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Abstract: Background: The prognostic value of Her-2/ErbB-2 in patients with high-grade osteosarcoma remains 
controversial. Hence, we aimed to investigate the effects of Her-2 overexpression on histological response and sur-
vival risks in this population. Material and methods: From inception to December 2015, we searched for potentially 
relevant studies published in English using the following databases: PubMed, Science Direct, the Cochrane Library 
and EBSCO. Eligible studies should provide information about expression levels of Her-2. The primary outcome mea-
sures included histological response, 5-year event-free survival (EFS) and overall survival (OS). Results: 10 studies 
were in accordance with inclusion criteria. Her-2 immunohistochemical staining indicated that overexpression was 
not associated with histological response (n = 7, RR = 0.74, 95% CI: 0.45 to 1.21, P = 0.23). Compared with low or 
undetectable levels of expression, Her-2 overexpression had nonpredictive effect on EFS or OS (EFS: n = 7, RR = 
0.82, 95% CI: 0.60 to 1.14, P = 0.24; OS: n = 8, RR = 0.79, 95% CI: 0.58 to 1.08, P = 0.14). By subgroup analyses, 
we found that whether metastasis and local disease were included together or not had a significant influence on 
histological response, EFS and OS. Conclusions: Our meta-analysis suggests that Her-2 expression is not associated 
with histological response, EFS or OS in high-grade osteosarcoma. And Her-2 expression is associated with tumor 
metastasis which can influence chemotherapy response and prognosis. Although Her-2 still cannot be used as a 
prognostic factor, further large-scale prospective studies are warranted to confirm our findings.
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Introduction

Osteosarcoma is the fifth most common malig-
nancy among adolescents and young adults [1]. 
And high-grade osteosarcoma is the classical 
or conventional form comprising nearly 80% of 
osteosarcoma [2]. Until the seventies, osteo-
sarcoma had a very poor prognosis. Major prog-
ress was made with the discovery of several 
active chemotherapeutic agents. Although the 
event-free survival (EFS) probability of high-
grade localized osteosarcoma has improved up 
to approximately 50%-80% [3-5], the prediction 
of survival benefit for individual is still limited at 
present. Moreover, it seems that survival rates 
have reached a plateau. Thus, clinical and bio-
logical factors for predicting prognosis need 
developing.

The Her-2 gene (also known as ErbB-2) encodes 
a member of the epidermal growth factor (EGF) 
receptor family of receptor tyrosine kinases. 
The amplification and/or overexpression of 
Her-2 has been reported in numerous cancers, 
such as breast [6], ovarian [7] and lung can-
cers. In some of these cancers, Her-2 overex-
pression was associated with resistance to 
chemotherapeutic agents. And Her-2 overex-
pression was a significant predictor of both 
overall survival (OS) and EFS. 

A number of studies have showed that osteo-
sarcomas can express Her-2 [8-10]. However, 
the levels of Her-2 expression in high-grade 
osteosarcoma are rather controversial, ranging 
from studies in which Her-2 overexpression was 
detected in 15%-70% [8, 11] of patients to oth-
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ers in which it was uncommon [12, 13] or even 
absent [14-16]. A majority of studies used 
immunohistochemical staining to define Her-2 
status: grading 2+ and 3+ were considered 
positive expression. While in these studies, 
variability still existed in methodology, including 
the antibody utilized and the grading system.

Although the prognostic significance of Her-2/
ErbB-2 in high-grade osteosarcoma has been 
investigated, the results were inconsistent ac- 
ross studies. Several prior studies suggested 
that increased level of Her-2 expression at diag-
nosis was associated with a worse outcome 
since Onda [9] first described Her-2 expression 
in osteosarcoma. For example, study by Zhou 
[10] showed that Her-2 expression was associ-
ated with shorter metastasis-free survival, and 
reported that the survival differences were sig-
nificant. Conversely, some other studies sh- 
owed insignificant or opposite results [8, 17]. 
All the studies discussed above included a rela-
tively small sample size because osteosarcoma 
was a rare tumor with a low incidence of about 
3 per 1 million [18]. Therefore, there is no en- 
ough evidence to draw comprehensive con- 
clusions.

