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Abstract

:

Human epidermal growth factor receptor-2 (HER2)-expression gastro-oesophageal adenocarcinomas (GEA) gained interest as an important target for therapy with trastuzumab. In the current review, we focused the current knowledge on HER2 status in dysplastic and neoplastic gastric conditions, analyzing the methodological procedures to identify HER2 expression/amplification, as well as the proposed scoring recommendations. One of the most relevant questions to evaluate the useful impact of HER2 status on therapeutic choice in GEAs is represented by the significant heterogeneity of HER2 protein and gene expression that may affect the targeted treatment selection. Future development of biotechnology will continue to evolve in order to offer more powerful detection systems for the assessment of HER2 status. Finally, liquid biopsy as well as mutation/amplification of several additional genes may furnish an early detection of secondary HER2 resistance mechanisms in GEAs with a better monitoring of the treatment response.
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1. Introduction


Gastro-oesophageal adenocarcinoma (GEA) represents one of the most aggressive cancers worldwide, in the contest of oesophageal and gastric adenocarcinomas [1]. In the last few decades, oesophageal adenocarcinoma (EA) incidence significantly increased in Western countries, particularly in Caucasian males [2]. This phenomenon seems to be due to an increased occurrence of gastroesophageal reflux disease, complicated by Barrett’s esophagus. Gastric cancer (GC) represents the second cause of neoplastic related mortality, as a result of a combination of environmental factors and numerous genetic alterations [3,4,5,6].



Despite some advances in multidisciplinary management, the overall prognosis for patients with GEA remains poor in both sexes, with a worldwide 5-year survival rate lower than 30% for GC and 19% for EA [7]. In recent years, many scientists have performed intensive molecular biology studies to define a genomic classification of GEA [8], leading to a significantly better understanding of new targeted agents acting against specific molecular pathways [8].



The most important molecular innovation comes from a previous randomized phase III trial, also known as trastuzumab for gastric cancer (ToGA) [9]. In this study, a documented predictive progress in terms of overall survival (OS) and median progression-free survival (PFS) has been demonstrated in patients with human epidermal growth factor receptor-2 (HER2) overexpression. These promising results have been achieved by adding trastuzumab to the first-line medical-oncological treatment [9]. Recently, many researchers have investigated the potential prognostic role of HER2 in GEA, even if this topic is still under debate.



Nevertheless, little information is accessible about HER2 function in the GEA carcinogenesis process. However, it is well known that HER2 has been amplified in other several pathological conditions, such as bronchial, breast and cervical dysplasia [10,11,12]. Therefore, we discuss herein the present value of HER2 testing in GE pre-malignant conditions, pre-invasive and invasive GEA, also taking into consideration molecular steps and potential bias.




