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Abstract

Background. Osteosarcoma s a pleomorphic cancer that frequently affects children and teenagers. Although
several chemotherapy regimens have been utilized for many years, the best therapeutic option for the treat-
ment of osteosarcoma has not yet been determined.

Objectives. This meta-analysis was designed to assess the clinical efficacy of a high-dose methotrexate,
doxorubicinand cisplatin (MAP) regimen and compare its survival outcomes with those of other chemotherapy
strategies in patients diagnosed with osteosarcoma.

Materials and methods. We systematically searched databases, namely Embase, the Cochrane Library
and PubMed, up to August 2022, for relevant studies investigating the impact of the MAP chemotherapy
protocol on survival among patients with osteosarcoma. The odds ratio (OR) pooled estimates and their 95%
confidence intervals (95% Cls) were calculated.

Results. Twelve studies including 4102 patients were eligible for analysis in this study. The estimated pooled
ORs of the 3-year overall survival (0S) and event-free survival (EFS) were OR = 1.08 (95% (I: 0.72-1.62,
p=070) and OR =1.04 (95% CI: 0.81-1.32, p = 0.78, respectively). The 5-year 0S and EFS were OR =0.87
(95% CI: 0.62-1.23,p=042) and OR = 1.13 (95% CI: 0.76—1.68, p = 0.54), respectively, with no statistical
differences. The subgroup analysis of MAP compared to a 2-drug regimen (doxorubicin and cisplatin) revealed
asignificant difference between the 2 chemotherapy strategy groups in 3-year 0S rates (OR =0.72 (95% CI:
0.56—0.92, p=0.009)) and 5-year EFS rates (OR = 0.57 (95% CI: 0.43—0.76, p < 0.001)).

Conclusions. The MAP chemotherapy strategy for osteosarcoma showed superiority over other regimens,
especially over the 2-drug regimen (doxorubicin/cisplatin), in terms of better prognosis and safety.
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Introduction

Osteosarcoma is a pleomorphic malignancy that com-
monly occurs in children and adolescents. It is defined
as a primary malignancy of the mesenchymal tissues
in bones and accounts for 20—-40% of all diagnosed bone
cancers.! The etiology of osteosarcoma remains unknown;
however, exposure to radiotherapy, alkylating agent-based
chemotherapy, Li-Fraumeni syndrome, and Paget’s dis-
ease of bone are considered risk factors and account for
a proportion of the cases.? The main treatment approach
for this type of bone cancer was amputation, which had
limited clinical efficacy. Chemotherapy and surgical strate-
gies were introduced in the 1970s and improved the over-
all 5-year survival rate to about 70%.% During that time,
chemotherapy was used postoperatively to eliminate un-
resectable lesions. Later, preoperative chemotherapeutic
regimens were clinically applied and known as neoadju-
vant chemotherapy. This approach was widely adopted
in clinical practice since it helped in the elimination of po-
tential micro-metastases, reduced tumor edema, increased
limb salvage rates, reduced recurrence rates, and improved
the overall survival (OS) rates.*

In the past decades, a number of trials have been con-
ducted to evaluate the efficacy of different postoperative
chemotherapeutic agents. Initially, methotrexate was
reported, followed by other agents with some degree
of survival improvement.>® The studied drugs included
ifosfamide, dacarbazine, and their combination with doxo-
rubicin, with a response rate reaching up to 40%. Single-
agent chemotherapy has been shown to be inadequate
for osteosarcoma treatment. A trial conducted in 2014
comparing doxorubicin alone with its combination with
ifosfamide revealed a significant improvement in the rates
of progression-free survival (PFS) and the overall response
for the combined chemotherapeutic regimen. However,
the OS between the 2 regimens did not significantly dif-
fer (p = 0.076).7 Recently, as approved by the National
Comprehensive Cancer Network (NCCN) guidelines,®®
the most commonly used chemotherapeutic agents for
osteosarcoma include doxorubicin, high-dose methotrex-
ate, cisplatin, and ifosfamide.