A recent meta-analysis by L Y [19] demonstrat-
ed that Her-2/ErbB-2 positive status was sig-
nificantly associated with a worse 5-year OS in 
osteosarcoma. Unfortunately, L Y neglected 
several studies meeting their inclusion criteria 
and chose several duplicate studies so that 
there was an unavoidable selection bias. And 
there were many other major flaws as L F [20] 
and X Y [21] described, so definitive conclu-
sions remained elusive. Furthermore, none of 
previous meta-analysis had evaluated the qu- 
estion whether Her-2 overexpression was asso-
ciated with the resistance to chemotherapeutic 
agents in osteosarcomas. Last but not the 
least, our target population was only limited to 
patients with high-grade osteosarcoma as little 
progress had been made in the treatment in 
the last two decades.

As mentioned above, we conducted this meta-
analysis to provide a comprehensive evaluation 
of the effects of Her-2/ErbB-2 on histological 
response, and 5-year EFS and OS in patients 
with high-grade osteosarcoma.

Materials and methods

Search strategy

Two of the authors (J M and X T) simultaneously 
and independently screened relevant studies in 
the following databases: PubMed, Science 
Direct, Cochrane Library and EBSCO. The 
retrieval time was set as from inception to 
December 2015. The following keywords were 
used to identify possible publications: “Her-2”, 
“Her2”, “ErbB-2”, “ErbB2”, “osteosarcoma”, 
and “osteogenic sarcoma”. Studies that did not 
obviously conform to our criteria were exclud-
ed; examples of such included studies about 
patients with low grade osteosarcoma. The 
most recent or the largest sample size publica-
tion was included when the authors published 
several studies using the same subjects. 
Studies about Her-2 in high-grade osteosarco-
mas were further evaluated, and any differenc-
es that arose were resolved by one of the other 
authors (L S). We reported the meta-analysis 
according to the Preferred Reporting Items of 
Systematic Reviews and Meta-Analyses 
(PRISMA) statement [22].

Quality assessment

Two of the authors (J M and H Y) independently 
completed quality assessments on the basis of 
the Newcastle-Ottawa Quality Assessment 
Scale (NOS) [23], which was validated for cohort 
studies in a meta-analysis. The NOS criteria 
included three aspects: (1) Subject selection: 
0-4; (2) Comparability of subject: 0-2; (3) Cli- 
nical outcome: 0-3. NOS scores ranged from 0 
to 9; and a score ≥ 7 indicated a good quality. 
Any differences were resolved by a third investi-
gator (H G).

Inclusion and exclusion criteria

In this meta-analysis, only published clinical 
studies on humans were included, and the lan-
guage restriction was set to English. Studies 
were included if they fulfilled the following inclu-
sion criteria: (1) Patients with a definite diagno-
sis of high-grade osteosarcoma, and (2) Who 
received standard (neo-adjuvant and/or adju-
vant) chemotherapy and definitive surgery, (3)
The studies should provide sufficient informa-
tion about expression levels of Her-2, histologi-
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cal response to chemotherapy and long-term 
outcomes (5-year EFS and/or OS).

Data extraction

The outcomes that we primarily focused on 
were histological response and clinical out-
comes (5-year EFS and/or OS). The essential 
data were extracted from each study in a uni-
fied format that included the first author’s 
name, year of publication, country, patient 
number, metastasis, mean age, study design, 
method, antibody, cut-off point and positive 
rate (%). The numbers of patients that experi-
enced good histological response, 5-year EFS 
and OS were extracted directly from each study. 
We extracted the risk ratios (RRs) and 95% con-
fidence intervals (95% CI) to evaluate the base-
line comparison, histological response and sur-
vival effects on 5-year EFS and OS. 

