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A B S T R A C T   

Accurate data on HER2 positivity in esophageal squamous cell carcinoma patients (ESCC) is lacking. We con-
ducted a systematic review and meta-analysis (Single Incidence Rates; metarate package, R) to examine the 
prevalence of HER2 in ESCC. Data on in situ hybridization (ISH) and immunohistochemistry (IHC) were 
extracted to derive pooled prevalence estimates, characteristics of the studies were extracted for subgroup 
analysis. Eighteen studies with 1505 patients were identified. HER2 gene amplification by ISH were prevalent in 
10 % (95 % CI 6.9 %–15 %). Prevalence of HER2 overexpression (IHC3+) and borderline HER2 expression 
(IHC2+) were 6 % (95 % CI: 3.5 %–8.7 %) and 10 % (95 % CI: 6.0 %–17 %), respectively. An estimated 8.6 % (95 
% CI: 5.5 %–13 %) of ESCC were HER2 positive using initial IHC followed by reflex ISH confirmation of 
borderline HER2 expression. In conclusion: Estimated prevalence of HER 2 positivity in ESCC were 10 % assessed 
by ISH and 8.6 % assessed by initial IHC followed by ISH.   

1. Introduction 

Esophageal cancer is the 8th most common type of cancer in the 
world with an estimated total number of 572,000 new cases/year. The 
two most common histological subtypes are esophageal adenocarci-
noma (EAC) and esophageal squamous cell carcinoma (ESCC), the latter 
accounts for 482,000 cases per year (Arnold et al., 2015; Arnold et al., 
2020). Prognosis remains poor with 5-year survival in the range of 
15–25 % with only small improvements accomplished over the last 
couple of decades Schwabe et al., 2015. 

The treatment options for patients with localized or locally advanced 
ESCC include neoadjuvant chemoradiotherapy followed by resection, or 
definitive chemoradiotherapy (van Hagen et al., 2012). A majority of 
patients are not eligible for curative treatment options and will be 
offered palliative chemotherapy. The use of palliative chemotherapy in 
first line for ESCC is based on low-evidence studies with very moderate 
improvement in overall survival from 6 to around 8 months (Janmaat 
et al., 2017). There is no consensus regarding the optimal treatment 
regimen, but among agents used in first and second line for esoph-
agogastric carcinoma are fluoropyrimidine, platinums, taxanes, and 
irinotecan (Shah et al., 2020). No randomized studies have shown 

survival benefit of second-line chemotherapy. In a large, phase III study 
with randomization between second-line chemotherapy and check-point 
inhibitor pembrolizumab, a subgroup analysis of 401 patients with 
squamous cell carcinoma and PD-L1 positive showed prolonged survival 
from 6.7 months to 10.3 months (HR 0.64 (95 % CI: 0.46− 0.90)) in the 
pembrolizumab-arm (Kojima et al., 2020). Pembrolizumab has been 
approved by FDA but not by EMA based on these results. Based on the 
results from a large phase III study with randomization between Nivo-
lumab, a PD-1 inhibitor, and standard second-line chemotherapy, 
Nivolumab was approved by EMA. Nivolumab improved overall survival 
from 8.4 months to 10.9 months, (HR 0.77 (95 % CI: 0.62− 0.96)) in 
pre-treated patients with advanced or metastatic ESCC (Kato et al., 
2019). Besides emerging evidence and use of PD-1 and PDL-1 immu-
notherapies no other targeted therapies have been approved for use in 
metastatic ESCC. Thus, there is an obvious medical need to identify 
putative drug targets for the development of targeted therapies in ESCC. 
Since the publication of the ToGA trial, the use of trastuzumab in HER2 
positive EAC has been widely implemented throughout the world (Bang 
et al., 2010). HER2 is a human epidermal receptor 2 tyrosine kinase of 
the epidermal growth factor receptor (EGFR) class coded by an onco-
gene ERBB2 located on chromosome 17. Screening guidelines developed 
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by the College of American Pathologists, American Society of Clinical 
Pathology and the American Society for Clinical Oncology recommend 
the evaluation of HER2 status in gastroesophageal adenocarcinoma 
(GEA) to determine if patients are candidates for HER2 targeted therapy 
with trastuzumab. Several negative phase III studies in HER2-positive 
GEA have been performed with other HER2-directed therapies such as 
T-DM1, lapatinib, and pertuzumab (Zhao et al., 2019). Other HER2 
directed drug compounds are in the pipeline but until recently trastu-
zumab was the only approved drug for the use in GEA (Bartley et al., 
2017; Gerson et al., 2017). In 2019, the FDA granted approval for 
trastuzumab deruxtecan based on a randomized trial demonstrating a 
substantial survival benefit as third line therapy in recurrent HER2 
positive GEA (Shitara et al., 2020). 

