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    Frontiers in Anti-cancer Drug Discovery covers important advances in the field of drug development with particular focus on research on drugs in advanced stages of development, clinical trials and applications. This Volume published under the editorship of Prof. Atta-ur-Rahman aims at providing readers with an update on contemporary research. The research articles are comprehensive and have been written by an impressive group of authors, most of whom are well known for their own contributions in the field of drug research.




    This eBook should be of significant interest to Ph.D. students and established researchers. I commend the editor, Prof. Atta-ur-Rahman, and all the contributors for this well written volume which highlights the quest for a cure for cancer.
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    Cancer remains second leading cause of death, after cardiovascular diseases. Efforts to understand cancer at the molecular level have led to the emergence of many new disciplines at the interface of chemistry and biology. The discovery of new molecular targets and new molecular entities which can modulate the molecular functions, combined with the advent of enabling technologies for early diagnosis and disease progression, as well as better drug delivery vehicles, create a new hope for the treatment of most cancers, if not all, in the near future. The eBook entitled “Frontiers in Anti-Cancer Drug Discovery”, is an excellent show case of the various approaches the researchers are undertaking to address the issue of cancer prevention and treatment. All chapters, with the exception of chapters 2 and 3, address a distinct issue and provide research based solutions.




    Chapter 1 contributed by Michael Luis and Ramon Andrade de Mello, reviews the importance of human epidermal growth factor receptor 2 (HER2) as a potential target for the treatment of the second most common cancer type, gastric cancer. The authors support their hypothesis of HER2 as an important target for drug discovery and development by numerous studies, conducted in recent past. HER2 and its role in gastric cancer progression and development of resistance against cancer chemotherapies are presented in a reader friendly manner.




    Chapter 2 and 3 contributed by Mohammad F. Ullah et al., and Priya Batra et al., respectively, highlight the importance of natural products in cancer chemoprevention and treatment. Chapter 2 provides an excellent overview of scientific and clinical studies conducted on cancer’s preventive role of dietary phenolics. They have mentioned the examples of various well known plant phenolic constituents, obtained from fruits and dietary herbs, and describe their chemopreventive role by modulating the essential cellular pathways involved in cancer proliferation and metastasis. In chapter 3, the authors have also focused on a class of plant phenolics, flavonoids of dietary origin and reviewed their possible action in the prevention and treatment of various cancers. Interactions of plantbased flavonoids with proteins and other dietary components are also reviewed.




    Chapter 4 contributed by Milos Dokmanovic et al., focuses on an emerging class of therapeutics, anti-body drug conjugates (ADC). The authors have taken a holistic view of the topic by describing the history, current status of development and future prospects. These recent developments have made it possible to use ADC as serious candidates for cancer treatment. The results of recent clinical trials and synthetic strategies to develop novel ADCs have also been nicely described in this chapter.




    Mireia Agirre et al., in chapter 5 address the potential and prospects of virotherapy against cancer. This new approach, though it has suffered from a lot of technical hurdles, now appears to be practical and promising. Specially interesting is the fact that synthetic viruses have the capacity to manipulate aderoviruses to target cancer cells. This makes the field scientifically exciting and therapeutically promising.




    Chapter 6 by Rohit Mathur et al., identifies peptidyl-prolyl isomerase PIN1 as a novel target for cancer treatment. PIN1 up-regulation in tumor cell and its role in protein post phosphorylation events makes it an attractive target for drug discovery. PIN1 inhibitors as anti-cancer agents and as adjuvants deserve special attention.




    Sean M. Lawless et al., review the details of molecular cascade involved in the glioblastoma invasion in chapter 7. Glioblastoma is among the deadliest of human cancers with an amazing tendency to invade other regions of the brain. The authors have reviewed the molecular mechanisms involved in glioblastoma invasion and identified numerous molecular targets for possible drug development.




    Last but not least, chapter 8 contributed by Georgi Ts. Momekov et al., reviews an exciting development in drug delivery. The use of nanopharmaceutical agents holds great promise. Drug delivery vehicles with nanoparticles not only have improved therapeutic indices but also improved stability and solubility and lower toxicity associated with cancer chemotherapy.




