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Introduction

The human epidermal growth factor receptor (HER) 
receptor family is widely recognized for its significant 
impact on various forms of human cancer pathogenesis 
[1]. The HER family consists of four members, with HER2 
and HER3 being the two most significant ones [2]. Upon 
interacting with extracellular ligands, these receptors 
initiate various downstream pathways that govern a wide 
range of processes, including differentiation, migration, 
proliferation, and survival [3].

The HER2 receptor is found on the cell membrane 
and can activate tyrosine kinases. The overexpression 
of the HER2 receptor plays a crucial role in the process 
of transformation and tumorigenesis [4]. Different 
subcategories of human cancers have been observed 
to exhibit varying levels of HER2 overexpression, and 
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assessing the HER2 status is essential in determining 
the suitability of anti-HER2 targeted therapies [5]. 
Nevertheless, HER3 is unique among the members of 
the HER family in that it lacks tyrosine kinase activity. 
Recognizing HER3’s role in tumor growth, rapid 
multiplication, and drug resistance in cancers like breast 
and non-small cell lung cancer highlights the importance 
of disabling HER3 and its signaling pathways to overcome 
treatment resistance and improve outcomes for cancer 
patients [6].

As there is no known ligand for HER2 and HER3 has a 
faulty intrinsic tyrosine kinase, HER2 prefers to combine 
with HER3 to form heterodimers [7]. The HER2/HER3 
heterodimer is a potent oncogenic unit that is linked to 
various cancers’ progression and poor overall survival [8]. 
The evasion of apoptosis is significantly influenced by the 
interaction between HER2 and HER3, which is reliant on 
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the presence of the HER3 ligand (heregulin) [9].
Due to the significance of this co-expression, agents 

have been designed with the specific purpose of targeting 
the dimerization of HER2-HER3. Pertuzumab serves as an 
illustration of such an agent. It functions as an antibody 
that efficiently obstructs the formation of HER2-HER3 
dimers upon ligand binding [10, 11]. Furthermore, certain 
studies have employed drugs that target HER2 and HER3 
simultaneously in cancer treatment [12-14].

Despite several studies conducted on the co-expression 
of HER2 and HER3 receptors in different types of cancer, 
none of these studies have specifically collected data 
regarding the expression levels of this co-expression 
across various cancer types. Based on the available data, 
we hypothesize that many types of cancer express the 
dimer of HER2-HER3. Therefore, the objective of this 
study was to gather and analyze the results from reliable 
studies to examine the co-expression level of HER2 and 
HER3 across different types of cancer.

Materials and Methods

Search strategy
This meta-analysis was conducted in compliance with 

the guidelines outlined in the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
2020 guidelines and registered in the PROSPERO 
registry (CRD42024504256). We searched multiple 
databases including Scopus, PubMed, Web of Science, 
and EMBASE to find relevant studies. Additionally, we 
manually searched the available literature on Google 
Scholar, covering up to 30 pages, and reviewed the 
references of the identified studies to locate relevant 
research. Our search was not limited by language and 
included studies published until January 2024. To 
conduct our search, we used the terms “HER2,” “HER3,” 
and “Co-expression,” along with their corresponding 
synonyms. Due to the data type in the present study, we 
used an epidemiological meta-analysis design.

Study selection and data extraction
In this meta-analysis, we included all case-control 

studies investigating the HER2 and HER3 co-expression 
levels in cancerous patients. Our main objective is 
to determine the expression rate of HER2 and HER3 
co-expression in cancer patients and gather essential data. 
We have clearly defined exclusion criteria, which include 
letters, editorials, abstracts, conference abstracts, and 
publications lacking sufficient information. Furthermore, 
we have excluded studies that used patients with diseases 
unrelated to cancer. Two independent investigators 
(RHM and NA) assessed studies based on predetermined 
inclusion and exclusion criteria in a blinded manner. 
Disagreements were resolved through consensus. The 
data collected was inputted into an Excel spreadsheet 
that included the primary author’s last name, the study’s 
location and date, the total number of cancer patients, the 
number of patents with HER2-HER3 dimerization, the 
mean age of the patients, the ethnicity of patients, and the 
method applied to evaluate biomarker expression.