Although immunohistochemistry (IHC) and in situ hybridization 
(ISH) according to the Ruschoff /Hofmann HER2 scoring method 
(Hofmann et al., 2008) has been developed for EAC, the methods have 
also been applied to ESCC. For IHC, membranous staining patterns are 
evaluated in surgical specimens and tumor cell cluster staining in biopsy 
specimens. Based on the staining pattern, semi quantitative scoring is 
done by the reading pathologist: IHC0 having no reactivity, IHC1+ with 
weak/faint or incomplete staining, IHC2+ with weak to moderate or 
equivocal staining, and IHC3+ with complete/intense staining. IHC0 
and IHC1+ are evaluated as HER2 normal expression, IHC3+ as HER2 
overexpression. IHC2+ is regarded as borderline HER2 expression, 
triggering further ISH testing using probes hybridizing to the HER2 and 
centromeric regions of chromosome 17 (CEP17). A HER2/CEP17 ratio of 
>2 is regarded as HER2 gene amplified. In some cases, a phenomenon 
has been observed in which an average of >3 copies of CEP17 per tumor 
cell are recorded. This phenomenon is referred to as “polysomy” which 
is either the result of an increased number of the entire chromosome 17 
or merely a co-amplification of the centromeric region. In the ToGA 
trial, CEP17 polysomy and HER2 positivity were reported in 4,1% and 
22 %, respectively, in patients with gastric or gastroesophageal junction 
adenocarcinoma (Bang et al., 2010). 

Currently, HER2 directed therapy is not used in ESCC, and there are 
no published studies examining HER2 targeted therapy in HER2 positive 
ESCC patients. Even though HER2 overexpression/gene amplification is 
also present in a subset of ESCC as indicated by a meta-analysis pub-
lished in 2014 including both EAC and ESCC (Gowryshankar et al., 
2014). However, a number of studies included in the meta-analysis only 
reported the prevalence in esophageal cancer in general with no 
distinction between histological subtypes i.e. ESCC and EAC, potentially 
resulting in a flawed estimation of the prevalence specific for ESCC. 
Furthermore, varying definitions of HER2 positivity were used in the 
included studies. Since the publication of the meta-analysis in 2014, 
several studies have been reported providing additional data. Therefore, 
the aim of this study was to perform an updated meta-analysis focusing 
on the prevalence of HER2 positivity in ESCC. These data will provide 
important knowledge to explore the potential role of HER2 directed 
therapy in ESCC. 

2. Methods 

2.1. Eligibility 

Inclusion Criteria: Only studies examining human ESCC tissue were 
included. Studies allowed were prospective and retrospective observa-
tional studies provided the study population was not a preselected HER2 
positive cohort. HER2 status had to be evaluated by either IHC reporting 
semi-quantitative scores of 0, 1+, 2+, 3+ or quantitative ratios of HER2 
gene copy number relative to chromosome 17 by ISH or by both IHC and 
ISH. Studies providing only dichotomous reports of HER2 status (posi-
tive vs. negative) were not eligible. Reports not differentiating between 
ADC and ESCC patients in HER2 estimates were not included. Exclusion 
criteria: Studies reported in languages other than English, unpublished 
studies and conference abstracts were excluded. 

Rationale for criteria: The above-mentioned inclusion criteria were 
chosen as explicit data on semi-quantitative scoring or ISH ratios are 
needed to confidently compare estimates between studies. We also avoid 
overestimating HER2 prevalences by excluding studies grouping for 
example IHC 1+, 2+ and 3+ as HER2 positive. Studies not differenti-
ating between ESCC and ADC patients are excluded as retrieval of reli-
able estimates of prevalences in ESCC is not possible. 