    This delightful feast of well written scientific articles on topics of general relevance, makes this ebook a “must to read” for practitioners, scientists, and students. We must thank the contributing authors for making this volume an important treatise of scientific knowledge. We are also profoundly grateful to the editorial staff, particularly Mr. Mahmood Alam (Director Publication) and Ms. Hira Aftab (Assistant Manager) for their hard work and persistent efforts.
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      Abstract




      Gastric cancer is the second leading cause of cancer related-death worldwide. In 2008, it was estimated 990.000 new cases and 738.000 related-deaths. Considering the poor prognosis of advanced gastric cancer, new therapeutic regimens with acceptable toxicity have been pursued. Interesting insights have emerged from the investigation of human epidermal growth factor receptor 2 (HER2) as a potential therapeutic target. HER2 is a transmembrane tyrosine kinase receptor which is activated through dimerization, leading to a cascade of events that involves the activation of molecular pathways concerning regulation of cell proliferation, differentiation and survival, including the MAPK and PI3K pathways. The importance of addressing HER2 as a therapeutic target is underscored by consistent molecular and pathological findings: upregulated HER2/neu relates to carcinogenesis and is found in both primary tumours and metastasis. HER2 over-expression has been reported in breast, stomach, lung, salivary gland, ovary, colon, prostate and pancreatic cancers. In the particular case of breast cancer, recognition of the molecular signature of HER2 over-expression is widely used to tailor therapeutics involving molecular therapies with antibodies targeting HER2, therefore establishing HER2 status as a prognostic factor and a predictor of response to therapy. However, the correlation between the expression of HER2 and the prognosis of gastric cancer is still controversial. HER2 over-expression is currently estimated to occur in about 7-34% of gastric cancers. In this behalf, it is important to stress the recent development of validated methods in identifying HER2 over-expression in gastric cancer. In this chapter the authors will address the molecular mechanisms of HER2's oncogenicity, the assessment of HER2 over-expression and its clinico-pathological significance, resistance mechanisms and future perspectives emanating from clinical trials in this regard.
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      Epidemiology of Gastric Cancer




      Gastric cancer is the fourth most commonly diagnosed cancer after lung, breast and colorectal cancer and the second leading cause of cancer death worldwide, with an estimated 990,000 new cases and 738,000 cancer deaths in 2008 [1]. Over 70% of new cases and deaths occur in developing countries. Incidence rates show considerable geographic variation, from 3.3 per 100,000 in men and 2.0 in women in Egypt to 65.9 in men and 25.9 in women in Korea. Highest rates are found in Eastern Asia, Eastern Europe, South America and South Africa. Commonly identified risk factors for gastric cancer are male sex, Helicobacter pylori infection, high levels of dietary salt and nitrates, smoking, gastritis and family history [2-6]. Obesity seems to increase the risk through increased gastroesophageal reflux which can lead to Barrett’s esophagus [7]. The large regional variations in incidence possibly reflect different prevalences of Helicobacter pylori infection, which is responsible for more than 60% of gastric cancer globally.




      About 85% of gastric cancers are adenocarcinomas, with 15% comprised of lymphomas, gastrointestinal stromal tumors (GIST) and leyomiosarcomas, this chapter will focus on the first. Gastric adenocarcinomas can be subdivided into diffuse and intestinal types based on the Lauren classification, which constitute pathological entities with distinct epidemiological and prognostic features. In diffuse type gastric adenocarcinoma cell cohesion is absent, they occur throughout the entire stomach and more often in younger patients than in intestinal type adenocarcinoma and carry a poorer prognosis. Intestinal type gastric adenocarcinoma presents cohesive cells arranged in gland like structures; they occur more commonly in the antrum and lesser curvature of the stomach. Different etiologic factors seem to be involved, as incidence of diffuse type is similar in most populations while intestinal type predominates in high risk regions [8-10]. A decrease in gastric cancer incidence in the United States in the last 70 years has been mainly observed for the intestinal type, associated with Helicobacter pylori infection and therefore reflecting improved sanitary conditions and food conservation methods, including refrigeration; on the other hand, the incidence of diffuse type gastric cancer has remained constant over time and seems to be increasing recently, both in Western and Eastern parts of the world [11-13].




      Tumors at the gastroesophageal junction are oftentimes of either gastric or esophageal origin and are therefore referred as gastroesophageal junction (GEJ) cancers. Although the incidence and mortality of gastric cancer are globally decreasing, the incidence of GEJ cancer is increasing in Europe and the United States. This increase is thought to reflect an increase in gastroesophageal reflux disease associated with the increasing prevalence of obesity in these countries. In the last three decades, a tendency towards more proximal located gastric cancer (cardia vs corpus and pylorus) is emerging, probably explained by a parallel increase of Barrett’s esophagus and the decline in Helicobacter pylori infection [14, 15].




      In western countries 50 - 80% of patients present with inoperable advanced or metastatic disease, which in combination with patient co-morbidities, age (the majority of patients is > 65 years old) and the relative chemoresistance of the disease contributes to poor overall survival (OS). Furthermore, two-thirds of patients amenable to curative surgical resection will have recurrence within 2 years [16-18]. Survival rates of patients with resectable disease ranges from 10-30% [19]. In western countries most patients present with inoperable or metastatic advanced disease, contributing to the grim prognosis associated with gastric cancer, with 5-year survival rate for metastatic gastric cancer being estimated at 5-20% and median survival times ranging from 6 to 9 months [3, 20].


