicated that the histologi-
cal responds of tumor to the preoperative
chemotherapy reaction was closely related to the
S-year disease free survival rate of patients.

Meta-Analysis of Limb Salvage Rate

Three studies'*!>1¢ reported the limb salvage
rates of dose-intensive programs and dose control
regimens in the treatment of high-grade osteosar-
coma. There were total 1213 patients including
592 cases treated by the dose control regimen
and 621 cases by dose-intensive regimen. As
shown in Figure 6, the characteristic of the pa-
tients was similar (P = 0.94, > = 0%), so we car-
ried out the fixed-effect model analysis. And

Dose-intensive group  Control group Risk Ratio Risk Ratio
udy o 0l Events Total Events Tot ixe » i
Lewis |J 2007 182 257 138 64.4% 1441119173
Meyers PA 1998 25 30 22 42 13.4% 159114, 2.21) -
Souhami L1997 42 78 52 188 22.2% 1.95[1.43 269 =
Total (95% CI) 365 368 100.0% 1.57 [1.36, 1.82] L 2
Total events 249 142
Heterogeneity: Chi*= 273, df = 2 (P = 0.26); I*= 27% D=2 D=5 3 é .'3
Test for overal effect Z=6.10 (P = 0.00001) Fa«our.s experirhenlal Favours control

Figure 5. Meta-analysis on the 5-year disease free survival rate of the good and poor histological response of patients

treated with dose-intensive programs and dose control regimens.
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Dose-intensive group

Control group Risk Ratio

Risk Ratio

Heterogeneity: Chi*= 013, df =2 (P=094),*=0%
Test for overall effect Z=1.03 P =0.30)

Study o1 Subqroup Events Total Events Total Weight M-H, Fixed, 95% CI MH, Fixed, 95% CI
Gaetano B 2003 178 196 160 171 33.3% 0.87 [0.91,1.03

Lewis |J 2007 170 233 164 222 328% 0.99[0.88 1.10

Souhami L1997 165 192 177 199 33.9% 0.97 [0.90, 1.04]

Total (95% CI) 621 592 100.0% 0.97 [0.93, 1.02]

Total events 513 5Mm

05 07 1 15 2
Favours experimental Favours control

Figure 6. Meta-analysis on the limb salvage rate of patients treated with dose-intensive programs and dose control regi-

mens.

there was no statistical significance between
dose-intensive regimens and dose control regi-
mens (RR: 0.97, 95% CI: 0.93-1.02) (Figure 6).
It implied that increasing dose of chemotherapy
drugs could not correspondingly improve the
limb salvage rate of patients.

Discussion

Previous studies have reported that chemother-
apy can improve limb salvage rate and plays a vi-
tal role in osteosarcoma treatment!’?!. Nowa-
days, it is widely recognized that systemic
chemotherapy can improve the prognosis and in-
crease the survival rate of patients with osteosar-
coma?* 3. Dose-intensive and dose control
chemotherapies were the common regimens for
osteosarcoma currently. However, the appropriate
dose of the chemotherapy drug has not yet been
determined.

In this paper, we applied meta-analysis to
compare therapeutic effect of the intensive and
dose control chemotherapy regimens on the fol-
lowing efficacy indexes, including 5-year disease
free survival rate, 5-year overall survival, local
recurrence rate, S5-year disease free survival rate
of good and poor histological response of preop-
erative chemotherapy and limb salvage rate. It
was reported that the long-term disease-free sur-
vival rates was around 60 to 80 percent in os-
teosarcoma patients by dose-intensive
chemotherapy regimen'®!. And our results
showed that compared with dose control
chemotherapy, dose-intensive chemotherapy reg-
imen had no significant differences in 5-year dis-
ease free survival rate, 5-year overall survival
rate, good histological response rate and limb
salvage rate. It was indicated that dose-intensive
and dose control chemotherapy regimen had sim-

ilar therapeutic effect on osteosarcoma in sur-
vival rate, good histological response and limb
salvage rate

However, there were obviously significant dif-
ferences in the local recurrence rate (RR: 0.65,
95% CI: 0.46-0.92) and the 5-year disease free sur-
vival rate of good and poor histological response of
preoperative chemotherapy (RR:1.57, 95% CI:
1.36-1.82) between the different dose regimens. A
report suggested that the dose of chemotherapy in-
fluenced the outcome of patients with osteosarco-
ma’. The increasing dose of chemotherapy might
reduce the local recurrence rate in our results. Lo-
cal recurrence was found to be the indicator of
poor survival for osteosarcoma patients?. Various
prognostic factors involved in local recurrence
were identified as chemotherapy response, age and
surgical margins. The chemotherapy response was
considered to be the most primary factor affected
local recurrence rate®. Previous researches report-
ed that patients with good histologic response
would have higher survival rate'*?. Thus, tumor
histologic response to preoperative chemotherapy
might be an independent prognostic factor in os-
teosarcoma. But a previous study indicated that
there was no significant difference in local recur-
rence between dose-intensive and dose control
group (6% vs. 4%)%. the innate sensitivity of tu-
mor cells to chemotherapy might result in tumor
necrosis instead of the increasing dose of
chemotherapy®®. Though our study showed signifi-
cant difference in 5-year disease free survival rate
of good and poor histological response, the potent
evidence was relatively rare, especially concerning
the positive effect of dose-intensive chemotherapy
on good histologic response for osteosarcoma pa-
tients. It suggests that further studies should be
conducted to explore whether the intensive dose
chemotherapy is associated with the reducing local
recurrence rate and good histologic response.
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Furthermore, there were some limitations in
the meta-analysis of dose-intensive. There were
only 5 literatures included, so the data collected
in this work was limited. The language of the lit-
eratures was restricted in English that might re-
sult in the selective bias. In addition, there were
also some methodological shortcomings for the
literatures included in the meta-analysis. All the
studies did not make detailed description on the
random allocation method. The blinding method
was hard to be carried out in the clinical trials,
hence there indeed existed a certain bias in the
trials for 4 RCTs. Beside, chemotherapeutics
used were not unified in the five studies included
in the analysis.

Conclusions

In conclusion, compared with dose control
chemotherapy, dose-intensive chemotherapy
might reduce the local recurrence rate in patients
with osteosarcoma organizations and increase the
S-year disease free survival rate of good histolog-
ical reaction under preoperative chemotherapy.
But in survival rate, good histological response
and limb salvage rate, dose-intensive and dose-
control chemotherapy regimen showed similar
effects. Considered the toxicity of dose-intensive
regimen, appropriate dose chemotherapy should
be applied for high-grade osteosarcoma treatment
in clinical cases.
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