Statistical analysis

We comprehensively evaluated histological 
response and 5-year EFS and/or OS using 
STATA 12.0 (Stata Corp, College Station, Texas). 
We then calculated RRs and corresponding 

included based on our search criteria. Upon fur-
ther review, 7 studies were excluded: 2 were 
eliminated due to low grade osteosarcomas 
[25, 28]; 2 were duplicate studies on the same 
population [26, 30]; one was a study just 
focused on patients with first recurrence in the 
lung [29]; one was with a rate of lost to follow-
up as high as 60% [31] and another one study 
was only with 3 Her-2 overexpression patients 
[27]. Eventually, total of 10 studies [8-11, 17, 
32-36] that published between 1996 and 
2014, were found to be in accordance with our 
inclusion criteria. Our search strategy and the 
steps used to select eligible studies are sum-
marized in the flow diagram which is shown in 
Figure 1. 

A total of 650 patients were included in our me- 
ta-analysis, of which 253 (39.0%) were Her-2 
overexpression, and 397 were not. As to the 
method for determining Her-2 status, 9 studies 
[8, 10, 11, 17, 32-36] used immunohistochem-
istry (IHC) and the other one [9] used immunob-
lotting (IB) for protein levels. In each study, the 
IHC cut-off values of Her-2 appeared to be dif-
ferent. Most of the patients with high-grade 

Figure 1. Flow diagram of study selection.

95% CIs for dichotomous da- 
ta. A fixed-effect model was 
used acquiescently. In our op- 
inion, there was substantial 
heterogeneity between stud-
ies and therefore we used a 
random-effect model in cas- 
es where differences betwe- 
en groups (P < 0.05 and I2 > 
60%) existed simultaneously. 
Subgroup analysis was per-
formed to further identify pos-
sible reasons, whenever app- 
ropriate. The Egger’s test was 
used to reveal publication bias 
[24]. For all analysis, a two-
tailed P-value < 0.05 was con-
sidered significant.

Results

Characteristics of the includ-
ed studies

We identified 204 articles fr- 
om the databases as stat- 
ed above, and 17 [8-11, 17, 
25-36] of these articles were 
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osteosarcoma in the included studies were 
treated with neo-adjuvant chemotherapy asso-
ciated with surgery. The clinical features of the 
10 included studies were summarized in Table 
1.

Most of the patients in the included studies 
were evaluated 5-year survivals. The excep-
tions included the study by Ebb [17] that evalu-
ated the use of Trastuzumabin combination 
with neo-adjuvant/adjuvant chemotherapy in 
the experimental group for newly diagnosed, 
high-grade metastatic osteosarcomas. And 
another study conducted by Kilpatrick [32] pre-
sented the individual patient data of immuno-
histochemical staining by 2 antibodies simul- 
taneously in patients with high-grade osteosar-
coma. The main drawback of these two studies 
was that they were with follow-ups as short as 
2.5 years. Eventually, we reserved these 2 
studies in order to reduce heterogeneity as 
much as possible.

It is additionally worth noting that, in total, out 
of all 6 studies [8-10, 32, 34, 35] that were 
included in our meta-analysis, only 30 patients 
stained positive for overexpression of Her-2, 

were all with high quality (score ≥ 7) according 
to the NOS scores.

Baseline comparison

More than 3 studies provided baseline informa-
tion about age, gender and ALP level, so we 
investigated the correlations of Her-2/ErbB-2 
expression with these 3 factors. The median 
age of the included patients was 11.3 years. 
44% of the included patients were ≤ 14 years, 
and there were significant differences between 
groups that were with Her-2 overexpression ver-
sus those that were not (n = 6, RR = 0.73, 95% 
CI: 0.56 to 0.96, P = 0.02). Although 57% of the 
patients were male, no significant differences 
were found between the two groups (n = 7, RR 
= 0.92, 95% CI: 0.78 to 1.10, P = 0.38). Only 
three of these included studies [9, 33, 36] with 
155 patients investigated the serum ALP level. 
And there were no significant differences 
between the groups that were with Her-2 over-
expression versus those that were not (n = 3, 
RR = 1.08, 95% CI: 0.80 to 1.46, P = 0.62). The 
baseline analysis details were shown in Table 
2.