    




    

      Treatment of gastric cancer




      Surgery constitutes a fundamental modality in treatment of resectable gastric cancer; however the optimal extent of lymph node dissection is a matter of debate, with different strategies applied in the western and eastern world, particularly Japan [21]. Japanese practice advocates a D2 resection (en-bloc resection of perigastric and celiac axis nodes). Even with radical node dissection, survival remains poor, with 5-year survival rates typically < 50% for stage II disease [22]. In a Dutch trial comparing D1 vs D2 node dissection, 15-year survival was reported to be 33% for stage II and 19% for stage IIIA disease. While D2 dissection was associated with lower recurrence of the disease, higher surgical mortality and complication rate was observed and the authors found no difference in OS. Likewise, D2 resection plus para-aortic nodal dissection seems not to improve OS or relapse-free survival, although a recent systematic review found no increase in post-operative mortality with this technique [23-26].




      Outcomes of operable cancer have improved since the introduction of multimodality therapies [27]. Adjuvant chemoradiation has been shown to improve OS compared to surgery alone [28], but in the ARTIST (Adjuvant Chemoradiation Therapy in Stomach Cancer) trial, which compared adjuvant chemotherapy with adjuvant chemoradiation after D2 resection, the addition of radiotherapy to chemotherapy with capecitabine plus cisplatin did not significantly reduce recurrence after curative resection and D2 lymph node dissection [29].




      Perioperative chemotherapy was investigated by the MAGIC (Medical Research Council Adjuvant Gastric Infusional Chemotherapy) trial, where patients were treated with 3 cycles of 5-fluorouracil plus cisplatin plus epirubicin before and after radical surgery experienced a significant improvement in 5-year OS (23% vs 36.3%), higher likelihood of progression-free survival, higher rate of curative surgery, reduced tumor size and less advanced nodal disease in comparison with the surgery-only group [21, 29].




      Adjuvant oral fluoropyrimidine monotherapy showed promising results, with 3-year OS rates of 80.1% in the chemotherapy group and 70.1% in the surgery-only group [30]. The potential of adjuvant chemotherapy was addressed by a metanalysis with data from 3838 patients, demonstrating a median OS of 7.8 years following adjuvant chemotherapy vs 4.9 years following surgery [31].




      In inoperable cancer, combination chemotherapy improves OS in comparison with single-agent chemotherapy or best supportive care [32]. Objective response rates are estimated as 10 – 30% for single-agent therapy and 30 – 60% for combination regimens [33, 34]. Current management typically consists of fluoropyrimidine-based and platinum-based combinations with or without a third drug (usually docetaxel or epirubicin) [35]. A median OS of 9.2 months was reported by Van Cutsem et al. in a phase III clinical trial with patients receiving a combination therapy of docetaxel plus cisplatin plus fluorouracil [36]. OSs of 10.5 and 10.7 months were reported in phase III trials with capecitabine plus cisplatine and fluorouracil plus leucovirin plus oxiplatin respectively [36-38]. The REAL-2 (Randomized ECF for Advanced and Locally Advanced Esophagogastric Cancer 2) trial assessed four three-drug regimens, demonstrating OS between 9.3 and 11.2 months (with epirubicin plus oxaliplatin plus capecitabine) [39].




      However, taken together, data available have been conflicting when it comes to evaluate the clinical outcome with different treatment strategies, which can explain the lack of global consensus for the choice of chemotherapy regimens [31, 32, 40]. Even if adenocarcinomas of the GEJ have different clinicopathologic features as compared with distal gastric cancers, the chemotherapy approaches remain similar for both entities [15, 41-44]. Considering the poor prognosis of advanced gastric or GEJ cancer, new therapeutic regimens with acceptable toxicity have been actively pursued.


    




    

      Pathology of gastric cancer




      Sporadic intestinal type gastric adenocarcinoma is thought to arise in a multi-step process of intestinal metaplasia – dysplasia – carcinoma, involving mutations or deregulation of genes regulating key events in the cancerization process such as apoptosis, cell cycle regulation, proliferation and metabolism, in a similar fashion of the progression of colonic adenomas to carcinoma. Therefore, accumulation of molecular genetic alterations involving activation of oncogenes and inactivation of tumor suppressor genes are likely involved in the process of cancerization. Other implicated genes include p53, CHD1, SMAD4, FHIT and CDKN2A. On the other hand, no precursor cells have been clearly identified in diffuse type gastric adenocarcinoma, but aberrations in the FGFR2/ErbB3/PI3 kinase pathway are frequent in this kind of neoplasia [21, 45-48]. The HER2 (human epidermal growth factor receptor) oncogenic pathway can be activated in both types of gastric adenocarcinoma, predominantly in the intestinal type. The remainder of this chapter will focus on the potential targeted therapy by addressing the molecular mechanisms associated with HER2 activation.