2. Methodological Procedures to Identify Human Epidermal Growth Factor Receptor-2 (HER2) Expression/Amplification


HER2 represents a trans-membrane receptor tyrosine kinase placed on chromosome 17, included in the epidermal growth factor receptor (EGFR) family [13]. As oncogene, its overexpression or amplification has been observed in different neoplastic conditions, leading to unregulated activation of PI3K/AKT/mTOR and MAPK pathways, thus resulting in uncontrolled cell division, proliferation, differentiation and apoptosis [13]. Amplification/overexpression of HER2 has been reported in over 20% of breast cancers and in 9%–38% of patients with GC; in this latter neoplastic entity, its overexpression differs on the basis of histologic type (intestinal versus diffuse) and differentiation (well moderately versus poorly differentiated) [14,15,16,17,18,19]. Currently, the National Comprehensive Cancer Network (NCCN) recommends considering trastuzumab therapy and HER2 assessment by immunohistochemical procedures (IHC) or in situ hybridization (ISH) for patients with advanced, recurrent or metastatic GEA [20]. However, HER2 status can be performed by testing either biopsy or surgical resection specimens [21]. IHC assesses the expression of lateral/basolateral/complete membranous oncoprotein in neoplastic elements, evaluating intensity and percentage of immunoreactive carcinomatous component with scores ranging from 0 to 3+ (Table 1). Therefore, cases scored with 0 or 1+ are considered negative for HER2 expression, while HER2-positive gastric cancer has been defined as IHC 3+; equivocal cases with a score of 2+ should be tested by ISH [20,21,22]. In daily routine practice, a variety of HER2 antibodies are applied, such as HercepTest (Dako, Carpenteria, USA), A0485 (Dako, Carpenteria, USA), 4B5 (Ventana/Roche Tissue Diagnostics, Tucson, USA), CB11 (Novocastra, Newcastle, UK) and SP3 (Thermo Fisher Scientific, Runcorn, UK), as an initial HER2 test. Some studies have shown a considerable variability among different clones of antibodies used to define HER2 expression in GEA [23,24]. In particular, by IHC, it has been reported that the percentage of HER2 overexpression was dissimilar using different antibodies, showing in the antibody A0485 the highest positive rate [25]. Additionally, the same group has revealed that CB11 had the lower sensitivity, but the highest specificity [25]. Moreover, different papers have described that 4B5 and SP3 antibodies had comparable excellent performances, with high negative predictive value (NPV) and higher accuracy compared to the HercepTest, thus suggesting 4B5 and SP3 antibodies are more suitable for first-line tests than the HercepTest in GEA [25]. The ISH methodology includes fluorescence in situ hybridization (FISH), chromogenic in situ hybridization (CISH), silver-enhanced in situ hybridization (SISH) and dual in situ hybridization (DISH); in any case, this procedure plays an important role to detect the presence of gene amplification [26,27,28]. In detail, many different methods use a single HER2 probe to establish the number of HER2 gene copies, but the most powerful recommendation is to use a dual-probe technique, which allows the determination of the HER2 signals ratio to copies of chromosome 17 and HER2 gene copy number [29]. According to the American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP) 2013 guidelines, evaluation of HER2 gene amplification by FISH in GEA is comparable to that applied in breast cancer, in which HER2 amplification has been identified as HER2:CEP17 ratio of ≥2 [30]. Studies about concordance between FISH, CISH and SISH have shown excellent rates of 91%–100%, demonstrating all ISH methodologies as suitable for HER2 amplification testing [30]. More recently, bright field ISH techniques (CISH and SISH) have emerged as preferred assays, since they allow the histopathological assessment (i.e., selecting areas with an intestinal component in GEA), also in archived and indefinitely retrieved specimens, similarly to DISH [30]. Finally, additional studies have compared the performance of DISH relative to FISH and a high degree of concordance between these methods has been achieved [31,32,33]; significantly, none of the cases failed DISH analysis [33].




3. HER2 in Gastro-Oesophageal Dysplastic Conditions


It is well known that in the stomach, atrophic gastritis and intestinal metaplasia represent high-risk conditions for gastric cancer development, by the steps of dysplasia and intestinal type gastric adenocarcinoma [34]. Therefore, chronic atrophic gastritis should be diagnosed and graded by pathologists on the basis of the presence of inflammatory elements as well as the decrease of glandular components [35,36]. Currently, the formats for histology reporting called OLGA (operative link for gastritis assessment) and OLGIM (operative link on gastric intestinal metaplasia) systems have been introduced for the staging of gastritis [34,35,36,37]. Additionally, intestinal metaplasia may be reported as “complete” or “incomplete” [38,39,40]. Complete intestinal metaplasia (type I) resembles large bowel morphology composed of the normal small intestinal epithelium with goblet cells and absorptive enterocytes, low immuno expression of typical gastric mucins (such as MUC1, MUC5AC, and MUC6), and MUC2 (intestinal mucin). Conversely, incomplete intestinal metaplasia (type II and type III) is characterized by goblet cells and tortuous/branched crypts with tall columnar elements, in which co-expression of the aforementioned gastric and intestinal mucins has been revealed [38,39,40].



