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Abstract: Background: Chemotherapy improves the survival rate of patients with non-metastatic osteosarcoma from 
20% to 70%. However, the role of ifosfamide (IFO) in combination with other agents is still controversial. We con-
ducted this meta-analysis to assess the efficacy of IFO in patients with non-metastatic osteosarcoma. Methods: An 
electronic search of PubMed, The Cochrane Library and EMBASE was performed using the search terms osteosar-
coma and ifosfamide for studies published prior to Sep 6, 2014. All randomized controlled trials and observational 
comparative studies were included to compare the regimens of IFO to those without IFO for patients with non-
metastatic osteosarcoma. Results: Eight studies with a high quality of methodology were included in the analyses, 
involving 1724 patients. No significant differences were demonstrated in the 5-year event free survival (EFS) (OR = 
0.98, 95% CI: 0.57-1.69, P = 0.94, random effects model), overall survival (OS) (OR = 0.74, 95% CI: 0.44-1.26, P = 
0.27, random effects model) or histological response rate (OR = 1.09, 95% CI: 0.88-1.34, P = 0.44, random effects 
model) between regimens containing IFO and those without IFO. For patients without IFO receiving neo-adjuvant 
chemotherapy, good histological responders had a better 5-year EFS (OR = 0.50, 95% CI: 0.29-0.83, P = 0.008, 
fixed effects model) than poor responders even when salvage chemotherapy including IFO was performed. The 
regimens with IFO caused more myelo-suppressive events, such as leukopenia, thrombocytopenia, and febrile neu-
tropenia, than those without IFO (P < 0.005, respectively). Conclusion: The non-metastatic osteosarcoma patients 
treated with IFO had a similar histological response rate and 5-year EFS and OS, but more myelo-suppressive events 
than the patients treated without IFO. Whether IFO can be recommended as a first line therapy for patients with 
non-metastatic osteosarcoma should be identified in further studies.
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Introduction

Osteosarcoma is the most common primary 
malignant bone tumor that typically occurs in 
children, adolescents and young adults [1]. A 
combination of neo-adjuvant chemotherapy, 
surgery and adjuvant chemotherapy is regard-
ed as the standard treatment. The 5-year over-
all survival (OS) of non-metastatic patients has 
improved dramatically to 70% since the multi-
agent chemotherapy was introduced in the 
1970s. The use of multi-agent neo-adjuvant 
chemotherapy also decreases the rate of 
amputation surgery for osteosarcoma patients. 
Unfortunately, the 5-year OS decreases to 

20-30% when metastasis occurs [2]. The most 
commonly used agents are high-dose metho-
trexate (HDMTX), cisplatin, doxorubicin and 
ifosfamide (IFO). However, it is still unclear how 
to combine these agents to obtain the best sur-
vival outcome and less toxic events.

IFO is the most controversial agent among 
these four drugs, and it was recommended as 
the first line therapy by the National Com- 
prehensive Cancer Network (NCCN) in 2014. 
Some trials have demonstrated that IFO can 
increase the survival rate and histological 
response rate for osteosarcoma patients, while 
some studies have reported that IFO does not 
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increase the survival rate. However, the 
Children’s Oncology Group found that the addi-
tion of IFO improved only the histological 
response, and not the OS among osteosarco-
ma patients [3]. 

Additionally, the toxicity of multi-agent chemo-
therapy is also an issue that cannot be ignored 
during long-time chemotherapy. The patients 
usually suffer from a high rate of toxicity, such 
as leukopenia, thrombocytopenia, nausea and 
vomiting, even when granulocyte colony-stimu-
lating factor support is administered. The multi-
agent chemotherapy also affects the protocol 
compliance of patients. However, it is still 
unclear whether the use of IFO will increase tox-
icity events or not.

We conducted this meta-analysis to assess the 
effect of IFO on osteosarcoma patients, and to 
explore whether IFO should be added to neo-
adjuvant or adjuvant chemotherapy.