Nowadays, novel approaches are applied for osteosar-
coma management, including targeted drug therapy, ex-
perimental therapy, immunotherapy, and radiotherapy.
The combination of up to 4 drugs, namely doxorubicin,
methotrexate, cisplatin, and ifosfamide, is the main os-
teosarcoma treatment in today’s protocols.®*1° The rec-
ommended regimens, according to the NCCN guidelines,
include a doxorubicin and cisplatin combination; high-
dose methotrexate, doxorubicin and cisplatin (MAP)
combination; methotrexate, doxorubicin, cisplatin, and
ifosfamide (MAPI) combination; and ifosfamide, cispla-
tin and epirubicin combination.® Most healthcare set-
tings worldwide conduct a number of preoperative che-
motherapy courses, ranging from 2 to 6 courses for up
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to 18 weeks.!! The toxicity of chemotherapeutic regimens
should also be considered, which includes bone mar-
row suppression, neurological toxicity, liver and kidney
damage, and gastrointestinal disorders. Although these
regimens have been used for many years, the optimal
therapeutic choice for osteosarcoma treatment has not
been established.

Objectives

Therefore, studies that compared the above regimens
were eligible for the present meta-analysis to establish
a detailed comparison between the available regimens
and assess the clinical efficacy and toxicity of first-line
chemotherapeutic agents for patients diagnosed with
osteosarcoma.

Materials and methods
Search strategy and identification

This meta-analysis was designed and conducted accord-
ing to the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guidelines. The ethical ap-
proval was waived due to the type of the study. The proto-
col of this meta-analysis has been registered in PROSPERO
as CRD42022385111. Original research studies written
in English and published up to August 2022 were veri-
fied by the PubMed, Embase and Cochrane Library data-
bases. The keywords or medical subject headings (MeSH)
terms related to osteosarcoma, chemotherapy, methotrex-
ate, doxorubicin, cisplatin, ifosfamide, and survival rate
were combined during the database search, as presented
in Table 1. The retrieved studies were carefully investigated
for eligibility. Only human research studies were included.
Irrelevant publications, assessed on the basis of the title,
abstract or full article, were excluded. Also, commentar-
ies, review articles, editorials, and irrelevant studies were
all excluded. All chosen publications were collected using
EndNote software (Clarivate, London, UK), and duplica-
tions were excluded.

Inclusion criteria

The current meta-analysis inclusion criteria were:

1. Well-designed randomized controlled or comparative
studies, either prospective or retrospective;

2. Studies in which the intended target patients were
those with a confirmed diagnosis of osteosarcoma using
typical imaging or pathological biopsy;

3. Studies in which the procedure of intervention in-
cluded a comparison of the first-line chemotherapeutic
regimens, according to the NCCN recommendations for
the treatment of osteosarcoma;
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Table 1. Search strategy for each electronic database

Database |
(#1) "Osteosarcoma’ [MeSH terms] OR “Chemotherapy” [all fields] OR “Osteosarcomas” [all fields]
(#2)
L (#3) “overall survival”[all fields] OR “progressive-free survival”
(#4) #1 AND #2 AND #3
(#1) '(Osteosarcoma)/exp OR'(Chemotherapy)'/exp OR'‘Osteosarcomas’/exp
Embase (#2) '(Methotrexate)/exp OR'(Cisplatin)’/exp OR‘(Doxorubicin)’/exp OR‘(Ifosamide)'/exp
(#3) ‘(overall survival)/exp OR‘(progressive-free survival)/exp
(#4) #1 AND #2 AND #3
(#1) (Osteosarcoma): ti,ab,kw OR (Chemotherapy): ti,abkw OR (osteosarcomas): ti,ab,kw
Cochrane Librar #2)
Y (#3) (overall survival): tiabkw OR (progressive-free survival)
(#4) #1 AND #2 AND #3

“Methotrexate” [MeSH terms] OR “Cisplatin”[all fields] OR “Doxorubicin” [all fields] OR “Ifosamide” [all fields]

(Methotrexate): ti,ab,kw OR (Cisplatin): ti,ab,kw OR (Doxorubicin): ti,ab,kw OR (Ifosamide): ti,ab,kw
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Search strategy

MeSH — medical subject headings; ti,ab,kw — terms in either title or abstract or keyword fields; exp — exploded indexing term.

4. Studies in which data were adequately described to
estimate the overall pooled effect size of the intervention
and 95% confidence interval (95% CI).

The exclusion criteria

The exclusion criteria were:

1. Reports, editorials, abstracts, reviews, animal experi-
ments, and studies in languages other than English;

2. Publications with missing or incomplete outcomes;

3. Research articles with aims other than the exami-
nation of the recommended first-line chemotherapeutic
regimens such as target receptor-based therapy, immuno-
therapy, radiotherapy, and vaccine-based therapy.