Gastric dysplasia (GD) represents the penultimate step of gastric carcinogenesis, being described as the presence of a histologically unequivocal neoplastic epithelium, without evidence of tissue invasion [41,42]. GD is defined by cellular atypia due to an irregular glandular pattern [41,42]. Nevertheless, some discrepancies between Japanese and European/North American pathologists are emerged in order to categorize GD; in detail, GD has been alternatively called “non-invasive intramucosal carcinoma” or “intraepithelial neoplasia” (IEN) [41,42]. Consequently, to solve this formal linguistic distinction, after the Padova and Vienna international consensus, the World Health Organization (WHO) classification has been proposed (Table 2) [41].



EA is a malignant epithelial carcinoma with glandular differentiation, which develops in the background of Barrett’s esophagus (BE) [43]. It is fundamentally identified as columnar metaplasia which substitutes the stratified squamous epithelium of the distal esophagus [43]. Pathologists play an important role in surveillance of BE patients to identify precursor/dysplastic lesions by morphological assessment as well as discovering patients at high risk [44,45]. In detail, surface maturation, glandular design, cytologic atypia and presence of inflammation and erosions should be clearly identified as relevant morphological characteristics [44,45,46]. Moreover, dysplasia in BE has been categorized into 4 groups on the basis of international consensus [46], similar to the aforementioned WHO classification of gastric dysplasia/intraepithelial neoplasia (Table 3).



Some studies have previously investigated the potential occurrence of HER2 amplification in GE precancerous conditions [47,48,49,50,51,52,53,54]. The first analysis performed in a series of surgical and bioptic gastric samples documented HER2 immunostaining (2+/3+ score) in 12.6% of high-grade (HG)-IEN, while normal gastric mucosa did not stain [50]. It has been demonstrated that HER2 status is conflicting in a paired analysis between dysplasia and invasive GC [50]. Furthermore, HER2 overexpression has been also encountered in low-grade (LG)-IEN, although with significantly lower frequency (4–8%) compared to HG-IEN (16%–20%) [51,52].



A pivotal role for HER2 signaling activation has been shown in EA carcinogenesis and disease progression [55,56,57,58,59]. Interestingly, HER2 overexpression appears to be more common in EA BE-associated than in EA without BE [60]. These data have been confirmed elsewhere, with a higher HER2 immunoexpression rate in esophageal HGD patients (3%–5%), significantly associated to invasive neoplastic component [54]. On the whole, the aforementioned data suggest an early HER2 dysregulation in the oncogenetic progression, both in the stomach and esophagus. Nevertheless, molecular machineries leading to HER2 protein up-regulation remain unclear.



About HER2 protein regulation, specific miRNAs, such as miR-125a-5p, miR-125b, miR-205, miR-331-3p and miR-146a have been proposed to straightly affect HER2 expression [61,62,63,64]. In addition, HER2 transcript suppression may represent the result of miR-125a-5p and/or miR-125b expressed in HER2-positive breast cancer cell lines infected with retroviral constructs [61,62,63]. Moreover, in vitro GC cell lines, a combined treatment with pre–miR-125a-5p and trastuzumab has been demonstrated useful to inhibit cell proliferation and survival [63]. In vivo, patients with GC exhibited an inverse correlation between miR-125a-5p and HER2 status in relation to disease mortality [63]. However, a consistent mutual exclusion of miR-125/ HER2 has been shown in the journey from intestinal metaplasia to LG/HGIEN and adenocarcinoma, suggesting the hypothesis of a progressive dysregulation of the miR125/HER2 loop [63].




4. HER2 in Gastro-Oesophageal Malignant Lesions


According to current literature, the frequency of HER2 overexpression/amplification in EA and GC tends to be different, ranging from 7% to 42% [64,65,66,67]. A slight greater HER2 positivity incidence has been reported in EA (24%–35%), more frequently in the subgroup of intestinal-type, in comparison to GC (9.5%–21%) [68,69,70]. It is well known that the rate of HER2 overexpression is strictly related to GC histotype, showing higher frequency in the intestinal histotype (81.6%–91%) in comparison to the diffuse or mixed one (4%–7.9%) [71,72,73,74,75,76,77,78,79]. However, it has been reported an heterogenous pattern of HER2 immunoreactivity in intestinal GEA, exhibiting a combination of HER2-positive and HER2-negative regions [80,81,82,83,84].