2.2. Identifying studies 

To identify published studies, references included in a previously 
published meta-analysis by Gowryshankar et al. were screened for 
studies examining prevalence of HER2 in ESCC by the above-mentioned 
criteria. In addition, PubMed, Embase, Web of Science were searched up 
to July 27, 2020 using the search string (esophagus or esophageal cancer 
[Title]) AND (HER2 OR c-erB2[Abstract]) AND (planocellular or squa-
mous cell [Abstract]). The search syntaxes were adapted to those used 
by each search engine. Exact search-syntax used for each search engine 
can be seen in Supplemental S2. No limitations were set in regarding of 
date of coverage. In addition, hand searching of references list of ob-
tained articles was conducted. 

2.3. Study selection process 

Titles were identified by the above-mentioned search strategy and 
screened by the investigator (KE) by the above-mentioned inclusion and 
exclusion criteria for inclusion in the final meta-analysis. As such re-
views, conference abstracts, cell line and animal studies were not 
eligible for inclusion. A full list of studies included in Gowryshankar 
et al., abstracts screened but not included and full texts screened but not 
included as well as the reason for exclusion is listed in Supplemental S3. 

2.4. Risk of bias in individual and across studies 

The eligibility criteria were designed to minimize risk of bias across 
studies. As the studies included are observational and not randomized 
controlled trials or interventional in nature risk of bias was assessed 
using recommendations from COSMOS-E (Conducting Systematic Re-
views and Meta-Analyses of Observational Studies of Etiology) (Dekkers 
et al., 2019). Selection bias was assessed by registering whether studies 
included treated or untreated patients. Bias due to time dependent 
confounding across studies was assessed by registering year of date of 
publication. Information bias was assessed by registering amount of 
pathologist examining the tissue. Further information bias was assessed 
by registering methods potentially affecting how frequently the outcome 
were registered: Prospectively collected or archival samples (Sample), 
Tissue fixation method, ISH probe and IHC assay. The latter were also 
treated as confounders together with geographic region and whether the 
study examined only ESCC tissue or both ESCC and EAC tissue and these 
variables were included in subgroup analyses. 

2.5. Data items and collection 

A data extraction form was used to extract equivalent information 
from each paper. First author, published year, geographic region, pro-
spectively collected or archival samples (sample), tissue fixation 
method, number of pathologists analyzing tissue (pathologists) whether 
the sampled patient population was treated or untreated (Patient pop-
ulation), whether the study examined only ESCC tissue or both ESCC and 
EAC tissue (histology), ISH probe and IHC assay. In addition, numbers 
(n) of ESCC patients: size of study population, IHC0, IHC1+, IHC2+, 
IHC3+, amplification (defined as an ISH gene/centromere ratio of >2) 
and CEP17 polysomy were collected. 2.6 
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2.6. Specification of endpoints 

The following endpoints were predefined: Primary endpoints were 
ISH verified HER2 amplification rate and IHC verified HER2 over-
expression. Secondary endpoints were levels of HER2 overexpression 
assessed by IHC and rate of gene amplification by ISH in various IHC 
scores. Rate of CEP-17 polysomy was not a pre-defined endpoint but was 
included as a secondary endpoint while conducting the meta-analysis. 

2.7. Analyses and statistics and synthesis methods 

Meta-analysis was conducted using a random effects model of in-
verse variance method. DerSimonian-Laird estimator was used for tau2 

and Jackson method was used for generating confidence intervals for 
tau2. An overall prevalence rate was calculated by log transformation of 
data. A continuity correction of 0.05 was used to be able to calculate 
confidence intervals in studies with zero events. Forrest plots were 
sorted based on weight. Weighting was based off a standard random- 
effects model utilizing within-study variance and between study- 
variance (tau2). R version 4.0.0 and package metarate was used. 

Studies were included in each respective meta-analysis based on the 
available data. Such that studies reporting ISH data were included in the 
meta-analysis assessing prevalences of: CEP-17 polysomy, HER2 gene 
amplification and HER2 gene amplification with varying protein 
expression assessed by IHC. Studies with data of HER2 protein expres-
sion assessed by IHC were included in an analysis of the prevalence of 
protein HER2 overexpression. According to the criteria used in the ToGA 
trial, the number of patients with HER2 positivity was for each study 
defined as the following: a) If the study defined a patient as HER2 
positive if either IHC3+ or IHC2+ and HER2 gene amplification by ISH, 
the HER2 status reported by the study was used. If studies did not use 
ISH to test IHC2+ patients, the following approximation was used: b) All 
patients with IHC3+ were counted as HER2 positive. In addition, the 
number of HER2 positive patients among IHC2+ patients were esti-
mated by multiplying the total number of IHC2+ patients by a factor of 
0.31. This factor was chosen based on our random effects model, Fig. 3, 
showing that 31 % of IHC2+ patients were ISH amplified. 

