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Abstract:    Objective: Numerous studies examining the relationship between human epidermal growth factor receptor 2 
(HER-2) overexpression and survival in patients with colorectal cancer (CRC) have yielded controversial results. We 
therefore performed a meta-analysis more precisely to estimate its prognostic value. Methods: Published studies 
investigating the effect of HER-2 overexpression on CRC survival were identified; the hazard ratios (HRs) and their 
corresponding 95% confidence intervals (95% CIs) were pooled in terms of disease-specific or overall survival. Results: 
Eleven studies were included in the meta-analysis. The pooled data showed that HER-2 overexpression was nega-
tively related to CRC survival (HR=1.10, 95% CI: 0.77–1.44). Subgroup analyses regarding test method and study 
quality also demonstrated little association between HER-2 overexpression and CRC survival (HR=0.89, 95% CI: 
0.50–1.29; HR=0.90, 95% CI: 0.43–1.37, respectively). Conclusions: Regardless of several limitations, our study 
suggested that HER-2 overexpression probably had little impact on CRC survival.  
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1  Introduction 
 
Colorectal cancer (CRC) is the third most com-

mon cancer worldwide with approximately 1.23 mil-
lion new cases diagnosed globally in 2008, account-
ing for one in ten cancers (Ferlay et al., 2010). Al-
though surgical treatment combined with multimo-
dality therapy has given rise to improvements in CRC 
survival, prognoses of some patients are still poor. 
Therefore, prognostic tools are commonly adopted 
for predicting the survival of CRC patients. Many 
factors have been identified to date, the most impor-

tant of which is the TNM stage determined by depth 
of tumor invasion, involvement of lymph nodes, and 
distant metastasis. However, differences are com-
monly observed among patients with the same stage. 
Therefore, it is necessary to establish new predictors 
for CRC other than conventional factors.  

Recently, a biologic marker named ‘human ep-
idermal growth factor receptor 2 (HER-2)’, also 
known as c-erbB-2, neu, or p185, has emerged as a 
potential prognostic factor for CRC. In addition, 
HER-2 can be a therapeutic option with monoclonal 
antibodies such as trastuzumab. However, most CRCs 
which overexpress HER-2 show cytoplasmic staining 
and only approximately 5% have cell membrane 
staining, but unfortunately only this 5% are amenable 
to antibody therapy (Blok et al., 2013). Therefore, the 
detection of HER-2 expression is of great importance 
not only for being a prognostic marker but also a 
therapeutic factor. The amplification of the HER-2 
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gene was first reported as a predictor of poor survival 
in breast cancer patients by Slamon et al. (1987). 
Since then, several studies have demonstrated that 
HER-2 is overexpressed in 10%–34% of invasive 
breast cancer and related to a poor prognosis (Kaptain 
et al., 2001). In gastric cancer, approximately 20% of 
patients overexpress HER-2 (Gravalos and Jimeno, 
2008). However, the role of HER-2 overexpression in 
gastric cancer survival remains unclear, with some 
studies reporting HER-2 positivity to be a poor 
prognostic factor, while others report that HER-2 
overexpression does not impact on the prognosis of 
gastric cancer (Pazo Cid and Antón, 2013). CRCs also 
express HER-2 protein (Koeppen et al., 2001); 
however, conflicting data were reported regarding its 
prognostic value. Some studies reported that HER-2 
overexpression was a poor predictor (Osako et al., 
1998; Park et al., 2007; Baiocchi et al., 2009; Chen et 
al., 2010; Lu et al., 2012), while others reported that it 
was negatively related to patient survival (McKay et 
al., 2002; Rossi et al., 2002; Jesus et al., 2005; 
Kavanagh et al., 2009; Li et al., 2011). Still others 
reported that HER-2 was a good predictor (Conradi et 
al., 2013). Therefore, we performed a systematic 
meta-analysis of all available studies using rigorous 
methods aiming to quantitatively estimate the prog-
nostic value of HER-2 overexpression in CRC. 

 
 

2  Materials and methods  

2.1  Search strategies 

Two authors, Dr. Da-ren LIU and Dr. Long-yun 
YE, independently searched PubMed, Embase, and 
the Cochrane Central Registry of Controlled Trials 
from January 1990 to September 2013 to identify 
studies on the association between HER-2 expression 
and CRC survival. The language was limited to Eng-
lish and the search terms were as follows: ‘colorectal 
cancer’, ‘colon cancer’, or ‘rectal cancer’; ‘HER2’, 
‘HER-2’, ‘neu’, ‘human epidermal growth factor 
receptor 2’, or ‘erbB2’; and, ‘prognosis’ or ‘survival’. 
Bibliographies of all relevant publications were 
scanned to identify relevant studies. 