Data extraction

The methodological quality was evaluated and data
extraction was performed by 2 independent authors,
according to the Cochrane Collaboration guidelines.!2
We used a pre-designed form to summarize the study- and
participant-related variables under the following head-
ings: the name of the first author, study period, region,
target patients, study protocol, number of subjects, de-
mographical characteristics, applied chemotherapeutic
protocol, and survival status. The main outcome measures
included the OS rate, which is the time elapsed from the in-
clusion in the study to death or the last follow-up; event-
free survival (EFS), which is the time from the inclusion
in the study to metastatic disease appearance or death;
and the total number of adverse effects (grade >3) after
the implementation of different chemotherapeutic regi-
mens. The targeted adverse effects included neutropenia,
thrombocytopenia, cardiac and renal dysfunction, muco-
sitis, and anemia.

Risk of bias

Following data extraction, the authors assessed the qual-
ity of the chosen studies according to the Cochrane

Collaboration guidelines. The risk of bias was graded
as low, medium or high, and was assessed based on the em-
ployed randomization method, the outcome assessment
blinding, and any missing data or selective reporting.
We reviewed the original article to clarify any discrepan-
cies or misunderstandings.

Statistical analyses

The odds ratios (ORs) and 95% Cls were computed
using fixed- or random-effect models. The pooled esti-
mates of the interventions’ effect sizes and graphs were
performed using the Reviewer Manager (RevMan) soft-
ware v. 5.3 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark). The x? tests were
utilized to test for heterogeneity. The estimated 12 index
ranged between 0% and 100% and was used to evaluate
heterogeneity.!®* When the value of the I? index was 0%,
it was interpreted as an absence of heterogeneity, an I
index of 25% was identified as a low level of heterogene-
ity, and the values of 50% and 75% were identified to rep-
resent moderate and high heterogeneity levels, respec-
tively. If the I? index was higher than 50%, we applied
a random-effect model, and if it was less than 50%, we ap-
plied a fixed-effect model. The sensitivity analysis was
conducted to identify the source of significant incoher-
ence for the main outcomes. The value of p < 0.05 indi-
cated statistical significance. The assessment of bias was
quantitatively performed using the Egger’s regression test
(p < 0.05 denoted bias between studies), and qualitatively,
by visual inspection of the funnel plots.

Results

A total of 1258 potential publications were retrieved
through a database search. After full-text assessment,
12 studies met the inclusion criteria and were evaluated
in this meta-analysis.!*2* The process of literature search
and screening is depicted in Fig. 1. The selected studies
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involved a total of 4102 patients. All included studies were
randomized controlled trials (RCTs). The sample size
of the integrated studies ranged from 36 to 716 osteosar-
coma patients at the beginning of the trial. The main fea-
tures of the selected studies are summarized in Table 2.

The risk of bias in the eligible studies was evaluated ac-
cording to the Cochrane Collaboration tool (Risk of Bias
2 (RoB2)). All included trials adequately described the ran-
domization procedures, while blinding and allocation con-
cealment were variable. The evaluation of the risk of bias
is summarized in Fig. 2.

Overall survival rates

Four studies (n = 1886) reported data related to the 3-year
OS rates. The comparison of MAP with different thera-
peutic regimens, including doxorubicin and cisplatin
regimens or MAP chemotherapy regimens plus adjuvant
drugs, showed no differences between groups (OR = 1.08

(95% CI: 0.72-1.62), Z-test = 0.38, p = 0.700), with high
heterogeneity (I* = 69%), as shown in Fig. 3A. The sub-
group analysis of the pooled OR of the survival rate with
MAP chemotherapy compared to doxorubicin and cis-
platin combination chemotherapy revealed a significant
difference between the 2 groups regarding 3-year OS rates
(OR = 0.72 (95% CL: 0.56-0.92), Z-test = 2.59, p = 0.009)
(Fig. 3B).

The 5-year OS rate was assessed in 4 studies (n = 1657).
The forest plot, presented in Fig. 4A, summarizes the over-
all ORs with non-statistically significant differences be-
tween the arms of comparison (OR = 0.87 (95% CI: 0.62—
1.23), Z-test = 0.80, p = 0.420). Moderate heterogeneity was
observed (I = 57%). The subgroup analysis of the 5-year OS
rate after MAP chemotherapy compared to doxorubicin
and cisplatin combination chemotherapy revealed a non-
statistically significant difference (OR = 0.82 (95% CI: 0.58—
1.17), Z-test = 1.09, p = 0.270), with moderate heterogeneity
between the studies (12 = 73%, x? = 7.43, p = 0.020) (Fig. 4B).
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Table 2. Characteristics of the included studies