The intratumoral heterogeneity of HER2 immunoexpression is particularly significant in GEA, ranging from 4.8% to 50% of cases [85], by contrast with breast carcinomas. Moreover, discordant scores between biopsy and resection specimens may be also attributed to intratumoral heterogeneity of HER2 expression, leading to false-negative results and probable undertreatment [85,86,87,88,89,90]. Additionally, a different HER2 expression between primary cancer and corresponding metastases has also been reported (mean rate 7%), probably related to a clonal selection throughout tumor progression or, alternatively, to intra-tumor HER2 heterogeneity [91,92,93,94,95,96,97,98,99]. This information emphasizes the problem of potential limitations in GEA HER2 analysis on a single specimen (Figure 1A,B), that may not fully be adequate to represent the whole tumor molecular profile [92]. Moreover, during neoplastic progression or therapy, HER2 status could change, making re-evaluation of HER2 status by repeated tissue biopsies really difficult. Therefore, alternative non-invasive approaches have been proposed to monitor the therapeutic efficacy in GEA [99]. Among them, the circulating tumor DNA (ctDNA) has been largely utilized to reveal genetic or epigenetic neoplastic information in clinical practice [99,100]. In particular, ctDNA may be largely used to identify gene mutations as well as variations in gene copy number in the era of next-generation sequencing (NGS) [99]. Consequently, it has been suggested that HER2 amplification could be determined respectively either from ctDNAs or from tumor tissues in GEA patients, by NGS and IHC/DISH [99].



In GEA HER2 status ctDNA testing, also known as ‘liquid biopsy’, may be evaluated by circulating tumor cells (CTCs) and at least one CTC (CTC ≥1) has been detected in 73.5% of GEA samples [101,102,103,104,105,106,107,108]. Consequently, it may be hypothesized that primary HER2-negative tumors may acquire HER2 gene amplification in their CTCs during cancer progression [108]. In our opinion, to improve personalized management strategies in GC, HER2 status of CTCs might be assessed.



It is well known that some patients with HER2-positive GEA, treated with trastuzumab, develop resistance, even if the precise mechanisms are still unexplained [109]. It has been reported that matching pre-treatment and post-progression samples from patients receiving chemotherapy and trastuzumab for advanced HER2-positive GEA, HER2 loss has been encountered in 32% of cases due to a mechanism of resistance [110,111]. Loss of HER2 overexpression might partially explain the failure of second-line anti-HER2 treatment strategies in initially HER2-positive tumors. A continuation of trastuzumab therapy beyond the first progression has been associated with significantly longer median PFS and OS compared with discontinuation, showing clinical benefits in multivariate analysis [112].



Remarkably, the association of different molecular changes has been shown to determine resistance to HER2-targeted treatment in vitro, which can be invalidated by a mutual blockade of HER2 with minor driver mutations [113,114]. In this way, the loss of PTEN expression and a low HER2 amplification rate have been associated with primary resistance to trastuzumab-targeted therapy and poor prognosis in HER2-positive GC [115].



Recently, using NGS and whole-exon sequencing techniques, many studies have reported an increased interest in the genomic heterogeneity between primary tumors and metastatic samples in GEA [91,92,93,94,95,96,97,98]. By the aforementioned assays, the detection of numerous gene mutations in known cancer-related genes in GC, such as TP53, PTEN, ARID1A, APC, CTNNB1, CDH1, PI3KCA and KMT2C, has been performed [116]. In detail, Pectasides et al. have also tried to sequence paired GEA primary and metastatic samples to describe a significant discordance level in genomic alterations, such as HER2, KRAS, CDK4/6 and EGFR [117].



In EA some mutated genes, such as TP53 (72%), ELMO1 (25%), DOCK2 (12%), CDKN2A (12%), ARID1A (9%), SMAD4 (8%) and PIK3CA (6%), have been identified [102], although no molecular biomarker has been supported in oncological trials. Furthermore, the amplification of KRAS (21%), HER2 (19%), EGFR (16%), CND1 (10%) and MET (6%) as well as the loss of SMAD4 (34%), CDKN2A (32%) and ARID1A (10%) have been recorded [118,119].