Method

Literature sources

A comprehensive search of databases, includ-
ing PubMed, Cochrane Library, and EMBASE, 
was performed by searching the terms osteo-
sarcoma and ifosfamide. The related article 
function was used to broaden the search. Two 
authors independently screened the titles and 
abstracts to determine potential eligibility for 
this study. When discrepancies occurred, a 
consensus was achieved after further discus-
sion. The latest search date was August 19, 
2014.

Inclusion and exclusion criteria

The inclusion criteria were defined as follows: 
1. prospective or retrospective comparative 
studies; 2. only involved patients with non-met-
astatic osteosarcoma; 3. neo-adjuvant and 
adjuvant chemotherapies were performed; 4. 
having two different regimens, and IFO was 
involved in at least one of the regimen; and 5. 
the article was reported in English. Phase I and 
II studies or studies without data of the 5-year 
OS and 5-year event-free survival (EFS) were 
excluded. The newest and most informative 
article was selected when multiple studies 
were published by the same group during the 
same period.

Definition and data extraction

EFS was calculated from the time of diagnosis 
until tumor recurrence, occurrence of a second-
ary tumor, death or the last follow-up examina-
tion. OS was calculated from the time of diag-
nosis to death or the last follow-up examina-
tion. Histological response was analyzed by the 
percentage of tissue necrosis. When more than 
90% of tissue necrosis was observed, the 
patients were classified as having a good 
response. Otherwise, patients were regarded 
as poor response. Two authors independently 
extracted the following data: first author, year 
of publication, 5-year OS, 5-year EFS, histologi-
cal response rate, toxicity events (death related 
to chemotherapy, leukopenia, thrombocytope-
nia, anemia, febrile neutropenia, red blood cell 
(RBC) transfusion, platelet transfusion, mucosi-
tis, nausea and vomiting). We contacted 
authors for original data if relevant information 
was unclear or missing.

Quality assessment

Two authors independently assessed the qual-
ity of each included study to determine whether 
the selected studies were appropriate for pool-
ing data. The methodological quality of random-
ized controlled trials (RCTs) by the modified 
Jadad scale with a score of 0-10 was assigned 
to each trial [4]. A study was regarded as low 
quality, if the score was less than 4. The 
Newcastle-Ottawa Scale (NOS) was used to 
assess the quality of observational compara-
tive studies with a score of 0-9 assigned to 
each study [5]. A study was regarded as low 
quality, if the score was less than 5. Additionally, 
the heterogeneity of each study was valued 
through a visual inspection of forest plots and 
with a standard chi2 test and inconsistency (I2) 
statistic. P values less than 0.05 or I2 more 
than 50% indicated significant heterogeneity.

Outcome measure

The primary outcomes of this meta-analysis 
were comparisons of 5-year EFS and OS 
between different chemotherapy regimens with 
or without IFO. Subgroup analyses were also 
performed according to study types, including 
IFO used in neo-adjuvant or adjuvant chemo-
therapy and histological response to IFO. The 
secondary outcomes included comparisons of 
the histological response rate, metastasis free 
survival, and toxicity event rate.
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Statistical analysis

The meta-analysis was performed using  
Review Manager (version 5.0, the Cochrane 
Collaboration) using two-side hypothesis test-
ing with alpha = 0.5. The odds ratio (OR) was 
chosen to compare the dichotomous variables. 
Additionally, the heterogeneity of each study 
was valued through a visual inspection of forest 
plots and with a standard chi2 test and incon-
sistency (I2) statistic. P values less than 0.05 or 
I2 more than 50% indicated significant hetero-
geneity. Statistical significance was set at a P 
value ≤ 0.05.