Table 1. Characteristics of included studies

Study Year Country No. Metastasis Mean Age 
(year)

Study 
Design Method IHC 

Antibody
IHC 

cut-off
Positive 

rate NOS

Akatsuka 2002 Japan 81 0 15.7 Retro IHC CB11 31% 0.63 9
Ebb 2012 USA 96 96 14.5 Retro IHC CB11 50% 0.43 8
Gorlick 2014 USA 135 0 14 Retro IHC CB11 51% 0.13 7
Kilpatrick 2001 USA 27 0 29 Retro IHC CB11 10% 0.67 7
Morris 2002 USA 73 10 16.9 Retro IHC 3B5 26% 0.45 9
Munoz 2009 Spain 26 0 10 Retro IHC Rabbit ND 0.31 8
Onda 1996 Japan 25 6 19.9 Retro IB CB11 1+ 0.42 9
Scotlandi 2005 Italy 83 0 <40 Retro IHC TAB250 26% 0.33 8
Yalcin 2008 Turkey 79 8 13 Retro IHC CB11 31% 0.45 9
Zhou 2003 USA 25 6 14 Retro IHC Ab3 26% 0.44 8
Abbreviation: Metastasis: metastasis at diagnosis; Retro: retrospective study; IHC: immunohistochemistry; IB: immunoblotting; 
ND: no data; NOS: Newcastle-Ottawa Quality Assessment Scale.

Table 2. Baseline characteristics

Outcome Studies No. RR LL UL
Heterogeneity

P
Chi-squared I2 p

Age (<14 y) 6 291 0.73 0.56 0.96 2.65 0 0.75 0.02
Gender (M) 7 387 0.92 0.78 1.10 9.24 35% 0.16 0.38
ALP (high) 3 155 1.08 1.08 1.46 1.80 0 0.41 0.62
Abbreviation: M: male; RR: relative risk; LL: lower limit; UL: upper limit.

which is a relatively small 
sample size.

Methodological quality of 
the studies

We presented results of 
the assessment of the me- 
thodological quality in Ta- 
ble 1. Ten included studies 
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Impact of Her-2 overexpression on histological 
response

The data from 7 retrieved studies including 
291 patients [9, 10, 11, 17, 33, 34, 36] were 

ese studies, so we chose a random-effect 
model (P = 0.02 and I2 = 61.9%). By subgroup 
analyses, studies including patients with both 
stage II and stage III osteosarcomas showed 
that overexpression of Her-2 was correlated 

Figure 2. Her-2 expression and histological response to chemotherapy in high-grade osteosarcomas. RR = Risk 
ratio; CI = Confidence interval; Stage II: localized; Stage III: metastasis.

Table 3. Subgroup analyses of histological response, event-free survival (EFS) 
and overall survival (OS)

Outcome Studies No. RR LL UL
Heterogeneity

P
Chi-squared I2 p

Response (good) 7 291 0.74 0.45 1.21 2.12 58% 0.03 0.23
    Either II or III 3 169 1.15 0.84 1.59 0.53 6% 0.35 0.39
    II and III 4 122 0.35 0.18 0.66 14.18 0 0.91 0.001
EFS 7 552 0.82 0.60 1.14 22.08 73% 0.001 0.24
    Either II or III 4 395 1.07 0.82 1.38 6.78 56% 0.08 0.63
    II and III 3 157 0.49 0.33 0.71 0.31 0 0.86 <0.001
OS 8 502 0.79 0.58 1.08 24.99 72% 0.001 0.14
    Either II or III 4 326 1.10 0.93 1.30 3.49 14% 0.32 0.28
    II and III 4 176 0.46 0.32 0.67 0.96 0 0.81 <0.001
Abbreviation: RR: relative risk; LL: lower limit; UL: upper limit; Stage II: localized; Stage III: metas-
tasis.