2.2  Inclusion and exclusion criteria 

Studies meeting the following criteria were in-
cluded: (1) the patients had surgical treatment and the 

disease was identified as CRC pathologically; (2) the 
endpoint was disease specific or overall survival;  
(3) the HER-2 expression was evaluated by immuno- 
histochemistry (IHC); and, (4) the hazard ratio (HR) 
and 95% confidence interval (CI) were reported or 
could be estimated from other data provided in the 
articles. Case reports, review articles, experimental 
studies, as well as studies that did not supply suffi-
cient survival data were excluded. If a study matching 
the selection criteria had missing data, the authors 
were contacted in an attempt to obtain the missing 
information. For publications containing duplicated 
findings, the study containing the largest number of 
subjects was included. 

2.3  Data extraction and quality assessment 

Two authors, Ling-na HUANG and Sanjay 
JAISWAL, independently extracted information from 
eligible publications by means of a predefined form. 
Recorded data included the first author’s name, year 
of publication, country, mean patient age, number of 
patients, tumor stage, cut-off point, positive percen-
tage, primary surgery and post-operative treatment, 
time of follow-up, other influential factors, and re-
sults of survival analysis. Quality of the enrolled 
studies was assessed individually by two authors, 
Xiao-wen LI and Dr. Hou-hong WANG, based on the 
Newcastle-Ottawa scale (Wells et al., 2010), which 
examines patient selection methods, comparability of 
study groups and assessment of outcomes. Studies 
obtaining 7–9 stars are considered to be of ‘high 
quality’, 5–6 stars as ‘moderate quality’, and 5 stars or 
below as ‘low quality’. Studies of low quality were 
excluded. Disagreements were resolved through dis-
cussion or consensus with a third reviewer, Dr. Li 
CHEN.  

2.4  Statistical analysis 

HR was used in this time-to-event analysis, 
which takes into consideration the number and timing 
of events. The overall survival value of each study 
was determined by the combination of HR and its 
corresponding 95% CI. All data were directly ob-
tained or indirectly computed using the formula 
recommended by Tierney et al. (2007). The signi-
ficance of the pooled HR was determined by Z test, 
and P≤0.05 was considered statistically significant. 
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The I2 was calculated to assess the impact of 
heterogeneity on results. Heterogeneity was considered 
significant when I2 was greater than 50%, then the 
random-effects model was used; otherwise, the 
fixed-effects model was used (Higgins et al., 2003). 
Publication bias was investigated through a funnel 
plot by the Egger’s and Begg’s tests. Funnel plot 
asymmetry implied results were subject to publication 
bias, whereas symmetry implied a lack of bias. P≤0.1 
was regarded as statistically significant of publication 
bias. The Kaplan-Meier curves were read by Engauge 
Digitizer (Version 2.11; http://sourceforge.net) and 
all statistical calculations were performed by Stata 
software (Version 11.0; StataCorp LP, College Sta-
tion, Texas, USA), using two-sided P values.   

 
 

3  Results 

3.1  Literature search and characteristics of the 
included studies 

Fig. 1 depicts the flow of the literature search; 
293 studies were initially identified, of which 11 were 
eligible for final analysis. As shown in Table 1, 1761 
patients were included in the 11 studies. Five studies 
(770 patients, 43.7%) were from Asian countries 
while the other six (991 patients, 56.3%) were 
non-Asian. IHC was used to evaluate HER-2 expres-
sion levels for all studies with five studies addition-
ally performing fluorescence in situ hybridization, 
silver in situ hybridization, western blotting, or 
quantitative polymerase chain reaction (qPCR). Five 
different cut-off values were used to determine 
HER-2 status, of which the HercepTest scoring sys-
tem was the most frequently adopted (n=5). As for 
prognostic value, five studies identified HER-2 
overexpression as an indicator of poor prognosis 
(Osako et al., 1998; Park et al., 2007; Baiocchi et al., 
2009; Chen et al., 2010; Lu et al., 2012), five studies 
revealed that HER-2 overexpression had no influence 
on CRC survival (McKay et al., 2002; Rossi et al., 
2002; Jesus et al., 2005; Kavanagh et al., 2009; Li et 
al., 2011), and one study reported HER-2 overexpres-
sion to be a good predictor (Conradi et al., 2013) 
(Table 2).  