Result

Overview of the included studies (Figure 1)

A total of 563 articles were identified through 
the comprehensive search, of which 511 arti-

cles were excluded according to a screen of the 
titles and abstracts. Nineteen full-text articles 
were assessed for eligibility after further evalu-
ation. Finally, 8 articles were included [3, 6-12], 
leaving 11 articles excluded. Among the exclud-
ed articles, 5 studies were excluded because of 
insufficient data on OS and EFS [13-17], 2 stud-
ies were excluded as one arm studies [18, 19], 
1 excluded study was written in German [20], 2 
excluded studies focused on different sarco-
mas [21, 22] and 1 excluded study compared 
regimens with IFO and regimens without IFO on 
metastatic osteosarcoma [23].

The characteristic of the included studies 
(Table 1) and quality assessment

Nine studies involving 1724 patients were 
included. The baseline characteristics of the 
patients were shown in the Table 1. Three of 

Figure 1. Selection of studies for in-
clusion in the meta-analysis.
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the included studies were prospective, while 
the other 5 were retrospective. The efficacy of 
IFO was compared in the neo-adjuvant regi-
mens in 5 studies, while the other 3 studies 
focused on the efficacy of IFO in the adjuvant 
regimens. All of the RCTs had a score higher 
than 4 (7.7 ± 1.5) and were considered high 
quality. The scores of the observational com-
parative studies were not less than 5 (6.0 ± 
0.7), and were regarded as high quality. There 
were 5 agents administered in the included 
studies: methotrexate (MTX), cisplatin (CDP), 
Adriamycin (ADM), ifosfamide (IFO), and etomi-
date (ETO).

Primary outcomes

No significant differences were found in the 
comparison of the 5-year EFS (OR = 0.75, 95% 
CI: 0.47-1.19, P = 0.22, random effects model, 
Figure 2) or OS (OR = 0.73, 95% CI: 0.43-1.26, 
P = 0.26, random effects model, Figure 3) 
between regimens containing IFO and regimens 
without IFO.

As for subgroup analysis according to different 
study types, a significant difference was noted 
in the 5-year EFS for retrospective studies (OR 
= 0.53, 95% CI: 0.31-0.90, p = 0.02, random 

Table 1. Characteristics of the included studies

Study ID Study type Total number of 
patients

Age (years)  
Median (range) Female (%) Follow-up  

Median (range)
Ferrari 2012 prospective 246 14 (4-39) 100 (41) 76 (31-115)
Hong 2011 retrospective 124 16 (4-59) 58 (46.8) 68.4 (4.8-200)
Meyers 2008 prospective 657 NR 301 (45) 92.4 (NR)
Deley 2007 prospective 234 13.2 (3.1-19.5) 103 (44) 77 (36-120)
Ferrari 1999 retrospective 94 15 (4-40) 46 (48) 90 (72-106)
Rha 1999 retrospective 36 16 (8-41) 16 (44.4) 23 (10-98)
Fuchs 1998 retrospective 169 NR 64 (37.9) 100 (NR)
Bacci 1993 retrospective 164 NR 75 (45.7) 54 (36-76)
No. of increased 
ALP patients (%)

No. of increased 
LDH patients (%) Neoadjuvant chemotherapy regiments Adjuvant chemotherapy regiments

84 (40) 62 (31) MTX+CDP+ADM+/-IFO MTX+CDP+ADM+/-IFO
92 (74.2) NR CDP+ADM+/-IFO CDP+ADM+/-IFO
267 (41) 238 (36) MTX+CDP+ADM+/-IFO MTX+CDP+ADM+/-IFO
59 (25) NR MTX+/-ADM+/-(IFO+ETO) MTX+/-(IFO+ETO)+/-(CDP+ADM)
41 (43) 29 (31) MTX+CDP+ADM MTX+CDP+ADM+/-IFO
12 (32.4) NR CDP+ADM CDP+ADM+/-(IFO+ETO)
NR NR MTX+CDP+ADM+/-IFO MTX+CDP+ADM+/-IFO
85 100 MTX+CDP+ADM MTX+CDP+ADM+/-(IFO+ETO)
NR: No record; ALP: alkaline phosphatase; LDH: lactate dehydrogenase; MTX: methotrexate; CDP: cisplatin; ADM: adriamycin 
mycin; IFO: ifosfamide; ETO: etomidate.