pooled and no st- 
atistical significa- 
nce had been fo- 
und in histologic- 
al response to pr- 
eoperative chem- 
otherapy between 
patients with Her- 
2 overexpression 
versus those that 
were not (n = 7, 
RR = 0.74, 95% 
CI: 0.45 to 1.21, P 
= 0.23, see Fig- 
ure 2). There was 
a significant de- 
gree of heteroge-
neity between th- 
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with a significantly worse histological response 
(n = 3, RR = 0.35, 95% CI: 0.18 to 0.66, P = 
0.001). And studies including patients with 
either stage II or stage III osteosarcomas dem-
onstrated that there was no relation between 
the level of expression of Her-2 and response (n 
= 4, RR = 1.15, 95% CI: 0.84 to 1.59, P = 0.53, 
see Table 3).

Impact of Her-2 overexpression on EFS and OS

Event-free survival (EFS): Seven studies [8, 10, 
11, 17, 33, 35, 36] with a total of 552 high-
grade osteosarcoma patients dealing with 
Her-2 overexpression and EFS were meta-ana-
lyzed. Here, we adopted a random-effect model 
because of the heterogeneity (P = 0.001 and I2 
= 73%). Her-2 overexpression had nonpredic-
tive effect on EFS (n = 7, RR = 0.82, 95% CI: 
0.60 to 1.14, P = 0.24). By subgroup analyses, 
studies including patients with both stage II 
and stage III osteosarcomas showed that over-
expression of Her-2 was correlated with a sig-
nificantly worse EFS (n = 3, RR = 0.49, 95% CI: 

0.33 to 0.71, P < 0.001). And studies including 
patients with either stage II or stage III osteo-
sarcomas demonstrated that there was no rela-
tion between the level of expression of Her-2 
and EFS (n = 4, RR = 1.07, 95% CI: 0.82 to 
1.38, P = 0.63, see Figure 3 and Table 3).

Overall survival (OS): A total of 8 studies [8-11, 
17, 32, 33, 36] provided RR values about OS. 
We chose a random-effect model to evaluate 
the differences between the above studies (P = 
0.001 and I2 = 72%). Her-2 overexpression had 
nonpredictive effect on OS (n = 8, RR = 0.79, 
95% CI: 0.58 to 1.08, P = 0.14). By subgroup 
analyses, the result indicated that Her-2 expres-
sion was not correlated with OS in either stage 
II or stage III osteosarcomas (n = 4, RR = 1.10, 
95% CI: 0.93 to 1.30, P = 0.28). The studies 
including patients with both stage II and stage 
III osteosarcomas showed that high levels of 
Her-2 correlated significantly with decreased 
EFS (n = 4, RR = 0.46, 95% CI: 0.32 to 0.67, P < 
0.001, see Figure 4 and Table 3).

Figure 3. Her-2 expression and event-free survival in high-grade osteosarcomas. RR = Risk ratio; CI = Confidence 
interval; Stage II: localized; Stage III: metastasis.
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Publication bias: There was no evidence of 
asymmetry in the funnel plots. Simultaneously, 
formal evaluation using Egger’s test failed to 
any reveal evidence for significant publication 
bias in the histological response (P = 0.108), 
EFS (P = 0.298) and OS (P = 0.635).

Discussion

Her-2 has been shown to be overexpressed in 
many human cancer, including breast, ovaries, 
lung, stomach, and salivary gland [7]. And it 
has been the most thoroughly evaluated in 
breast cancer. While the prognostic value of 
Her-2 status in patients with high-grade osteo-
sarcoma is still controversial in the literature. 
The conflict results might be partly attributed to 
the small patient numbers in prior studies. 
Furthermore, in the studies examining the lev-
els of expression of Her-2 by immunohisto-
chemistry, there are differences in the antibod-
ies being used, differences in the cut-offs of 
positive staining, and differences in the grading 

systems used to define overexpression. As 
inherent limitations and inconsistent conclu-
sions were found among previous studies, it 
was therefore necessary for us to synthesize as 
many studies as possible to summarize the 
most credible evidence.