3. Results 

3.1. Characteristics of included studies 

Eighteen studies including a total of 1505 patients (Table 1, full 
characteristics of studies included in supplemental data, S1) were 
identified to study the prevalence of HER2 positivity in ESCC (Fig. 1). 
Eight studies reported data on both primary endpoints and 10 studies 
reported data only on IHC. All studies used archival tissue, 14 studies 
used formalin-fixed paraffin-embedded tissue, one study used bouin- 
fixed paraffin embedded tissue, while three studies did not specify 
method of tissue fixation. Eight studies included an untreated patient 

population, one study treated patients, and three studies included both 
treated and untreated patients. Six studies did not specify if patients 
were treated. Nine studies originated from Europe, six studies from Asia, 
two from the Americas, and one from Oceania. 

3.2. ISH analysis 

3.2.1. CEP17 polysomy by ISH 
Six studies were included in the random effects model. The model 

predicted a prevalence of CEP17 polysomy detected by ISH in ESCC 
patients to be 18 % (95 % CI: 9.3%–27%) as shown in Fig. 2. The het-
erogeneity between studies was significant, p < 0.01, and substantial, 
I2 = 76 % (95 % CI: 46 %–89 %). 

3.2.2. Gene amplification by ISH 
Six studies were included in the random effects model. The model 

predicted a prevalence of HER2 gene amplification assessed by ISH to be 
10 % (95 % CI 6.9 %–15 %) as shown in Fig. 3. The heterogeneity be-
tween studies was trending towards significance, p = 0.051, with 
moderate heterogeneity, I2 = 50 % (95 % CI: 0 %–78 %). 

3.2.3. Subgroup analysis of gene amplification rate by ISH 
Subgroup analysis of ISH probe type revealed non-statistical signif-

icance p = 0.095 between studies. Estimated prevalence of HER2 gene 
amplification was 15.9 % (95 % CI: 9.6 %–26 %) in three studies using 
PharmDx Dako, 8.0 % (95 % CI 5.2 %–12.4 %) in four studies using 
PathVysion, and 7.5 % (95 % CI: 2.4 %–23 %) in a single study using 
Qbiogene (Fig. 4). There was no significant difference in prevalence 
between geographic regions (p = 0.4) or between studies examining 
only ESCC or both ESCC and EAC (p = 0.24) (figures in supplemental 
S4). By meta-regression, year of publication was found not to be sig-
nificant predictor for HER2 gene amplification, p = 0.19. 

3.2.4. Gene amplification by ISH compared to protein expression by IHC 
Random effect model predicted gene amplification in 4.1 % (95 % CI 

2.1 %–7.8 %) of IHC0 patients, in 4.4 % (95 % CI 2.3 %–8.5 %) of IHC1+
patients, in 31 % (95 % CI 17 %–56 %) of IHC2+ patients, and in 79 % 
(95 % CI 55 %–100 %) of IHC3+ patients (Fig. 5). Nine studies were 
included in the model except for IHC3+ in which seven studies were 
included. There was no significant heterogeneity between any of the 
four random effect models. 

3.3. IHC analysis 

3.3.1. Prevalence of protein expression by IHC 
The random effects model estimated prevalence of 68 % (95 % CI 55 

%–84 %) for IHC0 in ten studies, 13 % (95 % CI: 6.7 %–25 %) for IHC1+
in ten studies, 10 % (95 % CI: 6.0 %–17 %) for IHC2+ in twelve studies, 
and 5.5 % (95 % CI: 3.5 %–8.7 %) IHC3+ in fifteen studies as shown in 
Fig. 6. There was generally substantial but not statistically significant 

Fig. 3. Forest plot of prevalence of HER2 gene amplification assessed by ISH.  
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heterogeneity in the four random effect models. 

3.3.2. HER2 positivity 
Eighteen studies were included in the analysis. The random effects 

model showed substantial and statistically significant heterogeneity 
between studies, I2 = 84 (95 % CI: 75 %–89 %). Overall rate of HER2 
positivity was found to be 8.6 % (95 % CI: 5.5 %–13 %) as depicted in 
Fig. 7. Comparing prevalence of HER2 positivity in studies where 

Table 1 
Studies included in the meta-analysis.  

