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Abstract: Accumulated evidence has indicated a correlation between IGF-1R and bone and 

soft tissue sarcoma (BSTS) progression. However, research on the prognostic role of IGF-1R 

in sarcomas has revealed very different or even totally opposite results. This meta-analysis 

aimed to unveil the controversial role IGF-1R plays in predicting the outcome of BSTS patients. 

We systematically reviewed the evidence for the effect of IGF-1R expression in multiple types 

of BSTSs, including osteosarcoma, Ewing’s sarcoma, synovial sarcoma, liposarcoma, and 

rhabdomyosarcoma, to elucidate this issue. The prognostic value of IGF-1R expression in BSTS 

patients was evaluated regarding overall survival, measured by pooled hazard ratios (HRs) with 

95% confidence intervals (CIs). Seven studies including 627 patients were enrolled in this meta-

analysis. Our results demonstrated that IGF-1R expression was associated with poor outcome 

in terms of overall survival in BSTS patients (pooled HR =2.15, 95% CI: 1.06–4.38; P=0.03). 

In subtypes of BSTSs, elevated IGF-1R expression was revealed to be significantly correlated 

with worse prognosis in osteosarcoma (pooled HR =2.20, 95% CI: 1.59–0.03; P,0.001), 

while no statistical significance was discovered in Ewing’s sarcoma (pooled HR =1.01, 95% 

CI: 0.45–2.27; P=0.99). Expression of IGF-1R could be a negative prognostic biomarker for 

patients suffering from BSTSs.
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Introduction
Bone and soft tissue sarcomas (BSTSs) are a heterogeneous group of malignant tumors 

that originate from mesenchymal tissue, including osteosarcoma, Ewing’s sarcoma 

(EWS), synovial sarcoma (SS), liposarcoma, rhabdomyosarcoma, etc. Most of them, 

especially osteosarcoma and EWS, are aggressive tumors that require complete surgi-

cal resection and consequently, affect quality of life.1 Although advances in 5-year 

survival have been achieved in recent decades, patients are still suffering from tumor 

relapse and metastasis. For patients with low-grade BSTSs, the prognosis is usually 

not bad, and conventional therapeutic regimens will meet the demand, whereas in high-

grade cases, where the prognosis is poor, the puzzling question arises as to whether 

patients should receive more aggressive treatment. There are still a substantial number 

of BSTS patients for whom outcomes cannot be reliably predicted during the treat-

ment. Hence, potential prognostic markers, such as some disease-related symptoms 

and biological indicators, should be evaluated and will consequently help in making 

therapeutic strategies. In our previous research, we analyzed the prognostic value of 

pathologic fracture in osteosarcoma.2 Nevertheless, a single marker is obviously far 

from satisfactory in dealing with treatments, and some laboratory examinations should 

be included. As BSTSs involve a series of tumors, a widely expressed protein may be 

the optimum choice to analyze its potential in predicting prognosis.
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There is abundant evidence that the insulin-like 

growth factor (IGF) system plays an important role in the 

malignancy of BSTSs.3,4 IGF pathway-targeted therapy is 

underway in a substantial number of clinical trials.5,6 How-

ever, IGF-1R, a member of the IGF-1 signaling pathway, 

plays an elusive role in sarcomas. Upregulated expression 

of IGF-1R was observed in multiple kinds of sarcomas,7 

and increasing evidences has suggested that IGF-1R is 

involved in survival of osteosarcoma,8 EWS,9 SS,10 etc. 