Almost all the studies included in our meta-
analysis were of high-quality. The majority of 
them were conducted in the United States [8, 
10, 17, 32, 33], and the remaining were con-
ducted in various European countries and 
Japan. The studies were published between 
1996 and 2014; thus, they provided relatively 
new data. The standard treatment did not sub-
stantially change over this period of time, and 
worldwide measures of 5-year EFS and OS also 
were not significantly improved [37]. 

In the included studies, there were no signi- 
ficant differences in regard of gender and ALP 
levels, which might influence the outcomes.  
In addition, three studies offered individual 

Figure 4. Her-2 expression and overall survival in high-grade osteosarcomas. RR = Risk ratio; CI = Confidence inter-
val; Stage II: localized; Stage III: metastasis.
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patient data so that we could ensure these 
included data with definite diagnose and long-
enough follow-ups, and excluded the individual 
who was not accordant with our inclusion crite-
ria. Finally, both subgroup analysis and Egger’s 
test were conducted to identify possible rea-
sons and ensure our results were more robust. 
All of the above made this meta-analysis more 
comprehensive and credible.

It was confusing that the younger patients were 
with lower rate of Her-2 overexpression. It may 
be partly due to early diagnosis. Previous meta-
analysis by Collins [38] suggested that there 
was a significant association of age with toxicity 
of chemotherapy. So there also might be a 
potential relation between age and Her-2 over-
expression, and we couldn’t rule out the con-
founding effect of age on toxicity and/or 
survival.

There’s no doubt that histological response to 
neo-adjuvant chemotherapy significantly corre-
lated with subsequent treatment and prognosis 
in high-grade osteosarcoma [39]. This meta-
analysis confirmed that Her-2 status was not 
associated with resistance to chemotherapeu-
tic agents. Then the primary results suggested 
that Her-2 expression was not associated with 
5-year EFS or OS in patients with high-grade 
osteosarcoma. It is well established that the 
presence of metastasis at diagnosis is an 
important prognostic factor. By subgroup analy-
ses, we found the high heterogeneity above 
could be partly explained by whether metasta-
sis and local disease were included together or 
not. Her-2 expression was associated with 
Tumor metastasis which could influence che-
motherapy response and prognosis. Further 
large-scale prospective studies are warranted 
to confirm this correlation, and it’s urgent to 
develop novel molecular biology markers in 
non-metastatic high-grade osteosarcomas.

Nonetheless, it should be circumspect to make 
a verdict of the association with Her-2 and high-
grade osteosarcoma, because there are still 
several issues should be considered. First, a 
consensus should be reached regarding the 
most reliable and reproducible methods for 
determining Her-2 status. Second, more well-
designed clinical studies with large samples of 
high-grade osteosarcoma should be performed 
in the future to validate the relationship 
between Her-2 expression level and prognosis. 

Third, the high levels of statistical heterogene-
ity among included studies made some conclu-
sions cautiously even we conducted subgroup 
analyses. Finally, only one study used targeted 
drug in combination with standard chemothera-
py in patients with high-grade metastatic osteo-
sarcoma simultaneously, we were not able to 
evaluate the impact of targeted drug delivery 
on prognosis. Understanding the underlying 
mechanisms would lend confidence to the clini-
cal application of targeted therapy based on 
Her-2 pathway in high-grade osteosarcoma in 
the further.

In conclusion, this meta-analysis has shown 
that the Her-2/ErbB2 overexpression is not sig-
nificantly associated with histological response, 
EFS or OS in patients with high-grade osteosar-
coma. And Her-2 expression is associated with 
tumor metastasis which can influence chemo-
therapy response and prognosis. Further multi-
center, well designed prospective studies with 
larger patient cohorts will be required to con-
firm these findings and more clinical studies 
should be carried out before Her-2/ErbB2 can 
be used as a prognostic factor or in the treat-
ment of high-grade osteosarcoma.
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