First Author Published, 
Year 

Number of patients included in 
HER2 positivity analysis 

IHC2+ analyzed 
by ISH 

HER2 positive in analysis 
(IHC2+ and ISH + or IHC3+) 

ISH probe IHC probe 

Akamatutsu Akamatsu et al., 
2003 

2003 34 Yes 56 % – DAKO 
HercepTest 

Gibault Gibault et al., 2005 2005 107 Yes 3% – DAKO 
HercepTest 

Sunpaweravong  
Sunpaweravong et al., 2005 

2005 55 No 3% PathVysion DAKO 
HercepTest 

Mimura Mimura et al., 2005 2005 66 No – Estimated 7% PathVysion DAKO 
HercepTest 

Bizari Bizari et al., 2006 2006 40 Yes 13 % Qbiogene DAKO 
HercepTest 

Dreilich Dreilich et al., 2006 2006 70 Yes 13 % HER2 – 
Zymed 

DAKO 
HercepTest 

Reichelt Reichelt et al., 2007 2007 146 No – Estimated 4% PathVysion DAKO 
HercepTest 

Wei Wei et al., 2007 2007 39 No -Estimated 4% – DAKO 
HercepTest 

Sato-Kuwabara  
Sato-Kuwabara et al., 2009 

2009 185 No – Estimated 16 % PharmDx 
Dako 

DAKO 
HercepTest 

Delektorskaya Delektorskaya 
et al., 2010 

2010 31 No - Estimated 28 % PharmDx 
Dako 

DAKO 
HercepTest 

Schoppmann Schoppmann 
et al., 2011 

2010 152 Yes 4% ROCHE PATHWAY - 
ROCHE 

Schoppmann Schoppmann 
et al., 2010 

2011 79 Yes 1% INFORM PATHWAY - 
ROCHE 

Birner Birner et al., 2011 2011 148 Yes 4% ROCHE PATHWAY – 
ROCHE 

Zhan Zhan et al., 2012 2012 145 No - Estimated 20 % PharmDx 
Dako 

DAKO 
HercepTest 

König AM, K. et al., 2013 2013 68 Yes 7% PathVysion DAKO 
HercepTest 

Fichter Fichter et al., 2014 2014 49 Yes 2% – DAKO 
HercepTest 

Nagaraja Nagaraja et al., 2016 2015 27 Yes 4% Ventana 
INFORM 

Ventana 
Catalog 

Kermani Kermani et al., 2016 2016 64 Yes 19 % – DAKO 
HercepTest  

Fig. 1. Flowchart of article selection.  
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Fig. 2. Forest plot of ISH CEP17 polysomy.  

Fig. 4. Forest plot of subgroup analysis of ISH probe used to detect HER2 amplification.  

Fig. 5. Forest plots of gene amplification prevalence in subgroups with varying protein expression assessed by IHC.  
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IHC2+/ISH + rate was estimated (n = 7) to studies in which IHC2+/ 
ISH + rates were reported in the studies (n = 11) showed similar prev-
alence estimates of 10 % (95 % CI: 6 %–18 %) and 7% (95 % CI: 4 %–16 
%) respectively. (Supplemental S5) 

3.3.3. Subgroup analysis 
Subgroup analysis showed a significant difference in the prevalence 

of HER2 positivity between studies evaluating ESCC only or both ESCC 
and EAC, p < 0.0001. In studies evaluating ESCC only, the estimated 
frequency of HER2 positivity was 14 % (95 % CI: 8.5 %–22 %) compared 
to 4.9 % (95 % CI: 3.0 %–8.0 %) in studies examining both ESCC and 
EAC as seen in Fig. 8. There was a significant difference in the frequency 

of HER2 positivity comparing subgroups using various IHC assays 
p = 0.0077. The percentages of HER2 positivity were 11 % (7.0 %–17 
%) in fourteen studies applying the DAKO HercepTest, 3.7 % (95 % CI: 
2.1 %–6.3 %) in three studies using Pathway Roche, and 3.7 % (95 % CI: 
0.52 %–26 %) in the single study using Ventana Oncology. There were 
no significant differences (p = 0.10) between studies including treated 
or untreated patient populations, or between studies using various 
numbers of reading pathologist (p = 0.84). Significant differences were 
recorded between studies conducted in different geographic regions, 
p = 0.026 (Fig. 7). In two American studies, a prevalence rate of 15 % 
(95 % CI: 11 %–21 %) was reached, in six Asian studies, a rate of 14 % 
(95 % CI: 6.7 %–29 %), and in nine studies from Europe, a rate of 5.6 % 

Fig. 6. Forest plots of the prevalence of HER2 protein expression assessed by IHC.  