Figure 2. Effects of IFO on 5-year EFS.
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effects model, Supplementary Figure 1). 
However, no difference was found in the 5-year 
EFS for prospective studies (OR = 0.89, 95% CI: 
0.49-1.63, P = 0.71, random effects model, 
Supplementary Figure 1) or the 5-year OS for 
retrospective studies (OR = 0.98, 95% CI: 0.74-
1.31, P = 0.90, random effects model, 
Supplementary Figure 2). When the studies 
with the same regimens (HDMTX-CDP-ADM vs. 
HDMTX-CDP-ADM-IFO) were selected to per-
form subgroup analysis, there was no differ-
ence in the 5-year EFS (OR = 0.69, 95% CI: 
0.27-1.77, P = 0.44, random effects model, 
Supplementary Figure 3) or OS (OR = 0.84, 95% 
CI: 0.41-1.69, P = 0.62, random effects model, 
Supplementary Figure 4).

Secondary outcomes

The pooled OR of the histological response rate 
between regimens containing IFO in the neo-
adjuvant chemotherapy and those without IFO 
was 1.09 (95% CI: 0.88-1.34, P = 0.44, random 
effects model, Figure 4), based on 1259 
patients from 4 studies. Interestingly, when the 
poor responders receiving neo-adjuvant che-
motherapy without IFO were administered sal-
vage adjuvant chemotherapy containing IFO, 
the 5-year EFS was worse than the good 
responders receiving chemotherapy without 
IFO (OR = 0.50, 95% CI: 0.29-0.83, P = 0.008, 
fixed effects model, Figure 5). Additionally, 
there was a significant difference in the 3-year 

Figure 3. Effects of IFO on 5-year 0S.

Figure 4. Effects of IFO on histological response rate.

Figure 5. 5-year EFS of IFO on poor histological responsers without IFO in the neoadjuvant.
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EFS compared the poor responders with the 
good responders without IFO in the neo-adju-
vant chemotherapy (OR = 0.27, 95% CI: 0.12-
0.57, P = 0.0007, fixed effects model, Figure 6).

Table 2 summarized all of the toxic event rates 
between regimens with IFO and those without 
IFO. The incidence of anemia, mucositis, nau-
sea and vomiting between regimens with IFO 
and those without IFO was not significantly dif-
ferent. However, the addition of IFO led to sig-
nificantly higher incidences of leukopenia (OR = 
5.91, 95% CI: 1.28-27.33, P = 0.02, random 
effects model, Supplementary Figure 6), throm-
bocytopenia (OR = 5.85, 95% CI: 3.36-10.17,  
P < 0.00001, random effects model, Supple- 
mentary Figure 7), febrile neutropenia (OR = 
3.32, 95% CI: 2.32-4.74, P < 0.00001, random 
effects model, Supplementary Figure 8), RBC 
transfusion (OR = 2.15, 95% CI: 1.89-3.54, P < 
0.00001, random effects model, Supple- 
mentary Figure 9) and PLT transfusion (OR = 
2.59, 95% CI: 1.89-3.54, P < 0.00001, random 
effects model, Supplementary Figure 10) com-
pared to those without IFO. No difference was 
found in the death related to chemotherapy 

between regimens with or without IFO 
(Supplementary Figure 5).

Discussion

Our meta-analysis summarized all eligible stud-
ies comparing the effect of IFO for osteosarco-
ma patients. Three RCTs and five observational 
comparative studies were collected, involving 
1724 patients with non-metastatic osteosar-
coma. The pooled data revealed that the che-
motherapy regimens with IFO had similar rates 
of 5-year OS, EFS and histological response 
than those without IFO. As for patients treated 
without IFO in the neo-adjuvant chemotherapy, 
poor responders had a worse survival rate than 
good responders even using salvage chemo-
therapy with IFO. However, more toxic events 
occurred with the use of IFO.