3.2  Results of meta-analysis  

Meta-analysis of the 11 studies using the random- 

effects model showed that HER-2 overexpression was 
negatively related to the overall survival of CRC 
(HR=1.10, 95% CI: 0.77–1.44), and heterogeneity 
between the included studies was significant 
(I2=69.8%). Subgroup analyses were performed after 
stratifying the data by ethnicity and cut-off value. In 
the Asian subgroup, the association between HER-2 
overexpression and CRC survival was weak; the 
pooled HR was 1.51 and the lower 95% CI was close 
to 1 (95% CI: 1.04–1.97). In the non-Asian subgroup, 
however, the pooled HR was 0.84 (95% CI: 0.44– 
1.23), suggesting that HER-2 overexpression was 
negatively related to CRC survival (Fig. 2). To reduce 
technology bias, we further performed a subgroup 
analysis of the five studies based on the same Hercep- 
Test criteria scoring system. The results gave a pooled 
HR=0.89 (95% CI: 0.50–1.29) (Fig. 3), suggesting 
that HER-2 status determined by the HercepTest 
scoring system was a negative predictor. Meanwhile, 
subgroup analysis of high-quality studies also pro-
duced similar results (HR=0.90, 95% CI: 0.43–1.37) 
(Fig. 4). 

3.3  Publication bias 

Egger’s test and Begg’s funnel plot were used 
for detecting publication bias. Little funnel plot 
asymmetry was found among the included studies, 
with P≥0.1 for both Egger’s and Begg’s tests (0.566 
and 0.371, respectively), suggesting that the publica-
tion bias was statistically insignificant (Fig. 5). 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1  Identification process for eligible studies

293 potentially relevant articles identified based on search strategies

239 excluded after reviewing abstracts for:

  books & documents, reviews, case reports,

  different cancers or objects,   

  laboratory researches, 

  language limitations, and duplicates

54 full-text articles retrieved for detailed evaluation

11 articles included in the final meta-analysis

43 excluded after full-text screening:

  27 survival data not shown sufficiently,

  7 clinical drug trials,

  5 gene analysis,

  3 about HER-2/neu concentration in serum,

  1 low quality 
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Table 1  Major characteristics of the studies included in meta-analysis 

Study Country 
Number of 

patients 
Age  

(year) 
TNM  
stage 

Study  
quality 

Fellow-up period
(month) 

Osako et al., 1998 Japan# 146 65.0 (mean) I–IV Moderate 55.2 (median) 
McKay et al., 2002 UK 248  A–D* Moderate 43 (median) 
Rossi et al., 2002 USA 156 75 (median) I–III** High 46.8 (median) 
Jesus et al., 2005 Brazil 108 63.1 (mean) I–IV Moderate 28.1 (mean) 
Park et al., 2007 South Korea# 137 62.4 (mean) I–IV High 48.5 (median) 
Baiacchi et al., 2009 Brazil 109  II–III Moderate 57.4 (median) 
Kavanagh et al., 2009 Ireland 106 67 (mean) A–D* High  
Chen et al., 2010 China#   44 55 (median)  Moderate 35 (median) 
Li et al., 2011 China# 317 57.8 (mean) I–IV High 68.8 (median) 
Lu et al., 2012 China# 126  I–III Moderate  
Conradi et al., 2013 Germany 264 63 (mean) II–III*** High 46.5 (median) 
* Dukes’ stage; ** American Joint Committee on Cancer (AJCC) stage; *** Union for International Cancer Control (UICC) stage; # Patients 
from Asian countries  

 
Table 2  Method characteristics and effects of HER-2 overexpression on CRC survival 

Study 
Test  

method 
Cut-off  
value 

Positive 
(%) 

HER-2/neu 
effect 

Other influential factor 

Osako et al., 1998 IHC, WB  68.5 Worse Lymph node and liver metastasis, tumor size
McKay et al., 2002 IHC 2+ 81.9 No difference  
Rossi et al., 2002 IHC 1+ 24 No difference AJCC stage, p27, p53, postoperative  

chemotherapy 
Jesus et al., 2005 IHC 10%# 48.1 No difference   
Park et al., 2007 IHC, FISH 2+ 47.4 Worse TNM stage, postoperative recurrence 
Baiacchi et al., 2009 IHC 1.5* 8.3 Worse Lymphatic and perineural invasion, ErbB3, 

membrane ErbB4 
Kavanagh et al., 2009 IHC, FISH 2+ 11 No difference  
Chen et al., 2010  IHC 1+ 31.8 Worse CEA, positive resection margin, lymph node 

metastases 
Li et al., 2011 IHC 2+ 15.5 No difference  
Lu et al., 2012 IHC, qPCR, 