Assessing the risk of bias
The quality of the included studies was assessed using 

the Joanna Briggs Institute Critical Appraisal Instrument 
(JBI) for systematic reviews of prevalence and incidence 
[15, 16]. Two authors (RHM and NA) independently 
conducted the evaluation blindly. In the event of any 
disagreement, a third person was consulted to resolve the 
issue. This instrument has been proven to be a reliable 
and valid tool for evaluating observational studies. The 
risk of bias was categorized as high if the study scored 
49% or below, moderate if the study scored between 50% 
and 69%, and low if the study scored 70% or above [17]. 

Statistical analysis
The statistical analysis was performed using the 

Comprehensive Meta-analysis software version 3, 
developed in Biostat, USA. The statistical analysis used 
the total sample size and the number of patients with 
her2-her3 co-expression to determine the odds ratios and 
their corresponding 95% confidence intervals. A p-value 
lower than 0.05 is considered statistical significance. The 
Cochrane Q and I2 statistics were used to evaluate the 
heterogeneity of the studies. If the Cochrane Q P-value 
was less than 0.1 and the I2 value exceeded 50%, indicating 
the presence of statistical heterogeneity, a random-effects 
model was used to estimate the outcome data. Conversely, 
a fixed-effects model was employed in other cases. In 
order to evaluate how confounding variables affected 
the results of the meta-analysis, subgroup analysis, 
and meta-regression were performed. Furthermore, a 
sensitivity analysis was carried out by systematically 
excluding each study to assess the reliability of the 
findings.

Results

Study design and description of included studies
The Figure 1 illustrates the process of literature 

screening and study selection. After conducting an initial 
online investigation, we obtained a total of 6,624 articles 
from the EMBASE, PubMed, Scopus, and Web of Science 
library databases that could be relevant. After carefully 
examining the titles, abstracts, and keywords, 6524 articles 
were eliminated from consideration due to duplication or 
lack of relevance to the present analysis. 

Finally, we found 100 studies that report the rates 
of HER2-HER3 co-expression in cancer patients. Out 
of these, 40 studies were excluded due to incomplete 
information, low quality, and not meeting the exclusion 
criteria. The remaining 60 studies were selected for 
the present study, and we have provided their details 
in Table 1. Out of all the studies conducted, nineteen 
studies involved 6,079 patients with breast cancer, while 
nine studies involved 829 patients with lung cancer. Six 
studies included 1,423 patients with gastric cancer, and 
four studies included 802 patients with colorectal cancer. 
The remaining studies focused on other types of cancer.

Risk of bias assessment
The analysis covered various studies and their quality 

was assessed using the JBI quality assessment checklist 
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Cancer type First author Year Country Continent Total number 
of patients