Nevertheless, research on the prognostic role of IGF-1R 

in BSTSs has revealed very different or even totally oppo-

site results. In osteosarcoma, Wang et al11 demonstrated 

that patients with elevated IGF-1R expression had poorer 

survival, and high IGF-1R expression was an independent 

prognostic maker, whereas a study by van de Luijtgaarden 

et al12 presented the results that IGF-1R seemed to have 

a favorable role in overall survival (OVS), although the 

finding was not statistically significant. It might owe to the 

interference of IGF-1R pathway which consequently sen-

sitized osteosarcomas to chemotherapy.13,14 EWS research 

by Scotlandi et al15 revealed that high levels of IGF-1R 

expression correlated with favorable outcome, while van 

de Luijtgaarden et al16 demonstrated that there was no sta-

tistical difference in the OVS of patients with or without 

positive IGF-1R, despite the lower survival rate of patients 

with highly expressed IGF-1R. In other BSTSs, such as 

SS, liposarcoma, and rhabdomyosarcoma, IGF-1R was 

considered to negatively influence survival of patients;17–19 

at the same time, a study on multiple soft tissue sarcomas 

showed a significant association between high expression 

of IGF-1R and favorable outcome, although the numbers 

of SS, liposarcoma, and rhabdomyosarcoma were small 

(n=3, 16, and 1, respectively).20

In consideration of these conflicting research results, a 

meta-analysis was needed. In this study, by pooling results 

from the available data, we sought to make an objective 

evaluation of the prognostic significance of high IGF-1R 

expression level for OVS in patients suffering from BSTSs, 

including osteosarcoma, EWS, SS, liposarcoma, and 

rhabdomyosarcoma.

Materials and methods
Data strategies
This meta-analysis was performed according to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) standardized guidelines. A literature search was 

conducted to identify publications relating to the association 

of IGF-1R expression with BSTSs. The Web of Science 

and PubMed databases were searched for the period up 

to and including April 2015 to locate related publications.  

The search strategy was based on combinations of the 

following terms: “IGF-1R”, “sarcoma”, “osteosarcoma”, 

“Ewing”, “synovial”, “liposarcoma”, “rhabdomyosarcoma”. 

All searches were limited to the English language. Citations 

that included the key terms in either the title, abstract, article, 

or Medical Subject Heading (MeSH) terms were retained. 

The references of retrieved articles also were screened for 

relevance.

study selection
The eligibility of studies was assessed by two independent 

reviewers (Liang and Li). All contradictions were seriously 

discussed until a consensus was reached. The abstracts of 

all candidate articles were read for preliminary screening. 

Articles that could not be categorized based on the title and 

abstract were retrieved for a full-text review. These articles 

were independently read and checked for the inclusion 

criteria.

inclusion criteria of studies
Studies were included according to following criteria:  

1) measured IGF-1R expression in the patients with BSTSs 

by immunohistochemistry (IHC); 2) provided information 

on overall survival; and 3) had a maximum follow-up time 

exceeding 5 years. Studies considered ineligible for this 

meta-analysis were: 1) reviews, editorials, or letters; 2) 

studies involving patients who underwent IGF-1R targeted 

therapy; 3) studies that enrolled less than 20 patients in total 

or five patients per group who underwent molecular analysis, 

as well as studies for which no hazard ratio (HR) with its 

95% confidence interval (CI) could be calculated from the 

available data; 4) nonhuman studies; 5) duplicate publica-

tions or unqualified data; and 6) studies with Newcastle–

Ottawa Quality Assessment Scale (NOS) score (www.ohri.

ca/programs/clinical_epidemiology/oxford.htm) for cohort 

studies of less than 6.

Data extraction
Two investigators (Liang and Li) independently extracted 

data from the eligible studies; they discussed discrepancies 

and reached consensus for all items. The following informa-

tion was extracted from each of the included studies: first 

author’s name, year of publication, patient source, number 

of patients, tumor types, analysis method, HR estimation for 

OVS, and prognostic value. HR estimates and 95% CIs were 

calculated if not provided in the paper directly. The primary 
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authors were contacted to obtain the necessary data if the 

required information was not adequately provided.

Quality assessment
Quality assessment was conducted for each eligible study 

using the NOS. The NOS provides relatively objective 

evaluation criteria for case–control and cohort studies, and 

the effectiveness and credibility of NOS have been widely 

approved. A study was considered high-quality if it achieved 

a score of 7 or more (Table 1).

statistical analysis
In this meta-analysis, HR and 95% CI were used to assess 

the association of IGF-1R expression with OVS in patients 

with BSTSs. Some of the included studies provided HR and 

95% CI explicitly. If HR and 95% CI were not reported, 

we calculated the values in the original studies or from data 

provided by author, using the methods illustrated by Tierney  

et al.21 Engauge Digitizer software was used to extract data 

from the Kaplan–Meier curves, according to the provided 

protocol. Heterogeneity was assessed using the χ2 test and 

I2 statistics. An I2 value more than 50% was regarded as 

evidence of high heterogeneity, for which the random-

effects model was utilized to pool the results; otherwise, the 

fixed-effects model was used to pool the results. Because the 

characteristics of participants were not consistent between 

studies, we further conducted subgroup analysis by cancer 

types (osteosarcoma or EWS), source of patients (Eastern or 

Western), and sample size (divided by n=50). Potential pub-

lication bias was assessed by visual inspection of the funnel 

plots, in which the standard error of logHR of each study was 

plotted against its logHR, and an asymmetric plot suggested 

possible publication bias. In addition, we also performed 

Egger’s linear regression test, at the P-value ,0.10 level of 

Table 1 newcastle–Ottawa quality assessment scale

Scale item Description Score

selection 1. representativeness of the exposed cohort
a. Truly representative of the average sarcoma patients in the community*
b. somewhat representative of the average sarcoma patients in the community*
c. selected group of users
d. no description of the derivation of the cohort