Fig. 7. Forest plot of HER2 positivity in esophageal squamous cell cancer patients.  
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(95 % CI: 3.0 %–11 %), in a single study from Oceania, n = 1, a rate of 
3.7 % (95 % CI: 0.52 %–26 %). 

4. Discussion 

This meta-analysis reports a prevalence of HER2 positivity of 8.6 % 
(5.5 %–13 %) in ESCC patients using IHC as the primary screening 
method according to the Ruschoff/Hofmann HER2 scoring system 
classifying tumors with IHC3+ or IHC2+ and ISH amplification as HER2 
positive as shown in Tables 2 and 3. Prevalence of HER2 amplification 

assessed by ISH was found to be 10 % (95 % CI 6.9 %–15 %). Of note, 95 
% CIs for both estimates are overlapping indicating that the prevalence 
of HER2 positivity is of quite similar magnitude using the two different 
methodologies. 

A meta-analysis published in 2014 evaluating the HER2 status in 
Barret’s Esophagus and esophageal cancer reported higher prevalence of 
HER2 positivity in ESCC cancer (Gowryshankar et al., 2014). Rates of 

Fig. 8. Forest plot of HER2 positivity in selected subgroups.  

Table 2 
Summary of primary endpoints of the meta-analysis.  

Outcome Measure Prevalence (95 % CI) 

HER2 ISH Amplification 10 % (6.9 %–15 %) 
HER2 Positivity 8.6 % (5.5 %–13 %)  

Table 3 
Summary of HER2 protein expression assessed by IHC.  

Scores of HER2 
protein expression 

Rate of prevalence 
(95 % CI) 

Percentage of HER2 gene amplification 
by ISH in various IHC scores (95 % CI) 

IHC0 68 % (55− 84) 4.1 % (2.1− 7.8) 
IHC1+ 13 % (6.7− 25) 4.4 % (2.3− 8.5) 
IHC2+ 10 % (6.0− 17) 31 % (17− 56) 
IHC3+ 6% (3.5− 8.7) 79 % (55− 100)  
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HER2 positivity were 32 % (95 % CI: 20 %–48 %) assessed by IHC and 
rates of HER2 amplification assessed by ISH were 16 % (95 % CI 10 %– 
24 %) in patients with ESCC (7). A number of reasons could potentially 
account for these discrepancies. In the previously published 
meta-analysis, the definition of HER2 positivity was not standardized. 
Two early studies included in the meta-analysis were published in 1997 
and 1999 before a commonly accepted definition of HER2 positivity was 
implemented (8,9). All borderline HER2 positive tumors with IHC2+
were regarded as HER2 positive without confirmation by ISH, which 
would result in a higher prevalence compared to our meta-analysis using 
the Ruschoff/Hofmann HER2 scoring system. Furthermore, a number of 
studies only reported pooled prevalence of IHC1+, 2+ and 3+ (10) or 
did not differentiate between ESCC and EAC (911). These studies were 
disregarded in the present meta-analysis according to predefined eligi-
bility criteria. Gowryshankar et al. included three studies reporting data 
on gene amplification by ISH in contrast to eight studies identified in our 
meta-analysis. Finally, in total, eleven additional studies with 803 pa-
tients have been included in our meta-analysis providing increased ac-
curacy of the estimated rate of HER2 positivity. 

Our subgroup analysis showed significant differences between 
groups based on IHC assay used, the geographic region in which the 
studies were conducted and if the study examined only ESCC or both 
ESCC and EAC. It is unclear if studies only examining ESCC tissue 
overreport protein expression or whether studies examining both EAC 
and ESCC tissue underreport prevalence. There was generally less het-
erogeneity between studies using ISH as compared to IHC assessment. 
This observation calls for considering the development of guidelines for 
scoring IHC in ESCC taking into account the differential staining pat-
terns in EAC and ESCC as done previously when HER2 testing was 
adapted for use in EAC based on experiences in breast cancer (Bartley 
et al., 2017). Such scoring system should take HER2 heterogeneity into 
account e.g. by a tumor heterogeneity index for HER2, ensure concor-
dance with gene amplification as assessed by ISH methods, as well as 
ensure reproducibility among pathologists by monitoring interobserver 
variability. 