Number of 
cases with 
HER2 and 
HER3 co-
expression

Mean Age 
or Age 
Range

Gender Method 
of HER2 

and HER3 
evaluation

JBI

Score

Breast cancer Bobrow [28] 1997 UK European 53 7 - F:53 IHC 77.7

M:0

Suo [29] 2002 Norway European 97 9 64 F:97 IHC 100

M:0

Hudelist [30] 2003 Austria European 74 59 54.2 F:74 Western 
blot-analysis

100

M:0

Witton [31] 2003 UK European 220 26 - F:220 IHC 100

M:0

El-Rehim [32] 2004 UK European 1406 51 53 F:1406 IHC 100

M:0

Barnes [33] 2005 UK European 105 8 55 F:105 IHC 100

M:0

Wiseman [34] 2005 Canada North 
American

242 2 - F:242 IHC 88.8

M:0

Bianchi [35] 2006 Italy European 145 40 52.6 F:145 IHC 88.8

M:40

Yen [36] 2006 USA North 
American

35 12 - F:35 Western-
Blot

88.8

M:0

Kaya [37] 2008 Turkey European 59 11 59 F:59 IHC 100

M:0

Haas [38] 2009 Germany European 171 41 - F:171 IHC 100

M:0

Gori [39] 2012 Italy European 61 31 53 F:61 IHC 100

M:0

Spears [40] 2012 UK European 291 124 50.9 F:291 Proximity 100

M:0 ligation 
assay

Spears [41] 2012 UK European 692 67 - F:692 IHC 100

M:0

Bae [42] 2013 Korea Asian 235 103 23-77 F:235 IHC 100

M:0

Czopek [43] 2013 Poland European 35 16 54.4 F:35 IHC 88.8

M:0

Jerjees [44] 2014 UK European 1401 92 54 F:1401 IHC 100

M:0

Luhtala [45] 2018 Finland European 308 46 61 F:308 IHC 100

M:0

Hassanzadeh 
Makoui [46]

2024 Iran Asian 444 53 - F:441 IHC 100

M:3

Biliary tract 
cancers

Lamarca [47] 2018 UK European 67 1 65.6 F:35 IHC 77.7

M:32

Bladder cancer Chow [48] 2001 China Asian 245 67 63.3 F:80 IHC 100

M:165

Memon [49] 2006 Denmark European 88 29 72 F:19 RT-PCR 88.8

M:69

Table 1. Fundamental Features of the Included Studies
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Cancer type First author Year Country Continent Total 
number of 

patients

Number of 
cases with 
HER2 and 
HER3 co-
expression

Mean Age 
or Age 
Range

Gender Method 
of HER2 

and HER3 
evaluation

JBI 
Score

Colorectal cancer Khelwatty [50] 2014 UK European 86 20 - F:37 IHC 100

M:49

Seo [51] 2015 Korea Asian 364 21 - F:59 IHC 100

M:305

Stahler [52] 2017 Germany European 208 6 - - IHC 77.7

Khelwatty [53] 2021 UK European 144 109 - F:43 IHC 100

M:101

Endometrial cancer Androutsopoulos 
[54]

2013 Greece European 10 9 67.3 - IHC 77.7

Esophageal Yoon [55] 2014 USA North 
American

224 38 - F: IHC 88.8

adenocarcinoma M:

Esophagogastric 
adenocarcinoma

Chan [56] 2016 USA North 
American

52 18 66 F:10 IHC 88.8

M:42

Extrahepatic 
cholangiocarcinoma

Lee [57] 2012 Korea Asian 224 13 60.9 F:66 IHC 100

M:164

Gastric Cancer Lee [58] 2013 Korea Asian 50 13 61 - Collaborative 
Enzyme 

Enhanced 
Reactive-

immunoassay

66.6

Ja´come [59] 2014 Brazil South 
American

200 23 62 F:77 IHC 100

M:124

He [60] 2015 China Asian 498 25 59 F:148 IHC 100

M:350

Tang [61] 2015 China Asian 121 14 - F:36 IHC 100

M:85

Yun [62] 2018 Korea Asian 502 13 62 F:170 IHC 100

M:332

Glioblastoma Torp [63] 2007 Norway European 21 8 30-79 F:9 IHC 88.8

M:12

Head and neck 
squamous cell 
carcinoma

Takikita [64] 2011 USA North 
American

387 13 61 F:95 IHC 77.7

M:292

Laryngeal squamous 
cell carcinoma

Almadori [65] 2021 Italy European 132 14 - - IHC 77.7

Lung cancer Nishio [66] 2006 Japan Asian 31 13 62 F:11 IHC 77.7

M:20

Sonnweber [67] 2006 Austria European 79 21 61 F:18 IHC 88.8

M:60

Koutsopoulos 
[68]