    




    

      The HER2 receptor




      HER2 is a member of the EGFR (epidermal growth factor receptor) family of growth factors, with intrinsic protein tyrosine kinase activity and its increased activity is an assumed mechanism underlying cell transformation. The HER family includes four structurally related members, HER1 or ErbB1, also known as EGFR, HER2 or ErbB2, HER3 or ErbB3 and HER4 or ErbB4. These receptors are known to be activated by homo- or heterodimerization induced by ligands. However, no ligand has as far been identified for HER2, making it an orphan receptor. The HER2 protein, a 185 kDa protein (p185) encoded by a gene located on chromosome 17q21 is a transmembrane tyrosine kinase receptor with an extracellular ligand-binding domain, a short transmembrane domain and an intracellular domain with kinase activity (see Fig. 1). As aforementioned, the receptor is activated through homodimerization or heterodimerization, leading to a cascade of events that involves autophosphorilation and activation of the tyrosine kinase domain, Ras/Raf/mitogen-activated protein kinase (MAPK) pathway, phospholipase C-γ (PLC γ) and phosphatidylinositol-3-kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR). Furthermore, HER2 receptors have been found in nuclear localization, where they can act as transcription factors for cycline D1 and p53 [49, 50]. For detailed reviews of these pathways, see Yarden et al. [51, 52]. Therefore, HER2 (also known as c-erbB-2/neu) is an oncogene that is involved in the regulation of cell proliferation, differentiation, motility and apoptosis [53-57]. Despite being an orphan receptor it is known that, if overexpressed, the receptor becomes a preferential binding partner for other family members, leading to ligand-independent hetero- and homodimerisation. This ligand-independent dimerization is better understood in the light of crystal structure studies, which show fixed conformations resembling a ligand activated state and interaction with other family members in the absence of any ligand and therefore activating the mentioned oncogenic pathways [21, 58-61]. Heterodimers of HER2 with other members of the HER family, particularly with HER3, are the most mitogenic dimers and HER2 increases the affinity of EGFR, HER3 and HER4 to their own ligands [62-65].
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Fig. (1))




      HER2 signalling pathways. PI3K, Phosphoinositide 3-kinase; BAD, Bcl-2-associated death promoter protein; NF-κB, nuclear factor κB; PLC-γ, Phospholipase C gamma 1; PKC, Protein kinase C; Grb2, Growth factor receptor-bound protein 2; SOS, Son of Sevenless; MEK, mitogen-activated protein kinase kinase 1; MAPK, Mitogen-activated protein kinase.




      Understanding the molecular structure of HER2 has allowed to integrate the mechanisms through which the receptor can be approached as a therapeutic target (see Fig. 2). The extracellular domain can be subdivided into four subdomains. Subdomains II and IV are involved in the process of dimerization, whereas subdomains I and III are the binding sites for pertuzumab and trastuzumab respectively, two of the most well studied HER2 inhibitors. Crystallographic data confirm that most receptors exist in an open configuration, where subdomains I and III associate to leave the dimerization arm protruded outside of subdomains II and IV. This might explain the role of HER2 as a preferred dimerization partner among the HER family. However, interesting data suggests that there is no lack of autoinhibitory interdomain interactions in HER2, as these are maintained and even extended when compared to EGFR. Some authors therefore suggest that HER2 signalling may be regulated by ligands that we do not know yet, just as in EGFR [45, 66]. The transmembrane domain of HER2 plays an important role in the process of dimerization and oncogenic mutations in this region are known. At last, the intracellular domain contains the active enzyme site and activates different downstream pathways by phosphorylation [60, 67-69]. A more detailed description of the general molecular structure of the receptor can be consulted in a review article by Tai et al. [53].
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Fig. (2))




      Extracellular domain of the HER2 receptor [Fig. 2 was prepared using the program RasMol [163, 164], with structural information retrieved from http://oca.weizmann.ac.il/oca-bin/ocashort?id=3MZW and refs. [53] and [158].


    




    

      HER2 in cancer




      The importance of addressing HER2 as a therapeutic target is underscored by a number of molecular and pathological findings. Upregulated HER2 causes carcinogenesis and the level of HER2 gene expression is much higher in cancer cells than that in non-malignant adult cells. HER2 overexpression is found in both primary tumors and metastazised organs [70]. HER2 overexpression has been reported in breast, lung, salivary gland, ovary, colon, prostate and pancreatic cancers [71].