2. selection of the nonexposed cohort
a. Drawn from the same community as the exposed cohort*
b. Drawn from a different source
c. no description of the derivation of the nonexposed cohort

3. ascertainment of exposure (proof of sarcoma and igF-1r measured by ihc)
a. secure record (such as surgical records)*
b. structured interview*
c. Written self-report
d. no description

4. Demonstration that outcome of interest was not present at start of study
a. Yes*
b. no

4

comparability comparability of cohorts on the basis of the design or analysis
a. study controls for igF-1r expression*
b. study controls for other factors (age, sex, treatment, etc)*

1

Outcome 1. assessment of outcome (death)
a. independent blind assessment*
b. record linkage*
c. self-report
d. no description

2. Was follow up long enough for outcomes to occur?
a. Yes (5 years)*
b. no

3. adequacy of follow up of cohorts
a. complete follow up – all subjects accounted for*
b. subjects lost to follow up unlikely to introduce bias – small number lost (25%) or description 

provided of those lost*
c. Follow-up rate ,75% and no description of those lost
d. no statement

3

Note: *Indicates significance. 
Abbreviation: ihc, immunohistochemistry.
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significance, to assess funnel plot asymmetry. All analyses 

were performed using RevMan version 5.3 (The Nordic 

Cochrane Centre, Copenhagen, Denmark). A P-value ,0.05  

was considered statistically significant, except where other-

wise specified.

Results
study selection and characteristics
A total of 348 reports were retrieved from the search of the 

mentioned two databases, using the described search strate-

gies. After excluding reports that were duplicated or irrel-

evant to our meta-analysis, 17 studies that assessed IGF-1R 

expression in patients with BSTSs were considered eligible 

for inclusion in this study. By full-text review, nine were 

excluded, as two papers were assessed by other methods, 

such as polymerase chain reaction (PCR), western blotting, 

and enzyme-linked immunosorbent assay (ELISA), and 

survival data was not available from published data or the 

authors in seven studies. One further study was excluded 

because the number of patients with negative IGF-1R was 

only two. Finally, seven studies that met the inclusion criteria 

were included in this meta-analysis (Figure 1). The seven 

studies comprised 627 patients (sample ranges from 31 to  

290 patients). Among these seven studies, two were research 

on osteosarcoma,11,12 two were on EWS,15,16 and one each were 

on SS, liposarcoma, and rhabdomyosarcoma (Table 2).17–19 

Two papers were by the same first author,12,16 but different 

samples and tumor types were focused in these two reports. 

In five out of seven studies,12,15,16,18,19 the cutoff survival was 

set as staining in $10% of cells. In a study by Wang11 the 

cutoff was staining in $25% of cells, and in the study by 

Palmerini, the cutoff was set as positive in staining.17

high igF-1r expression and OVs in 
BsTss
The correlation of IGF-1R expression and OVS of different 

types of BSTS patients was illustrated in a forest plot of 

HR with a fixed-effects model (Figure 2). Overall, elevated 

expression of IGF-1R in BSTSs was significantly associ-

ated with mortality risk for patients in the random-effects 

model (pooled HR =2.15, 95% CI: 1.06–4.38; P=0.03). High 

heterogeneity was shown in the analysis of sarcomas with 

IGF-1R expression (I2 =88%, P,0.001).

To explore the source of heterogeneity, subgroup analy-

ses were conducted by subtype of sarcomas. As I2 of the 

osteosarcoma subgroup and EWS subgroup was 46% and 

69%, respectively, the fixed-effects model and random-

effects model were utilized to pool the results. Our further 

analysis indicated that high expression of IGF-1R in osteo-

sarcoma was significantly related to poor prognosis (pooled 

HR =2.20, 95% CI: 1.59–3.03; P,0.001). However, in EWS, 

IGF-1R seemed not to play a predictive role of outcome 

(pooled HR =1.01, 95% CI: 0.45–2.27; P=0.99) (Table 3).