IFO is a typical nitrogen mustard alkylating 
agent, containing the ethylene immonium ion, 
which can combine with the double bonds of 
DNA. Therefore IFO can interfere with the repli-
cation and transcription of cancer cells. It is 
widely used in lung cancer, breast cancer, and 

Figure 6. 3-year EFS of IFO on poor histological responsers without IFO in the neoadjuvant.

Table 2. Summary of Secondary Outcomes 

Clinical Outcome No. Studies Odds Ratio(95% CI, P) P value for Chi2 I2 (95% CI) for 
OR (%)

Death related to chemotherapy 2 3.05 (0.31-29.73, 0.34) NA NA
Leukopenia 3 5.91 (1.28-27.33, 0.02) 0.002 84
Thrombocytopenia 2 5.85 (3.36-10.17, < 0.00001) 0.48 0
Anemia 1 NA NA NA
Febrile neutropenia 3 3.32 (2.32-4.74, < 0.00001) 0.08 52
RBC transfusion 2 2.15 (1.71-2.70, < 0.00001) 0 64
PLT transfusion 2 2.59 (1.89-3.54, < 0.00001) 0 85
Nausea and vomiting 1 NA NA NA
Mucositis 1 NA NA NA
Renal toxin 1 NA NA NA
NA: not applicable.
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sarcoma. However our results did not support 
the addition of IFO to first-line chemotherapy for 
non-metastatic osteosarcoma. Additionally, 
according to the INT-0133 study, the regimens 
containing IFO were not better than those with-
out IFO for patients with metastatic osteosar-
coma [23]. Recently, Judson reported a ran-
domized controlled phase 3 trial that demon-
strated that the combination of IFO and doxoru-
bicin was not superior to doxorubicin alone for 
first-line treatment of advanced soft-tissue sar-
coma [24]. The underlying mechanism is still 
unknown. These results may be due to a pla-
teau that was reached by these three or four 
agents for patients with non-metastatic osteo-
sarcoma. Therefore it was very important to 
identify as less as few drugs as possible to 
reach the plateau with less toxic events.

Table 1 indicated that different regimens were 
compared in different studies, so we performed 
subgroup analyses by distinguishing between 
different chemotherapy regimens containing 
IFO. A significant difference in the 5-year EFS in 
retrospective studies may result from data bias 
in case selection. Because IFO may interact 
with other drugs, studies using the same regi-
mens (MTX+CDP+ADM+/-IFO) were selected for 
subgroup analysis. Nevertheless, no differenc-
es were found. These findings were consistent 
with the previous studies concentrating on the 
effect of IFO on non-metastatic Ewing’s sarco-
ma [25].

Our results revealed that IFO cannot increase 
the histological response rate when added to 
neo-adjuvant chemotherapy. This finding was 
not consistent with previous studies in which 
regimens with 4 drugs (MTX+CDP+ADM+IFO) 
were able to increase the histological response 
rate. This result may be due to different neo-
adjuvant regimens that were used in the includ-
ed four studies on histological response rate. 
Two studies compared MTX+CDP+ADM with 
MTX+CDP+ADM+IFO, while one study com-
pared CDP+ADM with CDP+ADM+IFO, and one 
study compared MTX+ADM with MTX+IFO+ETO. 
Furthermore, previous studies demonstrated 
that an increased histological response rate 
could translate into a better survival outcome 
[26]. In the current study, the link between his-
tological response and survival outcome was 
not explored, because insufficient original data 
were extracted from the published paper and 
bias caused by different regimens cannot be 

ignored. This link should be further studied by 
well-designed RCTs in the future.