      In breast cancer, 10–34% of invasive breast cancers present HER2 overexpression. Trastuzumab has shown survival advantage in early and metastatic disease and is a part of standard care. HER2 overexpression stands as a poor prognosis marker for chemo- and endocrine therapy but at the same time as a positive predictive marker for treatment with trastuzumab. Furthermore, trastuzumab proved to be effective as adjuvant treatment in breast cancer with HER2 overexpression, with various chemotherapy regimens [72-78]. In the particular case of breast cancer, recognition of the molecular signature of HER2 overexpression / HER2 amplification using immunohistochemistry (IHC) or in situ hybridization (ISH) is widely used to tailor therapeutic regimens involving trastuzumab.


    




    

      HER2 in gastric cancer




      Interesting new insights have recently emerged from the investigation of HER2 as a potential therapeutic target in gastric cancer.




      

        Preclinical Data




        Overexpression of HER2 in gastric cancer cells was first related in 1986 by Sakai et al. [79]. Preclinical models of gastric cancer were successful in proving the inhibitory effect of trastuzumab on human gastric cancer cell lines in vitro and in mice xenografts in vivo, with additive and synergistic antineoplastic effects in combination with chemotherapy [80-84]. A study by Tanner et al. points out a gastric cancer cell line that was as sensitive to trastuzumab as a breast cancer cell line, both of them with amplified HER2 [85].


      




      

        Prognostic Significance




        The most important prognostic factor for gastric cancer is the TNM stage which evaluates depth of invasion, involvement of lymph nodes and distant metastasis [33, 72]. Initial works addressing the prognostic significance of HER2 amplification reported a negative effect on OS and a role as marker of poor short term prognosis began to emerge [27, 86]. However, conflicting results regarding the prognostic value of HER2 have been published in the last twenty years. While some studies found a negative effect of HER2 on prognosis with reduction in OS [72, 85-93], others found no relationship [94-97] and a trend towards improved survival was found in one cohort [98]. A recent systematic analysis by Jørgensen et al. found that the majority of publications (71%) that fulfilled the selection criteria for the analysis, associated HER2-positive status with poor survival and clinicopathological characteristics such as serosal invasion, lymph node metastases, disease stage or distant metastases [99]. Chua and Merrett recently reviewed 49 studies with data regarding the relation of HER2 with clinicopathological variables and survival and concluded that HER2 overexpression is associated with poorer survival; results pertaining other variables were not conclusive [100]. Furthermore, HER2 overexpression has been suggested as a molecular abnormality in the development of intestinal type gastric cancer and HER2 expression increases with disease progression in some studies, leading to the suggestion that the initial timing of this event probably occurs in early stages. Barros-Silva et al. found overexpression and amplification in both components of mixed tumors (with intestinal and diffuse types) and HER2 amplification in early stages, supporting the idea of amplification in an early stage of carcinogenesis. Kataoka et al. on the other hand found no HER2 positivity in the diffuse component of mixed type cases, but also found HER2 overexpression in early TNM T1a cases, pointing towards an early event [87, 101, 102]. Although these data tend to establish HER2 as a potential negative prognostic factor in gastric cancer, the relation seems not to be as consistent as in breast cancer [99].


      




      

        Clinical Application




        As noted earlier, although information on the specific pathways involved is scarce, HER2 has been shown to be amplified in gastric cancer and HER2 is progressively regarded as an important biomarker and driver of cancerization in gastric cancer, with studies pointing out amplification or overexpression in 7-34% of tumors, mainly in the intestinal type and in GEJ and proximal tumors [33, 85]. This variation is due in part to a lack of a standardized definition of HER2 positivity in gastric cancer, histological variation within gastric cancer tissues, different scoring systems and laboratorial methods. Taking into account the investigational data and clinical experience from breast cancer and considering the possible benefits of introducing HER2 targeted therapy in gastric cancer, a standardized scoring system was developed and validated for the ToGA (Trastuzumab for Gastric Cancer) trial.