The source of patients and sample sizes were also evalu-

ated (Table 3). Six studies were based on Western populations 

(five from Europe and one from North America), and the 

remaining one research was based on an Eastern popula-

tion (from the People’s Republic of China). As there was 

high heterogeneity (I2 =81%), the random-effects model 

was used to perform the analysis. The source of patients 

was not directly related to the outcome of BSTSs (pooled  

HR =2.22, 95% CI: 0.90–5.48; P=0.08). Concerning sample 

sizes, IGF-1R expression in small-size studies (n,50) was 

considered to be not correlated with outcome (combined  

HR =2.18, 95% CI: 0.67–7.07; P=0.20), and the elevated 

expression in large-size studies (n.50) also revealed no rela-

tion with the outcome of BSTS patients (pooled HR =2.15, 

95% CI: 0.88–5.28; P=0.09).

Publication bias
Funnel plots were conducted to detect the potential publica-

tion bias of the enrolled studies for OVS. The funnel plot is Figure 1 Flowchart of included studies.
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presented in Figure 3. The funnel plot shapes showed that 

the included studies did not exhibit apparent asymmetry. 

These results indicated the absence of publication bias of 

our meta-analysis.

Discussion
Amplification of IGF-1R expression has been shown in many 

human solid malignancies, including lung cancer, breast 

cancer, and colorectal cancer, etc,22–25 and has been related 

to poor outcome. In animal studies, increased expression of 

IGF-1R was revealed to be correlated with worse survival 

in canine osteosarcoma.26,27 Elevated expression of IGF-1R 

was also found to induce the transformation of fibroblasts 

and development of tumors in nude mice.28 IGF-1R has 

caught researchers’ attention for its potential in targeted 

therapy. Numerous clinical trials have either been completed 

or are underway. However, the response rate to therapy with 

IGF-1R specific agent alone was approximately 10%–15%, 

in patients with relapsed, heavily pretreated sarcomas.4 

Mechanisms of resistance to IGF-1R inhibition are being 

studied.29,30 Combination therapy has also been evaluated in 

quite a few studies, but no objective responses were observed 

in a recently reported Phase II study on anti-IGF-1R antibody 

in combination with mTOR inhibitor,31 despite the promising 

results in preclinical models and an earlier report on the 

same combination conducted by another institution, which 

showed clinical activity,32 Researchers have also tried to find 

the correlation of IGF-1R expression with the sensitivity of 

sarcomas when treated with IGF-1R monoclonal antibodies 

(mAbs). A clinical trial indicated that presence of IGF-1R 

served as a biomarker to predict elevated sensitivity of 

sarcomas to IGF-1R-targeted therapy.9 However, opposite 

opinions were given in repeated studies that showed IGF-1R 

expression by IHC was not predictive of clinical outcome 

after treatment with IGF-1R mAb in combination with 

mTOR inhibitors.32,33 More studies are needed to further 

analyze the controversial role IGF-1R plays in predicting the 

outcome of sarcoma patients treated by IGF-1R mAbs. Thus,  

the prognostic significance of IGF-1R expression in outcome 

of BSTS patients with conventional therapeutic strategies is 

meaningful.

To the best of our knowledge, this is the first meta-analysis 

to focus on the correlation between IGF-1R expression and 

BSTS patient outcomes. Our research included seven articles 

and 627 BSTS patients from four countries. We demonstrated 

that high IGF-1R expression was a marker of aggressive 

disease, associated with poorer OVS of BSTS patients. Sub-

group analysis also showed interesting results. In osteosar-

coma, elevated IGF-1R expression was significantly related 

to worse prognosis according to our study, based on 128 

Table 2 characteristics of the seven studies included in the meta-analysis

Study (author, year) Patient source Number 
of patients

Tumor type Analysis 
method

Outcome HR estimation NOS  
score

van de luijtgaarden et al12 2013* The netherlands 44 Osteosarcoma ihc OVs 0.76 (0.16–3.61)a,b 7
Wang et al11 2012 People’s republic of china 84 Osteosarcoma ihc OVs 2.30 (1.66–3.20) 8
scotlandi et al15 2011 italy 290 ewing sarcoma ihc OVs 0.77 (0.63–0.93)a 8
van de luijtgaarden et al16 2013** The netherlands 36 ewing sarcoma ihc OVs 1.89 (0.61–5.86)a,b 7
van gaal et al19 2013 The netherlands 54 rhabdomyosarcoma ihc OVs 18.02 (2.52–128.86)a 6
Palmerini et al17 2015 italy 88 synovial sarcoma ihc OVs 2.50 (1.11–5.63)a 8
cheng et al18 2009 canada 31 liposarcoma ihc OVs 7.44 (1.59–34.81) 8