Study ID and

Study | Patients,

Country design n

publication year

Chemotherapeutic
regimen/number
of patients

449

Comparative group regimen/number

. Outcome measures
of patients

Linketal, 1991 USA RCT 36 MAP/18

Bromuelietal. Canada RCT 307 MAP/152

Bramwell et al.,

199716 Canada RCT 37 MAP/13

g/‘oeoy;? etal, USA RCT 399 MAP/232

Craft, 2009'® UK RCT 388 MAP/191

ggr{;[; etal, Italy RCT 246 MAP/123

\2/\(’;62'30” etal, UK RCT 179 MAP/90

Biclack et al international

o study RCT 716 MAP/359
(17 countries)

Marina et al international

o study RCT 618 MAP/310
(17 countries)

Z'trﬁ”‘z‘(’)"1N6§§‘ma”“ France RCT 315 MAP/156

Senerchia et al,,

01724 USA RCT 296 MAP/157

Gaspar et al,,

5018% France RCT 565 MAP/156

MAPI/18 OS, EFS, side effects

doxorubicin, cisplatin/155 OS, EFS, side effects

doxorubicin, cisplatin/24 OS, EFS, side effects

MAPI/167 OS, EFS, side effects

doxorubicin, cisplatin/197 OS, EFS, side effects

MAPI/123 OS, EFS, side effects

doxorubicin, cisplatin/89 OS, EFS, side effects

methotrexate, doxorubicin, cisplatin

olus alpha-2b/357 OS, EFS, side effects

methotrexate, doxorubicin, cisplatin )
plus etoposide-ifosfamide/308 U ERS stdle eiizsts
methotrexate, doxorubicin, cisplatin

plus zoledronate/159 OS, BFS, side effects

methotrexate, doxorubicin, cisplatin
plus MC/139

methotrexate, doxorubicin, cisplatin
plus etoposide-ifosfamide/409

OS, EFS, side effects

OS, EFS, side effects

MAP — methotrexate, doxorubicin and cisplatin; MAPI — MAP with ifosfamide; EFS — event-free survival; OS — overall survival; RCT — randomized controlled

trial; MC — metronomic chemotherapy.

Fig. 2. Summary plot of the risk of bias (RoB 2 tool) of the analyzed studies presented as percentages

Event-free survival rates

Six studies (n = 3001) reported data related to the 3-year
EFS. The comparison of MAP chemotherapy regimens
with other regimens revealed no significant differences,
with an overall OR of 1.04 (95% CI: 0.81-1.32, Z-test = 0.28,
p = 0.780). The estimated heterogeneity between studies
was moderate (I2 = 54%) (Fig. 5).

The 5-year EFS rate was reported in 6 studies (n = 1902).
The estimated 5-year EFS rate was 61.2% (1164/1902)
with the use of MAP regimens compared to the other

chemotherapeutic regimens. The forest plot, as shown
in Fig. 6A, revealed non-significant differences between
the comparison groups (OR = 1.13 (95% CI: 0.76-1.68), Z-
test = 0.61, p = 0.540) with moderate heterogeneity (I2 = 74%).
The subgroup analysis of the pooled OR of the 5-year EFS
rate with MAP chemotherapy compared to 2-drug combi-
nations, doxorubicin and cisplatin chemotherapy, revealed
a significant difference between the 2 groups in 5-year
EFS rates (OR = 0.57 (95% CI: 0.43-0.76), Z-test = 3.89,
p < 0.001) (Fig. 6B). The comparison of MAP regimen with
MAPI revealed preferable 5-year EFS rates with the addition
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Fig. 3. Forest plot of 3-year overall survival (OS) between methotrexate, doxorubicin and cisplatin (MAP) and other regimens of chemotherapy. A. Forest
plot of 3-year OS rates between MAP and other regimens of chemotherapy; B. Forest plot of MAP 3-year OS rates compared to the 2-drug chemotherapy

regimen, doxorubicin and cisplatin

SE - standard error; 95% Cl — 95% confidence interval; df — degrees of freedom.