2007 Greece European 209 3 62 F:20 IHC 88.8

M:189

Fujita [69] 2008 Japan Asian 52 7 - - IHC 77.7

Xu [70] 2008 China Asian 90 13 64 F:46 IHC 100

M:44

Xu [71] 2009 China Asian 106 12 62 F:51 IHC 100

M:55

Berghoff [72] 2013 Austria European 131 7 57 F: IHC 77.7

M:

Siegfried [73] 2015 USA North 
American

86 13 68.2 F:57 IHC 100

M:47

Manickavasagar 
[74]

2021 UK European 45 5 58 F:26 IHC 88.8

M:19

Table 1. Continued
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Cancer type First author Year Country Continent Total 
number of 

patients

Number of 
cases with 
HER2 and 
HER3 co-
expression

Mean Age 
or Age 
Range

Gender Method 
of HER2 

and HER3 
evaluation

JBI 
Score

Nasopharyngeal 
carcinoma

Tulalamba [75] 2014 Thailand Asian 82 0 48.67 F:25 IHC 100

M:57

Neuroblastic tumors Izycka-
Swieszewska 
[76]

2011 Poland European 103 37 - F:103 IHC 100

M:0

Oral squamous cell 
carcinoma

Bei [77] 2001 USA North 
American

32 10 - - IHC 77.7

Osteosarcoma Wang [78] 2018 China Asian 60 6 24 F:21 IHC 100

M:39

Ovarian cancer Simpson [79] 1995 UK European 46 34 60 F:46 IHC 88.8

M:0

Puvanenthiran 
[80]

2018 UK European 60 37 - F:60 IHC 100

M:0

Pancreatic cancer Thomas [81] 2014 France European 44 5 - - IHC 77.7

Papillary thyroid 
carcinoma

Haugen [82] 1996 Norway European 56 36 - - IHC 66.6

Prostate cancer Carlsson [83] 2013 China Asian 12 3 57-74 F:0 IHC 77.7

M:12

Squamous cell 
carcinomas of head 
and neck

O-charoenrat 
[84]

2002 UK European 54 20 59.7 F:10 RT-PCR 88.8

M:44

Squamous cell 
carcinomas of oral 
cavity and base of 
tongue

Ekberg [85] 2005 Sweden European 19 3 49-82 F:11 IHC 77.7

M:8

Squamous cell 
carcinoma of skin

Krahn [86] 2001 Germany European 5 1 - - RT-PCR 66.6

Thymic carcinoma Weissferdt [87] 2012 USA North 
American

24 8 62.3 F:4 IHC 88.8

M:20

Table 1. Continued

Cancer type Number of included 
studies

I2

(%)
Q-test’s P 

value

Breast cancer 19 97.48 P<0001

Colorectal cancer 4 98.64 P<0001

Gastric cancer 6 93.84 P<0001

Lung cancer 9 84.53 P<0001

Table 2. The Heterogeneity Analysis of the Conducted 
Studies

for systematic reviews of prevalence and incidence. The 
studies were rated on a scale of 0 to 100%. Studies with 
scores below 50% were excluded, and the quality scores 
of the remaining studies were presented in Table 1.

Meta-analysis results
According to our analysis, the rate of simultaneous 

expression of HER2 and HER3 biomarkers in breast cancer 
patients is 18.5% (95%CI 11.7–27.9), in colorectal cancer 
patients is 17.1% (95%CI 2.4–63.4), in gastric cancer 
patients is 11.3% (95%CI 4.2–17.2), and in lung cancer 
patients is 12.7% (95%CI 5.2–22.8). Figure 2 shows the 
corresponding forest plots. 