5. Conclusions


We fully agree with the clinical impact of HER2 status on therapeutic decision-making in GEAs, even if the significant heterogeneity of HER2 protein and gene expression in GEAs may affect the targeted treatment selection. We can hypothesize that future approaches will determine more accurate methods for HER2 status assessment, making the oncological management of patients more successful. Moreover, data coming from the liquid biopsy as well as mutation/amplification of several genes may help to provide early detection of secondary-resistance mechanisms in GEAs and not only to monitor the treatment response.
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Figure 1. In intestinal-type primary gastric cancer (GC), the heterogeneous 3+ score was present in neoplastic glands either in bioptic ((A), 200×) or in surgical specimens, showing immunoreactive elements in direct contact with negative ones ((B), 240×) (immunohistochemistry, Mayer’s hemalum counterstain). 
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Table 1. Proposed recommendations for immunohistochemical procedures (IHC) human epidermal growth factor receptor-2 (HER2) testing (modified by College of American Pathologists (CAP), American Society for Clinical Pathology (ASCP) and American Society of Clinical Oncology (ASCO) guidelines on HER2 Testing).
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	HER2 Score
	HER2 IHC in Surgical Specimens
	HER2 IHC in Biopsy Specimens
	HER2 Assessment





	0
	No membranous reactivity in <10% of neoplastic elements
	No membranous reactivity in any cancer cell
	Negative



	1+
	Faint or barely membranous immunoreactivity in ≥10% of neoplastic elements
	Neoplastic cluster (≥5 neoplastic cells) characterized by a faint or barely membranous immunoreactivity, irrespective of percentage of stained cells
	Negative



	2+
	Weak to moderate complete, basolateral or lateral membranous immunoreactivity in ≥10% of neoplastic elements
	Neoplastic cluster (≥5 neoplastic elements) characterized by a weak to moderate complete, basolateral or lateral membranous immunoreactivity, irrespective of percentage of stained cells
	Equivocal



	3+
	Strong complete, basolateral or lateral membranous immunoreactivity in ≥10% of neoplastic elements
	Neoplastic cluster (≥5 neoplastic elements) characterized by a strong complete, basolateral or lateral membranous immunoreactivity, irrespective of percentage of stained cells
	Positive
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Table 2. The World Health Organization (WHO) classification of gastric dysplasia/intraepithelial neoplasia (modified by WHO Classification of Tumors: Digestive System Tumors, 5th edition, Lyon: International Agency for Research on Cancer, 2019).
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	Negative for Intraepithelial Neoplasia/Dysplasia





	Indefinite for intraepithelial neoplasia/dysplasia

(Reactive/regenerative aspect of chronic atrophic gastritis and intestinal metaplasia)



	Low-grade intraepithelial neoplasia/dysplasia/LG-IEN

(Minimal architectural disarray and only mild-to-moderate cytological atypia)



	High-grade intraepithelial neoplasia/dysplasia/HG-IEN

(Prominent architectural disarray, mitoses, high nucleus/cytoplasm ratio and nucleoli)



	Intramucosal invasive neoplasia/intramucosal carcinoma

(Marked glandular crowding, excessive branching and fused/cribriform glands).
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Table 3. Morphological criteria for dysplasia assessment in BE (modified by WHO Classification of Tumors: Digestive System Tumors, 5th edition, Lyon: International Agency for Research on Cancer, 2019).






Table 3. Morphological criteria for dysplasia assessment in BE (modified by WHO Classification of Tumors: Digestive System Tumors, 5th edition, Lyon: International Agency for Research on Cancer, 2019).





	Negative for dysplasia

Preserved surface maturation, lack stratification and cytologic atypia is incomplete to the basal part of glands.



	Indefinite for dysplasia (ID)

Modifications in deeper glands indicative but not diagnostic dysplasia with surface maturation and occasional cytologic atypia.



	Low-grade dysplasia (LGD)

Loss of surface maturation and architectural alteration with glandular crowding and mild cytologic atypia.



	High-grade dysplasia (HGD)

Loss of surface maturation and glandular crowding with hyperchromatic nuclei, mitoses and marked cytologic atypia.
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