Fig. 4. Forest plot of 5-year overall survival (OS) between methotrexate, doxorubicin and cisplatin (MAP) and other regimens of chemotherapy. A. Forest
plot of 5-year OS rates between MAP and other regimens of chemotherapy; B. Forest plot of MAP 5-year OS rates compared to the 2-drug chemotherapy

regimen, doxorubicin and cisplatin

SE - standard error; 95% Cl — 95% confidence interval; df — degrees of freedom.

of ifosfamide, as shown in Fig. 6C. However, the overall OR
was statistically non-significant (OR = 1.73 (95% CI: 0.96—
3.11), Z-test = 1.82, p = 0.070), with moderate heterogeneity
(% = 4.65, p = 0.100, I? = 57%). The adjustment for factors
such as gender, race, and age, as well as subgroup analysis
were not conducted because of the limited data on the influ-
ence of these variables in the included studies. We assessed
the impact of each study on the overall results using sensitiv-
ity analysis. The symmetrical shape of the funnel plots and

the results of Eggers’s test, as illustrated in Table 3, did not
show any evidence of publication bias.

Overall severe adverse effects and
systemic toxicities

The chemotherapy-related toxicities are summarized
in Table 4. Seven common adverse effects of chemother-
apy were observed in the eligible studies. These included
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Fig. 5. Forest plot of 3-year event-free survival (EFS) between methotrexate, doxorubicin and cisplatin (MAP) and other regimens of chemotherapy

SE - standard error; 95% Cl - 95% confidence interval; df — degrees of freedom.

Fig. 6. Forest plot of 5-year event-free survival (EFS) between methotrexate, doxorubicin and cisplatin (MAP) and other regimens of chemotherapy. A. Forest
plot of 5-year EFS rates between MAP and other regimens of chemotherapy; B. Forest plot of MAP 5-year EFS rates compared to 2-drug chemotherapy
regimen, doxorubicin and cisplatin; C. Forest plot of MAP 5-year EFS compared to the MAP with ifosfamide (MAPI) regimen

SE - standard error; 95% Cl — 95% confidence interval; df — degrees of freedom.

neutropenia, febrile neutropenia, thrombocytopenia, hy-
pophosphatemia, cardiac toxicity, mucositis, and anemia.
Neutropenia events were the most common, with an in-
cidence rate of 87.4% (615/703) for MAP or MAPI regi-
mens and 92.9% (416/448) for other chemotherapy regi-
mens. The thrombocytopenia incidence rate was lower for

the MAP or MAPI regimen (69.1% (484/700)), compared
to other combinations of chemotherapy (78.9% (355/450)).
The incidence rates for febrile neutropenia and anemia
were lower for MAP or MAPI regiments compared to other
chemotherapy combination regimens: 62.8% compared
to 79.5% and 70.2% compared to 81.6%, respectively.
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Table 3. Egger’s test results for publication bias
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Egger’s test
Outcome
t p-value

MAP vs. other 1.02 0.356

3-year OS
o MAP vs. 2-drug regimen 1.08 0.841
MAP vs. other —0.66 0.752

5-year OS
MAP vs. 2-drug regimen 0.53 0923
3-year EFS MAP vs. other 033 0.633
£Fs MAP vs. other 0.87 0.325
5-year EFS MAP vs. 2-drug regimen 042 0.561
MAP vs. MAPI 0.21 0.582

MAP — methotrexate, doxorubicin and cisplatin; MAPI - MAP with ifosfamide; EFS — event-free survival; OS — overall survival.

Table 4. Complications and adverse effects

MAP or MAPI chemotherapy Other chemotherapy regimens
Adverse effects* Events, n Patients, n
events/patients, n events/patients, n

Neutropenia 1031 1151
Thrombocytopenia 839 1150
Febrile neutropenia 1221 1716
Hypophosphatemia 202 885
Cardiac toxicity 27 1283
Mucositis 256 838
Anemia 689 908

615/703 0.874 416/448 0.929
484/700 0.691 355/450 0.789
538/857 0.628 683/859 0.795
69/442 0.156 133/443 0.30
11/639 0.017 16/644 0.025
127/423 0.30 129/415 0.311
321/457 0.702 368/451 0816

* severe adverse effects with grade >3; MAP — methotrexate, doxorubicin and cisplatin; MAPI = MAP with ifosfamide.

Discussion

Osteosarcoma is the most prevalent bone tumor
in the young age group, with a high mortality rate and
the risk of metastasis to other organs, commonly the lymph
nodes and lungs, in about 30% of patients.?® Multi-drug
combination chemotherapy and surgery have been as-
sociated with improved survival rates of up to 80%.>%
The frontline chemotherapy combination for osteosarcoma
treatment includes high-dose methotrexate, cisplatin and
doxorubicin with or without ifosfamide. However, the over-
all efficacy of this regimen is still controversial in many
RCTs. To the best of our knowledge, this study is the latest
meta-analysis on the effectiveness and tolerability of first-
line chemotherapy combination drugs for osteosarcoma.