Moreover, we evaluated the concomitant expression 
rate of HER2 and HER3 in various types of cancers. Our 

analysis of the data gathered from various studies revealed 
the following co-expression rates: 1.5% in biliary tract 
carcinoma, 28.9% in bladder cancer, 18.5% in breast 
cancer, 17.1% in colorectal cancer, 90% in endometrial 
carcinoma, 17% in esophageal adenocarcinoma, 5.8% in 
extrahepatic cholangiocarcinoma, 11.3% in gastric cancer, 
38.1% in glioblastoma, 12.5% in head and neck squamous 
cell carcinoma, 10.6% in laryngeal squamous cell 
carcinoma, 12.7% in lung cancer, 0% in nasopharyngeal 
carcinoma, 35.9% in neuroblastic tumors, 26.4% in oral 
squamous cell carcinoma, 10% in osteosarcoma, 67.3% 
in ovarian cancer, 11.4% in pancreatic cancer, 25% in 
prostate cancer, 20% in skin squamous cell carcinoma, 
and 49.8% in thyroid cancer.

Heterogeneity, subgroup analysis and meta-regression 
analysis

After analyzing the data using the I2 index and Q test, 
we found that there is a significant heterogeneity among 
the studies (Table 2). Therefore, we have decided to 
conduct subgroup analysis and meta-regression tests to 
determine the potential factors that might be contributing 
to this heterogeneity using the available data. The results 
of the subgroup analysis indicate that the difference in 
the patients’ geographical locations does not significantly 
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Figure 1. The Flow Diagram of Literature Search and Study Selection

impact the co-expression of HER2 and HER3 in breast 
(P=0.786), gastric (P=0.490) and lung (P=0.456) cancers. 
Therefore, region of residency cannot be considered as the 
cause of heterogeneity.

Furthermore, we utilized meta-regression to assess the 
impact of age on the co-expression of HER2 and HER3 in 
breast and lung cancers, as well as the influence of gender 
on the co-expression of HER2 and HER3 in lung cancer 
and the cancers prevalent in both males and females. Our 
findings indicate that age doesn’t have a significant impact 
on the co-expression of HER2 and HER3 in breast and lung 
cancers (P=0.304 and P=0.529 respectively). Although 
gender had a significant impact on the co-expression of 
HER2 and HER3 in lung cancer (P=0.038), it did not show 
a significant effect on this co-expression in the combined 
results of cancers affecting both sexes (P=0.796). As a 
result, gender may be one of the influential factors in 
creating heterogeneity in the results of studying the co-
expression of HER2 and HER3 in lung cancer. Scatter 
plot diagrams related to our meta-regression analysis are 
shown in Figure 3.
Sensitivity analysis

We conducted a Sensitivity analysis by excluding one 
study at a time. The outcomes indicated that the results 
of our meta-analysis were not significantly changed even 
when each study was omitted. This further strengthens the 

credibility and reliability of our research findings.

Discussion

Targeted therapy for tumors expressing the HER2/
HER3 heterodimer is crucial due to its significance in 
tumor development [18]. HER3 induces resistance to 
HER2-targeted treatment by activating the PI3K/AKT and 
SRC signaling pathways, which are two crucial molecular 
mechanisms implicated in the development of resistance 
to trastuzumab and lapatinib [19]. Due to the issue’s 
importance, the simultaneous expression rate of HER2 
and HER3 in cancer patients was analyzed.

Our research has found that HER2 and HER3 are 
expressed simultaneously in a wide range of cancer types. 
The outcomes of our study align with those of Iqbal et al.’s 
research [1], which demonstrated the presence of HER2 in 
different cancer types, and Majumdar et al.’s investigation 
[6], which showed the existence of HER3 in various types 
of cancer. Trastuzumab monotherapy yields response rates 
ranging from 11% to 26% in metastatic breast cancer [20]. 
Our study indicates that incorporating concurrent HER2 
and HER3 therapy in breast cancer and other cancer types 
could be a beneficial strategy to improve the efficacy of 
anti-HER2 treatment.