WB 
25%# 53.2 Worse EGFR, TNM stage, lymph node metastasis 

Conradi et al., 2013 IHC, S-ISH 2+ 26.7 Better (y)pT stage, (y)pN stage, resection status 
* Mean value of each tissue sample based on certain criteria. # Precentage of tumor cells that show immunological reactivity. WB: western 
blotting; IHC: immunohistochemistry; S-ISH: silver in situ hybridization; FISH: fluorescence in situ hybridization; qPCR: quantitative 
polymerase chain reaction; AJCC: American Joint Committee on Cancer; EGFR: epidermal growth factor receptor; CEA: carcinoem-
bryonic antigen 

 

Fig. 2  Meta-analysis with random- 
effects model for the association 
between HER-2 overexpression 
and CRC survival and subgroup 
analysis of the Asian and non-Asian 
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4  Discussion 
 
The HER-2 oncogene is located on chromosome 

17q21 and encodes a 185-kDa transmembrane protein 
that exhibits tyrosine kinase activity (Akiyama et al., 
1986). The HER-2 protein belongs to the epidermal 
growth factor receptor (EGFR) family, and dimeriza-
tion of HER-2 with an activated EGFR molecule 
activates the downstream signaling pathway (Jorissen 
et al., 2003). The possible effects of HER-2 for tu-
mors include controlling cell proliferation and mi-
gration (Wolf-Yadlin et al., 2006).  

Regardless of the potential roles of HER-2 on 
tumorigenesis, the present meta-analysis suggested 

Fig. 4  Meta-analysis of studies of high quality with random-effects model for the association between 
HER-2 overexpression and CRC survival 

Fig. 5  Funnel plot for publication bias of all studies in-
cluded in this meta-analysis  
Begg’s funnel plot with pseudo 95% confidence limits 

0.0 0.2 0.4 0.6

Standard error of logHR

−2

−1

0

1

2

Fig. 3  Meta-analysis with random-effects model for the association between HER-2 overexpression 
determined by the HercepTest criteria and CRC survival 
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that HER-2 overexpression probably has little impact 
on CRC survival. The overall pooled HR was 1.10, 
with the 95% CI ranging from 0.77 to 1.44. In the 
non-Asian subgroup, as well as in the HercepTest 
criteria scoring system adopted subgroup and the high 
quality subgroup, the pooled HRs and their corres-
ponding 95% CIs also showed a negative relationship 
between HER-2 overexpression and CRC survival. 
All these results suggested that elevated HER-2 ex-
pression probably has little prognostic value for CRC 
patients. Nevertheless, in the Asian subgroup the 
pooled HR showed a modest effect of HER-2 over-
expression on CRC survival (HR=1.51, 95% CI: 
1.04–1.97). This difference between the Asian and 
non-Asian subgroups may be caused by ethnic dif-
ferences. However, the more likely reason may be the 
various scoring systems used, considering that four 
different criteria were reported in the five studies of 
the Asian subgroup. In addition, it is worth noting that 
Conradi et al. (2013) showed that HER-2 overex-
pression was a good predictive factor. They reported 
that patients with HER-2 positivity showed a trend 
towards a better disease-free survival and a benefit in 
cancer-specific survival, and the 5-year survival rate 
was 96.0% (HER-2 positive) versus 80.0% (HER-2 
negative). This enhances our confidence in the results 
that unlike breast cancer, HER-2 overexpression 
probably has little influence on CRC survival. 

Currently, IHC is a method commonly used to 
evaluate HER-2 status at the protein level. It is eco-
nomical, widely available, easy to operate, and re-
quires little time and equipment. In all the included 
studies, IHC was used to evaluate the HER-2 expres-
sion level. However, a wide range of HER-2 positive 
rates was reported among the 11 studies, ranging from 
8.3% to 81.9%. The following issues may be respon-
sible for the wide difference. First, there is no unified 
and widely accepted scoring system to evaluate the 
HER-2 expression of CRC. In the present study, the 
most frequently used scoring system is the Hercep- 
Test criteria widely used for breast cancer. However, 
whether it is suitable for CRC still needs further in-
vestigations, considering the significantly different 
biological origins of the two cancers. Moreover, IHC 
is a semi-quantitative method that may be easily in-
fluenced by the subjective perceptions of the pathol-
ogist. Finally, the various primary antibodies used, 
the different sizes of samples, and the varied expe-

rimental designs all may lead to inconsistency. Given 
all these reasons, it is probably not surprising that 
significant differences are observed in terms of 
HER-2 positivity, and as a result, these differences 
highlight the need for a scientific, unified detection 
system for HER-2 expression in CRC. 