        The ToGA trial constitutes a milestone, establishing trastuzumab as the first biological therapy that demonstrated survival benefits in gastric cancer [80, 82]. ToGA was a multicenter, international trial, undertaken in 24 countries. It evaluated the combination of trastuzumab with standard chemotherapy (fluoropyrimidine + cisplatin) in advanced (inoperable locally advanced, recurrent or metastatic) HER2-positive gastric and GEJ cancer as a first-line therapy vs chemotherapy alone. Patients were treated with six cycles of chemotherapy in both treatment arms, with patients in the experimental arm continuing to be treated with trastuzumab until disease progression. The primary objective of the study was to compare OS in both arms, and the secondary objectives were to compare progression-free survival, time to progression, overall response rate, disease control, duration of response and quality of life between the two treatment arms. Among 3807 tumor tissue specimens collected, 22% were HER2 positive (34% of the intestinal type vs 6% of diffuse and 20% of mixed types). Assessment was done with IHC and fluorescence ISH (FISH), according to Fig. (3). The highest rate was observed in 34% of GEJ cancer and 20% of gastric cancer samples [103], which is in conformity with other studies where positivity rates for the GEJ are between 24-35% and in gastric cancer samples comprise 9.5-21% [14, 33, 85, 104, 105]. The combination of trastuzumab with chemotherapy in advanced HER2-positive cancer patients led to significantly better OS (hazard ratio = 0.74; p = 0.0046) compared to the same chemo-therapeutic regimen alone and the median OS in the combination therapy group was 13.8 months against 11.1 months in the chemotherapy-alone group. This effect was observed in patients with intestinal type gastric cancer but not in those with diffuse type gastric cancer [45, 106]. Exploring these data further, a sub-group analysis of the ToGA study which excluded patients with IHC 0-1+ FISH+ disease, found a main gain in medial survival of 4.2 months, comparable to the figures in breast cancer [27].




        
[image: ]


Fig. (3))




        HER2 testing algorithm.




        In more recent studies, HER2 overexpression was found to be lower, especially in distant gastric cancers [107]. Resectable gastric cancer has reported HER2-positive ratios of 8.1% and 11.7%, suggesting that in resectable gastric cancer HER2 positive status might be less frequent than in advanced gastric cancer [101, 108]. In this behalf, it is important to consider the possible benefits of trastuzumab in the adjuvant setting for earlier stages of the disease; however activity of targeted therapeutics in advanced disease should not automatically be extrapolated into the adjuvant setting, as results may be misleading [21]. Trials have been initiated which intend to investigate anti-HER2 therapeutics in this setting [109, 110]. Early onset gastric cancer (presenting at or under the age of 45) seems to have lower HER2 overexpression than late onset cases, with possible different molecular genetic pathways [111-113].


      


    




    

      HER2 testing in gastric cancer




      As mentioned before, HER2 overexpression is currently estimated to occur in about 7-34% of gastric and GEJ cancers as a whole, with considerable variation regarding the assay used [106, 114, 115]. There is some controversy about the concordance between HER2 overexpression and HER2 amplification in gastric cancer. In breast cancer, standardized methods of FISH and IHC assessments have been introduced, with concordance rates between the two methods between 73-98%, and overexpression is regarded as achieved primarily through gene amplification [116, 117]. In gastric cancer however, earlier studies did not observe high concordance between the two methods and overexpression without amplification was described in some studies, with some authors postulating possible alternative mechanisms of overexpression by transcriptional activation by other genes or post-transcriptional events [33, 118].




      Recent studies however report high concordance between overexpression assessed by IHC and amplification by FISH or chromogenic ISH (CISH), with both surgical resected material and biopsy specimens suitable for evaluating gastric cancer for HER2 status [119]. Tsapralis et al. recently concluded that in gastric cancer HER2 amplification is the main mechanism of HER2 overexpression, as happens in breast cancer [120].




      It is important to stress the recent development of validated methods in identifying suitable patients for trastuzumab therapy, which differ from the methods used in breast cancer [17, 54, 121, 122]. Testing of HER2 status by IHC differs from breast cancer in fundamental aspects: the IHC 2+/3+ score is attributed even though membranous staining is incomplete if membrane staining is clearly detectable even at low magnification or medium magnification; membrane staining at the appropriate intensity found in at least 10% of tumor cells is restricted to resection specimens (see Table 1). Evaluation of HER2 amplification by in situ hybridization is similar to breast cancer with HER2 / CEP17 ratio (HER2 gene copy number per tumor cell to the chromosome 17 copy number) values ≥2.0 indicating HER2 gene amplification. Using methods developed for breast cancer in gastric cancer can yield markedly different results according to some authors. Therefore, new scoring criteria have been validated and refined during the ToGA [106] trial and are internationally regarded as standard in the determination of HER2 positivity [123].