The data analysis regarding the co-expression of 
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Figure 2. Forest Plots of Studies Examining the Co-Expression Rate of HER2 and HER3 in Breast, Colorectal, Gastric 
and Lung Cancers.
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Figure 3. Meta-Regression Linear Prediction Plots that Show the Correlation between Age and the Co-Expression of 
HER2 and HER3 in Breast and Lung Cancers (A and B, respectively); meta-regression linear prediction plots that 
show the correlation between gender and the co-expression of HER2 and HER3 in lung cancer and the cancers that 
affect both males and females (C and D, respectively)

HER2 and HER3 exhibited significant heterogeneity 
across studies. Consequently, subgroup analysis and 
mete-regression were conducted on the number of 
possible factors, such as median age, gender, and region of 
residency among the patients included in the study. Out of 
all the factors analyzed, only gender showed a significant 
correlation with lung cancer, with the co-expression of 
HER2 and HER3 being significantly higher among women 
than men. However, to validate this relationship, more 
studies need to be included in future investigations. There 
are reports in the literature that have found a correlation 
between biomarker expression and gender in some types 
of cancer. One such study by Chen et al. [21] supports our 
findings and suggests that HER2 IHC expression levels 
are associated with gender. The study found that the rate 
of HER2 positivity was higher in female patients than in 
male patients with esophageal squamous cell carcinoma. 
In a different research study, Fatih et al. [22] found that 
healthy men have higher levels of HER2 in their serum 
than healthy women. This result was contrary to the 
result of our study. The reason for this discrepancy could 
be the possibility that this relationship differs in healthy 
individuals versus those with lung cancer. Additionally, 
the co-expression with HER3 may have an impact on the 
results. According to the studies conducted by Wei et al. 
[23], Pillai et al. [24], and Ninomiya et al. [25], it has 
been observed that HER2 mutations are more prevalent in 
females than males among patients with lung cancer. These 
mutations may be linked to increased expression of HER2, 
which could explain our study’s findings regarding higher 

expression of HER-HER3 in females with lung cancer 
compared to males. In line with our research, Toschi et al. 
[26] have found a strong correlation between the female 
gender and the presence of a positive HER3 pattern in 
advanced non-small-cell lung cancer.

Several factors could contribute to the observed 
heterogeneity that can be investigated in future studies. 
They include variations in ethnicity, body mass index, 
differences in the methods used to detect the expression 
rate of HER2 and HER3, variations in the primary 
antibodies used for immunohistochemistry staining, 
differences in the individuals who scored the sample 
slides, and variances in the temperature of the room where 
the immunohistochemistry was conducted.

The current research is the first meta-analysis to 
focus on the co-expression rate of HER2 and HER3. In 
this investigation, we only included medium and high-
quality studies based on the JBI scale. The majority of the 
studies selected for this analysis used a single technique 
to measure the expression levels of HER2 and HER3. 
Additionally, the median age of patients included in the 
study was nearly uniform. It is important to acknowledge 
the limitations of our study. Firstly, while efforts were 
made to standardize the cutoff values for HER2 and 
HER3 in the selected studies, slight variations were 
observed in certain studies. These variations should be 
taken into account for future research endeavors. Finally, 
in this study, meta-analysis was not possible for types of 
cancer other than breast, colorectal, gastric, and lung due 
to limited studies available. This highlights the need for 
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future meta-analyses to be carried out.
In conclusion, the study’s findings indicate that several 

types of cancer, including biliary tract carcinoma, bladder 
cancer, breast cancer, colorectal cancer, endometrial 
carcinoma, esophageal adenocarcinoma,  in extrahepatic 
cholangiocarcinoma, in gastric cancer, glioblastoma, head 
and neck squamous cell carcinoma, laryngeal squamous 
cell carcinoma, lung cancer, nasopharyngeal carcinoma, 
in neuroblastic tumors, oral squamous cell carcinoma, 
osteosarcoma, ovarian cancer, pancreatic cancer, prostate 
cancer, skin squamous cell carcinoma, and thyroid cancer, 
exhibit co-expression of HER2 and HER3 biomarkers and 
this heterodimer can be targeted in this cancers.
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