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1. ABBREVIATIONS 
 

GC Gastric Cancer 
EGC Early gastric Cancer 
cEGC Clinically Early gastric Cancer 
AGC Advanced Gastric Cancer 
FAGC Far Advance Gastric Cancer 
EBV Epstein–Barr virus 
LN lymph node 
EMR endoscopic mucosal resection  
ESD endoscopic submucosal resection  
EGD Esophago gastro duodenoscopy 
GIRCG Italian Research Group for Gastric Cancer 
CT Chemotherapy 
EBV Epstein-Barr virus 
MSI Microsatellite instable 
CIN Chromosomal instable 
GS Genomically stable 
MT Molecular therapy 
FDA Food and Drug Administration 
PDX Patient-derived Xenograft 
PDOX Patient-derived Orthotopic Xenografts 
AJCC American Joint Committee on Cancer 
RCT Randomized Controlled Trial 
EGFR Epidermal Growth Factor Receptor 
TKR tyrosine kinase receptor 
OS overall survival 
DFS disease free survival 
PFS progression free survival 
DM1 emtansine 
ADC antibody-drug conjugate 
VEGF Vascular Endothelial Growth Factor 
ALK Anaplastic lymphoma kinase 
NSCLC Non-small cell lung cancer 
mTOR Mammalian target of rapamycin 
TOR Target of rapamycin 
TORC TOR Complex 
cMET Hepatocyte Growth Factor Receptor 
HGFR Hepatocyte Growth Factor Receptor 
SAE Serious Adverse Effects 
TCGA Cancer Genome Atlas 
MAb Molecular Antibody 
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2. INTRODUCTION 
 

2.1.Epidemiology, stage-related treatment and prognosis.  

Gastric cancer is one of the most frequent malignancies. It represents the fifth most common tumor 

worldwide (5,6%) and the fourth leading cause of cancer-related death (7,7%) with 768793 deaths 

in 2020 (1).  The majority of GCs are adenocarcinomas, which can be divided into intestinal and 

diffuse subtypes according to the Lauren Classification (2). A further classification, proposed by the 

World Health Organization, categorized GC into papillary, tubular, mucinous (colloid) and poorly 

cohesive carcinomas (3,4).  

Most of GCs are strictly related to infectious agents, including the bacterium Helicobacter pylori  and 

the  Epstein–Barr virus (5). A small percentage of GCs are familiar and are characterized by mutations 

of E-cadherin (CDH1) (6) or of DNA mismatch repair genes  (Lynch syndrome) (7).  

Based on their clinical stage at diagnosis GCs are divided in three main treatment groups: Early gastric 

Cancer, Advanced Gastric Cancer and Far Advanced Gastric Cancer or metastatic GC. 

 

2.1.1. Early Gastric Cancer: 

General guidelines for selecting EGC patients who are appropriate for curative endoscopic resection 

are primarily based upon the risk of lymph node metastasis as observed in previous surgical 

resections (8). Proper staging is therefore crucial for determining which patients are potential 

candidates for endoscopic treatment. Patients meeting Gotoda’s established criteria can be safely 

submitted to EMR because they are expected to be free from LN metastases (9) (Fig 1a). Expanded 

criteria for endoscopic resection were implemented by high-volume centers from Eastern Asia. 

Nonetheless, to date, ESD still remains under evaluation and patients meeting these criteria should 

be considered only for treatment in experimental arms of controlled trials and restricted to referral 

centers (10) (Fig 1b). Nevertheless, the number of patients harboring an EGC and submitted to 

endoscopic treatment is increasing, considering the excellent long-term outcomes of EMR and ESD 

in case of EGC meeting the established or expanded criteria. These patients have a good prognosis 

with survival rates close to 100%.  Many authors reported 5-year overall and disease specific 

survival rates of more than 92% and 99%, respectively, in patients submitted to endoscopic 

resection (11,12), whereas the 5-year cumulative incidence of recurrent gastric cancer is quite high,  

ranging from 2.9% to 14% (13,14). Even though a potential risk of distant metastasis after ESD 

remains because lymph node dissection is not performed in patients undergoing ESD, its effective 

incidence was reported to be extremely rare (15). However, as documented in 5- or 10-year long-
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term follow-up data available in literature, there were some extragastric recurrences after curative 

ESD (16). Therefore, annual or biannual surveillance EGD together with abdominal computed 

tomography scan might be necessary for at least 5 years after curative endoscopic resection for 

early gastric cancer, regardless of the type of indication (established as well as expanded). 