      

        Table 1 IHC Scoring for HER2 in Gastric and GEJ Cancer, Adapted from Ref. [106]




        

          

            

              	Score



              	Surgical Specimen – Staining Pattern



              	Biopsy Specimen – Staining Pattern



              	HER2 Overexpression Assessment

            


          



          

            

              	0



              	No reactivity or membranous reactivity in <10% of tumor cells



              	No reactivity or no membranous reactivity in any tumor cell



              	Negative

            




            

              	1+



              	Faint or barely perceptible membranous reactivity in ≥10% of tumor cells; cells are reactive only in part of their membrane



              	Tumor cell cluster with a faint or barely perceptible membranous reactivity irrespective of percentage of tumor cells stained



              	Negative

            




            

              	2+



              	Weak to moderate complete, basolateral or lateral membranous reactivity in ≥10% of tumor cells



              	Tumor cell cluster with a weak to moderate complete, basolateral or lateral membranous reactivity irrespective of percentage of tumor cells stained



              	Equivocal

            




            

              	3+



              	Strong complete, basolateral or lateral membranous reactivity in ≥10% of tumor cells



              	Tumor cell cluster with a strong complete, basolateral or lateral membranous reactivity irrespective of percentage of tumor cells stained



              	Positive

            


          

        




      




      Some particularities in the laboratorial assessments are still under debate. For example, heterogeneity in gastric cancer tissue is higher than in breast cancer (5% vs 1.5%), and therefore CISH, by allowing easier morphological examination, may have an advantage over FISH [121, 124]. This also raises questions about the adequacy of biopsy specimens and the number that need to be analysed [125]. Concordance between IHC HER2 status between biopsies and gastrectomy material was found to be 74.1% in one study [126]. Using CISH, amplification can only be assessed semiquantitatively and quantitative polymerase chain reaction (PCR) techniques have been proposed as alternative. Multiplex ligation-dependent probe amplification (MLPA) has been tested in breast cancer and could be a possible technique in gastric cancer also [14]. Another important question refers to the differences between HER2 results on primary tumors and corresponding metastases. A recent study by Bozzeti et al. a high concordance between HER2 status on primary tumors and metastases, suggesting that in gastric cancer HER2 status is maintained in most cases unchanged during the metastatic process [127]. On the other hand, Kim et al. found discordance in HER2 amplification between primary tumors and metastatic lesions and attributed this to heterogeneity within primary tumors [128].




      The debate on hetero- or homogeneity of HER2 amplification by its turn raises the question on the feasibility of tissue microarrays vs whole-tissue sections in practice. In a study of 2009 cases, HER2 positivity was detected in 12.3% of whole-tissue sections and in 17% of tissue microarrays [129]. Marx et al. described HER2 amplification as being highly homogenous [130], while Yang et al. describe intratumoral heterogeneity [131].




      Discussion about the ideal methodology for HER2 testing in gastric cancer is ongoing [132, 133], with various studies evaluating new methods such as dual colour silver ISH (SISH) [134]. Kim et al. found high concordance between methods in a study where HER2 amplification by FISH and real-time PCR and HER2 expression by IHC were performed [135]. Other studies revealed similar results and CISH is emerging as a reasonable alternative to FISH, with less expensive costs and necessary equipment [119, 136]. Different individual authors and authorities have published recommendations regarding HER2 testing in gastric cancer [108, 125, 137-141].




      In January 2010, the European Medicines Agency (EMA) granted approval to trastuzumab plus chemotherapy in the treatment of with IHC 3+ or 2+/metastatic adenocarcinoma of the stomach or GEJ [142]. The U.S. Food and Drug Administration (FDA) approved trastuzumab for HER2 overexpressing patients, without further specification [143].


    




    

      Anti-HER2 therapy




      

        Trastuzumab




        Trastuzumab is a fully humanized monoclonal antibody that binds to the extracellular domain of the receptor and acts by the inhibition of HER2-mediated signalling as well as by the induction of antibody-dependent cellular cytotoxicity and prevention of cleavage of the extracellular domain [144]. It was developed in the 1990s, after murine monoclonal antibodies directed to the extracellular domain of HER2 were produced and evaluated in cell lines and xenografts [81, 145, 146]. Trastuzumab has been extensively evaluated in breast cancer with a wide range of chemotherapeutic agents and no significant overlapping toxicity, with one important exception, regarding an increased risk of cardiotoxicity. Trastuzumab-related cardiac dysfunction is largely reversible on withdrawal of the antibody. However, significant cardiopathy such as valvular heart disease, angina pectoris, previous transmiocardial infarction and heart failure with left ventricular ejection fraction < 50% are generally regarded as counter-indications for trastuzumab use [27]. In a phase II study with trastuzumab and cisplatin as first-line therapy in GEJ and gastric cancer, trastuzumab showed a favourable toxicity profile [147]. An extensive review about the pharmacodynamic and pharmacokinetic profiles, tolerability and dosage of trastuzumab in gastric cancer has been elaborated by Croxtall and McKeage [148]. Targeted delivery systems involving anti-HER2 antibody mediated nano-scaled systems, drug conjugates, and fusion proteins are under active investigation [53, 149, 150].