This meta-analysis included 12 RCTs with a total
of 4102 patients. The outcomes for the 3- and 5-year OS
and EFS were used for efficacy assessment. The total num-
ber of severe adverse events was evaluated as a measure
of the safety and tolerability of different chemotherapeutic
regimens. Based on the conducted analysis, no signifi-
cant difference was observed in the survival rate between
MAP and other regimens. These results are consistent
with a recently published meta-analysis by Yu et al.28 How-
ever, the subgroup analysis showed that the MAP regimen
significantly improved 3-year OS and 5-year PFS when
compared to the doxorubicin and cisplatin combination.

Consistent with our results, Bacci et al. reported signifi-
cant survival benefits with a methotrexate-based regi-
men among patients with osteosarcoma.? High-dose
methotrexate seems to play a pivotal role in the efficacy
of the multi-drug combination regimen; however, its ex-
act mechanism has not yet been clarified.3? Ifosfamide,
a cyclophosphamide analog, is a highly effective thera-
peutic agent in osteosarcoma treatment. In our results,
the comparison of MAP with MAPI revealed a favorable
5-year event-free prognosis with the addition of ifosfamide
to the regimen, but the difference was not significant
(p = 0.070). The relatively small number of the included
studies could have prevented the detection of significance.
A meta-analysis conducted by Fan et al. reported a reduced
mortality rate of about 17% and remarkable responses with
a chemotherapeutic regimen based on ifosfamide.3!

According to our results, the MAPI regimen could sig-
nificantly improve the survival rates of patients with os-
teosarcoma compared to the 2-drug chemotherapeutic
regimen (doxorubicin and cisplatin). Furthermore, MAPI
showed better outcomes compared to the MAP regimen;
however, the difference was non-significant.

Although the MAP regimen, with or without ifosfamide,
showed better responses and prognoses in patients with
osteosarcoma, its adverse effects are also a matter of con-
cern. The safety assessment of MAP and MAPI chemo-
therapy-based regimens showed lower rates of toxicities,



Adv Clin Exp Med. 2024;33(5):445-454

including neutropenia, thrombocytopenia, febrile neu-
tropenia, hypophosphatemia, cardiac toxicity, mucositis,
and anemia. These results are consistent with the meta-
analysis by Yu et al., which reported lower rates of adverse
effects with MAP-based regimens, especially with regards
to febrile neutropenia, thrombocytopenia, anemia, and hy-
pophosphatemia.?® The combination of both neoadjuvant
and adjuvant chemotherapeutic regimens with surgery
has become the major strategy for osteosarcoma treat-
ment.?? The addition of neoadjuvant chemotherapy before
resection has many advantages, including better control
of the primary tumor, reduced metastasis incidence, and
early assessment of the prognosis. Several studies have
confirmed a similar efficacy with MAPI as neoadjuvant
and adjuvant chemotherapy regimen.3233

This meta-analysis had numerous strong points. First,
this is the latest meta-analysis on the efficacy and safety
of the first-line regimens of chemotherapy for osteosar-
coma treatment. Second, we explored the efficacy of the if-
osfamide addition to the MAP regimen, and we compared
the 2-drug regimen, cisplatin/doxorubicin, with the metho-
trexate-based multi-chemotherapy regimens. Third, the ab-
sence of publication bias was evident qualitatively, after
visual inspection of the funnel plot, and quantitatively, after
conducting the statistical test for publication bias. Besides,
our findings provide clear and concise evidence for the ef-
ficacy and safety of osteosarcoma chemotherapy.

Limitations

Nonetheless, the present meta-analysis had some limita-
tions. The main limitation of the study was the use of evi-
dence with potential bias. Some of the included RCTs did
not adequately describe the allocation and blinding tech-
niques, which might affect the validity of the findings.
Second, the lack of adjustment to the confounding factors
could affect the overall outcomes. Besides, some compari-
sons included a small number of studies; therefore, further
studies are warranted to develop the optimum strategy for
osteosarcoma treatment and prognosis.

Conclusions

The MAP chemotherapy regimen for osteosarcoma
showed superiority over other regimens, especially over
the 2-drug regimen (doxorubicin/cisplatin) for osteosar-
coma treatment in terms of better prognosis and safety.
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