 

 

 
 

Figure 1. a. Guideline criteria for endoscopic resection in the endoscopic mucosal resection (EMR) 
era. Size is shown in mm. UL, ulcerative findings; SM, submucosal invasion. b. Proposed extended 
criteria for endoscopic resection in the endoscopic sub- mucosal dissection (ESD) era. Asterisk; 
although the possibility of metastasis is very low in this category of patients, surgery is considered 
because endoscopic en-bloc removal is sometimes difficult in undifferentiated-type tumors  

  

a 

b 
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Early gastric cancer patients who underwent endoscopic resection (EMR or ESD) and have risk 

factors for LN metastasis or who don’t meet Gotoda criteria in light of histological data, should be 

submitted  to surgery with at least D1 lymphadenectomy (8). Indeed, surgical treatment with 

adequate lymphadenectomy can offer a high probability of definitive cure as documented by 5- and 

10-year cancer-related survival  rates (98% and 95% respectively) reported in case of  pT1N0 EGC 

treated with appropriate node dissection (17). Usually, a D1 or a D1plus lymph node dissection are 

considered as adequate dissections and a proper D2 lymphadenectomy is not required for EGC. 

Indeed, two large European randomized controlled studies comparing survival after D1 or D2 

gastrectomy for gastric cancer didn’t report any significant differences of 5-year disease specific 

survival for stage I patients (18,19).  

Regarding the surgical approach, in this last decade many randomized controlled trials investigated 

the long-term outcomes of minimally invasive gastrectomy compared with open technique for EGC. 

In 2006, the KLASS-01 trial reported that overall and cancer-specific survival rates were 

comparable in  patients receiving either  laparoscopic or  open distal gastrectomy (94.% and 97% 

respectively ) (20). In 2020, the JCOG0912 study confirmed the non-inferiority of laparoscopic as 

compared to open distal gastrectomy for relapse-free survival in case of stage I gastric cancer, 

suggesting that laparoscopic distal gastrectomy should be considered as a standard treatment option 

for EGC when performed by experienced surgeons (21).  

Despite the overall good prognosis of EGC, some subtypes show a significantly worse oncological 

outcome. An Italian prospective study with a large sample size documented that the risk of positive 

nodes is particularly high in diffuse-mixed type, an aggressive form of gastric cancer with special 

propensity to lymph node metastasis (22). Another EGC subtype which harbors  a poor prognosis is 

the PenA Kodama type, which represents more than one fifth of these early tumors (23). Many 

studies reported that PenA histologic characteristic represents a negative prognostic factor, 

especially in N positive patients. Indeed, among node positive patients, non-PenA patients showed a 

plateau in terms of survival after 5 years while survival continued to lower and a plateau was 

reached only five years later  in PenA patients (24,25). Finally in 2006 the Italian Research Group 

for Gastric Cancer retrospectively analyzed 652 cases of resected EGC and established that 

submucosal invasion, Lauren diffuse/mixed type, Kodama Pen A type and tumor size are 

significantly associated with an increased risk of lymph node metastases (17). For all these reasons, 

the GIRCG guidelines advice a D2 lymphadenectomy in cEGC not suitable for endoscopic 

treatment (26).  
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2.1.2. Advanced Gastric Cancer 

In this last decade, evidence-based medicine and practical surgical experience moved towards a 

global agreement: at present, D2 procedure (Fig 2) is recommended as the standard surgical 

treatment for resectable AGC. This recommendation is fully accepted by the Japanese, Korean, 

German, British, and Italian medical and surgical oncology societies and by the European Society 

for Medical Oncology (ESMO) and the joint ESMO- ESSO (European Society of Surgical 

Oncology)- ESTRO (European Society of Radiotherapy and Oncology) guidelines. In addition, 

more recently, the NCCN Clinical Practice Guidelines in Oncology recommended the D1+ or 

modified D2 procedure also in the United States (27).  

 

 

 

 

 
 
Figure 2. Lymph node dissection in total gastrectomy and in distal gastrectomy. Lymph node 
stations in blue need to be dissected in D1 dissection. In addition, lymph node stations in orange 
need to be dissected in D1+ dissection and lymph node stations in red as well in D2 dissection. 
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Survival outcomes of patients submitted to upfront surgery with adequate lymph node dissection for 

AGC are similar in both eastern and western countries, the 5-year OS for AJCC stage II and III  

ranging  from 44% to 86%  and from 22% to 64% respectively (18,19,28,29). To our knowledge, 

there is no reliable multicenter RCT showing a long-term outcome of laparoscopic gastrectomy for 

advanced gastric cancer until now, while several phase III trials investigating  the non-inferiority of 

this procedure as compared to open gastrectomy in terms of long-term outcomes are ongoing (30–

33).  

In recent times a multimodal approach of GC has been recommended with the adoption of different 

neoadjuvant (preoperative or perioperative) treatment regimens;  this was also included in several  

national guidelines of many western countries, particularly after the publication of the Medical 

Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) and of the Federation 

Nationale des Centres de Lutte contre le Cancer (FNCLCC)- Federation Francophone de 

Cancerologie Digestive (FFCD) randomized controlled trials. Unfortunately this was done without a 

strong evidence-based medicine (EBM)-related demonstration of a survival benefit as compared to 

controlled surgery alone with proper enlarged LN dissection in patients with proper  stomach 

tumors (34). Nevertheless, a novel safe and effective regimen of neoadjuvant treatment, a 

docetaxel-based combination consisting of fluorouracil, leucovorin, oxaliplatin, and docetaxel 

(FLOT),  has been recently introduced with a significant improvement of survival outcomes 

compared with previous pre- and  peri-operative treatment schedule for patients with locally 

advanced, resectable gastric or gastro-esophageal junction adenocarcinomas. Indeed, Al-Batran 

reported 3- and 5-year OS rates of 57% and 45% respectively with the administration of  FLOT 

regimen (35).  