Several limitations should be mentioned about 
this meta-analysis. On literature searching, we tried 
our best to identify all relevant studies and retrieve 
additional unpublished information, but missing some 
data was unavoidable. In some studies, the HRs and 
their corresponding 95% CIs were indirectly calcu-
lated from other survival data or extracted from the 
survival curves, which may bias our results. Fur-
thermore, as is well known, the survival of CRC is 
influenced by a synergy of many confounding factors 
such as age, differentiation degree, TNM stage, and 
post-operative treatment. Generally, if we perform 
subgroup analysis by as many confounding factors as 
possible including TNM stage, post-operative treat-
ment, cut-off value, ethnicity, and study quality, a 
more accurate HR and a comparatively clearer rela-
tionship between HER-2 overexpression and CRC 
survival can be illustrated. However, not all studies 
considered these variables and in some studies many 
of the primary data were unavailable. Therefore, we 
could only perform subgroup analysis by ethnicity, 
cut-off value, and study quality, which may lead to an 
overestimate of the power of HER-2 overexpression 
on CRC prognosis. Moreover, publication bias is a 
major concern in all forms of meta-analysis, since the 
positive studies are more likely to be published and 
the pooled HR may be exaggerated by the omission of 
unpublished studies. Finally, as we restricted our 
analysis to studies written in English, language bias 
cannot be ignored. All these limitations may decrease 
the reliability of our analysis; thus, our results must be 
interpreted with caution. In future, more rigorous 
studies of large sample sizes, using standardized 
testing methods, unified scoring system, and com-
plete analysis of results are needed to verify the 
prognostic value of HER-2 overexpression on CRC. 

Trastuzumab is a recombinant humanized mo-
noclonal antibody directed against the extracellular 
domain of the HER-2 protein (Tokunaga et al., 2006). 
It is now clear that HER-2 positive breast cancer 
patients can benefit from trastuzumab therapy 
(Seidman et al., 2008). In gastric cancer patients  
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expressing high HER-2 protein, the combination of 
standard chemotherapy with trastuzumab was also 
reported to improve survival (Bang et al., 2010; 
Sawaki et al., 2012). Trastuzumab was found to in-
hibit colony formation of colon cancer cells in vitro 
(Mann et al., 2001). In a case reported by Sorscher 
(2011), a marked radiographic response to trastuzu-
mab was observed in a HER-2 positive CRC patient. 
However, large-scale clinical trials on trastuzumab 
therapy for CRC are still lacking, and the benefits of 
neoadjuvant trastuzumab treatment for CRC patients 
remain unknown. Thus, a randomized controlled trial 
to address this potentially beneficial therapeutic op-
tion is warranted, especially for HER-2-positive CRC 
patients.  

 
 

5  Conclusions 
 
In summary, this meta-analysis suggests that 

HER-2 overexpression probably has little impact on 
CRC survival. Nevertheless, differences in selection 
and scoring, and publication and language biases 
must be taken into consideration when dealing with 
the results. Our study needs further confirmations by 
large-scale, well-designed, and rigorously-conducted 
studies in order to determine the relationship between 
HER-2 overexpression and CRC survival. 
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中文概要： 
 

本文题目：HER-2 高表达与结直肠癌生存期关系的 meta 分析 

HER-2 overexpression and survival in colorectal cancer: a meta-analysis 

研究目的：探讨人类表皮生长因子受体 2（HER-2）的高表达与结直肠癌患者术后生存期的关系。 

创新要点：采用 meta 分析的方法，精确地探讨 HER-2 高表达与结直肠癌患者生存期的关系，解决不同研

究产生不同结论的矛盾。 

研究方法：系统收集近 20 年来所有与 HER-2 表达和结直肠癌生存期关系相关文献，提取数据并计算与癌

症或总体生存时间对应的危险比及其 95%可信区间。 

重要结论：HER-2 高表达可能与结直肠癌患者术后生存时间无关（见图 2）。 

关键词组：人类表皮生长因子受体 2（HER-2）；结直肠癌；生存期；Meta 分析 