      




      

        Other Agents




        Lapatinib is a dual tyrosine kinase inhibitor (TKI) active on both EGFR and HER2, with known activity in trastuzumab resistant advanced breast cancer [27, 151]. Wainberg et al. evaluated the effect of lapatinib in HER2-amplified cell lines and xenograft models, concluding that lapatinib inhibits the growth of HER2-amplified cancer cell lines, induces cell cycle arrest and apoptosis and acts synergistically with trastuzumab [152]. A phase II study with lapatinib as first-line therapy in 47 patients with advanced gastric cancer showed modest single-agent activity, with 3 patients (7%) experiencing partial response and median OS of 5 months [153]. Two phase III studies evaluating the role of lapatinib in combination with chemotherapy in advanced esophagogastric cancer are currently being conducted, the LOGIC trial [154] (combination of lapatinib with oxaliplatin and capecitabine as first-line treatment) and the TYTAN trial [155] (lapatinib in combination with weekly paclitaxel in second-line setting).




        Various efforts in detecting potential molecular targets in different cancer cell receptors are being undertaken, which may lead to the development of novel agents directed against kinases [156, 157].




        As exciting as the evolution of anti-HER2 therapy in gastric cancer may be, strategies to overcome resistance need to be pursued while developing new treatment strategies. A better understanding of the HER signalling pathways and a deeper knowledge about downstream molecules and other signalling pathways including Wnt/β-catenin and TGF- β/SMAD may contribute to one day turn multitargeted and network-based therapy possible [158]. In such a perspective, a combination of agents will target different crosstalk pathways and contribute to more effective therapies [14]. Global overviews of different targeted therapies in esophagogastric cancer have recently been published [159, 160].




        Pertuzumab, a monoclonal antibody which prevents HER2/HER3 dimerization, showed significantly prolonged progression-free survival, with no increase in cardiac toxic effects in combination with trastuzumab plus docetaxel, as compared with placebo plus trastuzumab plus docetaxel, as first-line treatment for HER2-positive metastatic breast cancer [161]. Pertuzumab is currently under investigation in the first line gastric setting in combination with trastuzumab and platinum-fluoropyrimidine based chemotherapy [162].


      


    




    

      Conclusion




      Anti-HER2 therapies have established themselves as valuable partners in the therapeutic strategies against breast cancer and are now part of the standard of care in gastric and GEJ cancer. However, some open questions remain, regarding the role of these agents in adjuvant therapy, the safety in combination with other chemotherapeutic regimens, the optimal duration of treatment and its usage after disease progression. Strategies to overcome resistance and combination therapy with other targeted agents will certainly pose challenges in the future. Further studies in the perioperative and adjuvant settings and in earlier disease stages are warranted, hopefully further extending the survival benefits already found.
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      Abstract




      Cancer development is a dynamic and long term process which involves many complex factors through critical steps of initiation, promotion and progression, leading to an uncontrolled growth of cancerous cells throughout the body. It is believed that dietary constituents derived from plant sources have the ability to modify the process of carcinogenesis thus relating the food stuffs, beyond their basic nutritional benefits, to disease prevention. The concept of nutritional approach to disease prevention and therapy has thus given way to the popularity of bioactive components of food known as nutraceuticals. Nutraceuticals may range from isolated nutrients, herbal products, dietary supplements and special diets to genetically engineered ‘designer’ foods and processed products such as cereals, soups and beverages. Phenolic nutraceuticals derived from fruits, wines, vegetables and spices have been the subject of considerable scientific research in the last few decades for their chemopreventive action against cancer. These include curcumin (from the spice turmeric), resveratrol (from red grapes and red wine), epigallocatechin-3-gallate (EGCG, from green tea), ellagic acid and delphinidin (from pomegranate juice) and genistein (from soybean). Several mechanisms of pleiotropic action have been identified for the anti-cancer properties of these dietary agents, including induction of cell-cycle arrest and apoptosis, targeting the inflammatory and oxidative pathways and modulating the activities of signaling molecules critical to cellular growth and proliferation. The regulation of cancer cell growth by dietary nutraceuticals involves multiple molecular targets and thus unlike drugs these may have the advantage of simultaneously influencing various pathways that go awry in a complex multifactorial disease like cancer. Accumulating evidence in literature, based on epidemiological and laboratory (both in vitro and in vivo) studies, reveals the properties of dietary phenolics that can form the basis of their consideration as lead molecules in the synthesis of novel anti-cancer drugs and to further explore their role as pharmacologically active natural adjuvants to standard chemotherapeutic approaches. The underlying sections of this chapter will specifically focus on how nutraceuticals modulate the essential cellular pathways and thus affect the survival, proliferation, invasion, angiogenesis, and metastasis of the tumor.
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