However, for patients receiving neo-adjuvant 
chemotherapy without IFO, many centers prefer 
to add IFO to the patients with a poor histologi-
cal response as a salvage chemotherapy. 
Unfortunately, our study demonstrated that 
these patients with poor histological response 
had a significantly lower survival rate than 
those with good response, even using the sal-
vage chemotherapy. On one hand, the worse 
outcomes were not caused by IFO. These 
patients with a poor response may develop 
resistance after neo-adjuvant chemotherapy. If 
the dose of IFO was increased, it may overcome 
the resistance. However, increased toxic events 
may be accompanied by the increased dose. 
On the other hand, our results demonstrated 
that IFO would increase toxicity events, which 
may weaken the patient’s status and immune 
system. As Issels’s study demonstrated IFO 
sensitively targeted human lymphocytes 
through metabolic stress during treatment 
[27]. Therefore, the addition of IFO to the 
patients with a poor response would be detri-
mental to the survival outcome. It was still 
unclear whether an intensified dose of IFO in 
the salvage chemotherapy can improve the sur-
vival outcome of patients with poor histological 
response. How to increase the survival out-
comes of these patients with poor histological 
response should be analyzed in further 
studies.

Toxicity events caused by chemotherapy are 
not uncommon and affect the quality of life of 
patients, as most of them are young and suffer 
from the long therapy period. Based on our 
analyses, regimens containing IFO were signifi-
cantly more myelosuppressive than regimens 
without IFO. This finding is consistent with stud-
ies concentrating on effects of IFO on meta-
static soft tissue sarcoma and Ewing’s sarco-
ma, both of which found that regimens with IFO 
caused more toxic events [28]. IFO can irrevers-
ibly inhibit the proliferative response to inter-
leukin-2 in a dose-dependent manner and also 
induce phosphorylation of HSP27 by depleting 
glutathione [29]. However, the incidence of 
mucosa reactions cannot be pooled because 
of insufficient data. Based on the only study 
that reported data on mucosa reactions, the 
incidence of mucosa reactions was quite simi-
lar between regimens with IFO and those with-
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out IFO. As prior review reported that high inci-
dence of grade 3 or 4 mucositis was associated 
with longer survival [26]. The survival rate in 
the study was not significantly different. This 
finding demonstrates the internal integrity of 
our study. However, the incidences of encepha-
lopathy and cardiotoxicity were not reported in 
the included studies, which are regarded as 
specific toxic events caused by IFO.

The current meta-analysis had some limita-
tions that must be considered. First, there were 
only 3 RCTs and 5 observational studies includ-
ed in this meta-analysis. Second, between-
study heterogeneity was significant for chemo-
therapy regimens. The chemotherapy regimens 
used at the different cancer centers may be 
slightly different, such as different agents, dif-
ferent ways to receive the drugs and different 
doses of one agent. It would be ideal to pool 
data from different RCTs using the same che-
motherapy regimens. However, it is extremely 
difficult to conduct RCTs to compare chemo-
therapy regimens. This issue highlights the 
importance of conducting meta-analyses.

Conclusion

This meta-analysis provides some evidences 
that the chemotherapy regimens with IFO have 
similar 5-year EFS, OS and histological response 
rates compared to regimens without IFO, but 
cause more myelosuppressive events. Even 
when IFO was used as salvage chemotherapy, 
the poor responders had a lower survival rate 
than the good responders. Whether IFO can be 
recommended as a first line therapy for patients 
with non-metastatic osteosarcoma should be 
identified in further studies.
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Supplementary Figure 1. Effects of IFO on 5-year EFS in different types of studies. 

Supplementary Figure 2. Effects of IFO on 5-year OS in different types of studies.

Supplementary Figure 3. Effects of IFO on 5-year EFS with same regiments studies.
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Supplementary Figure 4. Effects of IFO on 5-year OS with same regiments studies.

Supplementary Figure 5. Toxic effects of IFO on death.

Supplementary Figure 6. Toxic effects of IFO on leukopenia.

Supplementary Figure 7. Toxic effects of IFO on thrombocytopenia.
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Supplementary Figure 8. Toxic effects of IFO on febrile neutropenia.

Supplementary Figure 9. Toxic effects of IFO on RBC transfusion.

Supplementary Figure 10. Toxic effects of IFO on PLT transfusion.