Prevalence of CEP17 polysomy seems to vary between ESCC and 
EAC. In our meta-analysis data showed a prevalence of CEP17 polysomy 
of 18 % among ESCC patients compared 4.1 % of adenocarcinomas in 
the ToGA trial (4). Currently the role of CEP17 polysomy in ESCC pa-
tients seems unknown. The presence of CEP17 does seem to imply 
increased copy numbers of the HER2 gene and therefore possibly HER2 
overexpression. However, in breast cancer in which this phenomenon 
has been studied more extensively compared to gastroesophageal can-
cers, CEP-17 polysomy does not seem to translate to increased HER2 
mRNA or overexpression, except in cases with >10 CEP-17 copy 
numbers per tumor cell (1213). 

As expected, the rate of HER2 gene amplification by ISH increased 
with higher protein expression by IHC. Interestingly, a small but sig-
nificant percentage of IHC0 (4.1 %) and IHC1+ (4.4 %) tumors were 
HER2 gene amplified. In practice, this has the implication that the 
traditional strategy of examining IHC on all patients and only perform 
reflex ISH on IHC2+ patients would falsely classify some patients as 
HER2 negative, corroborated by a higher estimated prevalence of 10 % 
by ISH compared to 8.6 % by IHC. Limitations of our meta-analysis 
include that articles were only screened for eligibility by KE which 
may lead to selection bias. Although we consider that this risk of bias is 
small as inclusion and exclusion criteria were clear and unambiguous. 
Our subgroup analysis could be confounded as the investigated factors: 
geographical region, assay used and whether studies examined only 
ESCC or ESCC and EAC tissue might also be interconnected. Further, ISH 
status was not available for 7 studies. In these studies, the gene ampli-
fication frequency was estimated to be 31 % for IHC2+ patients based on 
our results in Fig. 5. This method has a risk or introducing bias, but the 
purpose of conducting the meta-analysis was to explore the potential 
role of adding HER2 directed therapy, which is recommended in EAC for 
tumors with IHC2+/ISH or IHC3+ according to the ToGA criteria. 

Supporting that no major bias was introduced, analysis showed no sig-
nificant difference in HER2 prevalence in the estimated and reported 
group. Extrapolating form clinical studies in breast cancer, colon cancer, 
salivary gland cancer and the ToGA trial in EAC, HER2 positivity would 
imply clinical benefit of HER2 targeted therapy in ESCC (Bang et al., 
2010; Lisbet Nielsen et al., 2008; Kurzrock et al., 2020; Sartore-Bianchi 
et al., 2016). This notion is supported by pre-clinical data demonstrating 
that the efficacy of antibody-dependent cellular cytotoxicity induced by 
trastuzumab is correlated to HER2 protein expression in ten different 
ESCC cell lines (14). Furthermore, studies in a HER2 positive patient 
derived ESCC xenograft model demonstrated trastuzumab-induced 
tumor regressions in the absence of downstream oncogene activation 
by PIK3CA mutation (Wu et al., 2012). Comprehensive genomic ana-
lyses in large ESCC data sets suggest that downstream oncogene acti-
vation is relatively rare with detected mutations in KRAS and PIK3CA in 
0.5 % (Shigaki et al., 2013) and 10 % (Du et al., 2017) of tumors indi-
cating potential clinical antitumor effect of HER2 blockage. However, 
clinical data evaluating HER2 directed therapy in HER2 positive ESCC is 
lacking. 

In conclusion, HER2 gene amplification were recorded in 10 % (95 % 
CI: 6.9 %–15 %) of ESCC patients detected by ISH and HER2 positivity in 
8.6 % (95 % CI: 5.5 %–13 %) when detected by primary IHC. Substantial 
heterogeneity was noted between published data, which could be 
explained by differences in the performance of assays used and varia-
tions in the scoring of HER2 staining by IHC. We propose the estab-
lishment of a HER2 scoring method for ESCC similar to the work 
performed by Ruschoff/Hofmann in esophageal and gastric adenocar-
cinoma (Hofmann et al., 2008). 

Available targeted therapies are lagging behind in ESCC. The pre-
sented data offer a rationale for the initiation of clinical trials of targeted 
therapy against HER2 mediated tumor growth in ESCC. Although lower 
than in EAC, HER2 positivity rate seems prevalent enough to justify 
screening for HER2 status in order to identify patients suitable for in-
clusion in clinical trials. 
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