Notes: aData extracted from given information. bOriginal data obtained from the author. *Osteosarcoma. **ewing’s sarcoma.
Abbreviations: hr, hazard ratio; ihc, immunohistochemistry; nOs, newcastle–Ottawa scale; OVs, overall survival.

Figure 2 Meta-analysis of impact of igF-1r expression on overall survival of patients with sarcomas. 
Notes: results are presented as individual and pooled hr and 95% ci. *ewing’s sarcoma. **Osteosarcoma.
Abbreviations: CI, confidence interval; HR, hazard ratio; SE, standard error.

τ χ
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Figure 3 Funnel plot for the evaluation of potential publication bias in the impact of 
igF-1r expression on overall survival of patients with sarcomas.

Table 3 Meta-analysis of overall and subgroup analysis for igF-1r expression and OVs in BsTss

Categories Studies Patients HR (95% CI) Model Heterogeneity

χ2 I2% P-value z P-value

OVs 7 627 2.15 (1.06–4.38) random 51.39 88 ,0.001 2.11 0.03
Tumor type

Osteosarcoma 2 128 2.20 (1.59–3.03) Fixed 1.86 46 0.17 4.80 ,0.001
ewing sarcoma 2 326 1.01 (0.45–2.27) random 2.38 58 0.12 0.01 0.99

geography
Western 6 543 2.22 (0.90–5.48) random 26.51 81 ,0.001 1.73 0.08
eastern 1 84 2.30 (1.66–3.20) random – – – – –

sample size
smaller size (n,50) 3 111 2.18 (0.67–7.07) random 4.25 53 0.12 1.30 0.20

larger size (n$50) 4 516 2.15 (0.88–5.28) random 44.35 93 ,0.001 1.68 0.09

Abbreviations: BSTS, bone and soft tissue sarcoma; CI, confidence interval; HR, hazard ratio; OVS, overall survival; –, no data.

samples. Nevertheless, IGF-1R expression had a slight trend 

to have a favorable role in EWS patients (326 samples), albeit 

with no statistical significance. To further analyze this, we 

tried to include a paper by Mora et al34 on EWS in our addi-

tional analysis, which was initially excluded as there were 

only two subject in IGF-1R-negative group. Surprisingly, 

we discovered that there was statistical significance between 

IGF-1R expression and favorable outcome of EWS patients 

(data not shown), but we have to admit that more data are 

needed to confirm the favorable role of IGF-1R expression 

in EWS. No correlation was found between outcomes and 

sample sizes or geographical distribution of patient.

Although our study is the first meta-analysis on the rela-

tion between IGF-1R expression and clinical outcomes of 

BSTS patients, several limitations still exist. BSTSs are rare 

subgroups of malignancies, and most IGF-1R-related studies 

have involved patients treated with IGF-1R inhibitors or 

mAbs, which will obviously alter the expression of IGF-1R 

and IGF-1R-related survival. There was only one study each 

for SS, liposarcoma, and rhabdomyosarcoma included in our 

report, as a result of fewer incidences. More data for these 

three types of BSTSs are needed. Further, we extracted data 

from survival curves in several papers where detailed data, 

such as HR and 95% CI, were not presented directly. The 

calculated HRs and 95% CIs were possibly not as reliable as 

given data. Furthermore, publication bias cannot be totally 

ruled out because negative studies are not as acceptable as 

positive results. Subgroup analysis for OVS was conducted 

according to cancer subtype, source of patients, and sample 

size. The subgroup analysis might explain a part of the 

heterogeneity.

In conclusion, our meta-analysis demonstrated that 

elevated IGF-1R expression was significantly associated with 

adverse clinical outcome. Our study revealed that IGF-1R 

might be an independent biomarker for BSTS patients, espe-

cially patients suffering from osteosarcoma. To strengthen 

our conclusion, more standardized prospective studies with 

high quality are still needed to evaluate the prognostic value 

of IGF-1R.
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