A recent retrospective study of GIRCG supports the hypothesis that “posterior” lymph node stations 

(8p,12p and 13) should  be considered as regional nodes in case of  advanced distal gastric cancer, 

and para-aortic nodes (12a2, 12b1)  in case of  advanced diffuse proximal tumors (36). Another 

study from GIRCG could document that D2 plus (previously called D3) LN dissection, including 

the systematic removal of posterior and para-aortic stations (8p, 12p, 13, 16a2 and 16b1) (Fig 3), 

could reverse the negative impact of diffuse histotype on locoregional recurrence. Therefore, D2 

plus could be considered a valid therapeutic option in histotype-oriented tailored treatment of AGC 

(37). 
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Figure 3. Anatomical definitions of lymph node stations. LNs: Lymph nodes. 
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2.1.3. Far Advanced (Metastatic) Gastric Cancer 

Chemotherapy remains the main therapeutic approach for stage IV GC.  Indeed,  despite recent 

developments in chemotherapy, the median survival time of these patients remains very low, 

ranging from  13 to 16 months (38). Japanese treatment guidelines state that the role of gastrectomy 

is unclear in patients with stage IV GC. Actually, reduction surgery aims to prolong survival or to 

delay the onset of symptoms by reducing tumor volume (8). An international cooperative 

randomized controlled trial showed that stage IV patients can benefit from surgery in terms of 

survival only when this is radical (39). In 2017 Yamaguchi retrospectively collected 77 stage IV GC 

patients submitted to conversion surgery and the median survival was 41.3 for R0 patients while it 

was 21.2 months for R1-2 (40). 

Several studies reported that conversion surgery for unresectable stage III or stage IV GC is 

associated with longer survival than chemotherapy alone. Most recent studies on stage III/IV 

unresectable patients undergoing conversion surgery reported survivals ranging from 37 to 

56 months (40,41). The Italian Group of Gastric Cancer Research recently documented that 

conversion gastrectomy is a treatment option for selected patients with stage IV GC. The main 

prognostic factor for these patients is the presence of more than one type of extra-gastric metastatic 

involvement and  a radical procedure is significantly associated with a reduced risk of recurrence 

(42). 

 
 

The algorithms of standard treatment based on the stage of GC at its diagnosis are reported in 

Appendix 1.  

 

Hence, in the last  decade several perioperative and postoperative regimens of conventional CT 

have been investigated, and neoadjuvant treatment has been recommended as mandatory in several 

national guidelines, but the prognosis of stage III and IV GC remains poor (34,43–45). This has 

been one of the reasons for the researchers to investigate further aspects of GC. 
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2.2.Molecular classification 

In 2014, the Cancer Genome Atlas Research Network paved the way for a new molecular 

classification of GC and documented the existence of four major genomic subtypes: Epstein-Barr 

virus (EBV; 9%), microsatellite instable (MSI; 22%), chromosomal instable (CIN; 50%), and 

genomically stable (GS; 20%) (46) (Fig 4).  

 

 

 
 
Figure 4. Key features of gastric cancer subtypes. This figure lists some of the salient features 
associated with each of the four molecular subtypes of gastric cancer. Distribution of molecular 
subtypes in tumours obtained from distinct regions of the stomach is represented by inset charts.   
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The identification of these subtypes and the related signaling pathways provided a roadmap for GC 

patient stratification and promising strategies for targeted therapies.  

 

2.2.1. Epidermal Growth Factor Receptor 

EGFRs include four types of TKRs (HER1/EGFR, HER2, HER3, HER4) located on the cell surface. 

They play an important role, conveying messages to manage cell growth and differentiation. 

a. Anti-EGFR 

Many authors have demonstrated that approximately 30% of GCs show EGFR overexpression 

(47,48). Two main monoclonal antibodies (cetuximab and panitumumab) that inhibit EGFR activity 

by binding its extracellular domain have been identified. Moreover, cetuximab can stimulate the 

activity of the immune system against tumor cells (49). Unfortunately, the heterogeneity of GC seems 

to affect the efficacy of cetuximab in most of these patients (50). Gefitinib and erlotinib, two tyrosine 

kinase inhibitors, can also inactivate EGFR by binding its intracellular domain and blocking its kinase 

activity (51). Unfortunately, phase II trials have shown that these therapies have limited efficacy in 

molecularly unselected patients (52,53). Recently, we and others (54,55) have identified a 

subpopulation of GC patients presenting a high level of EGFR amplification, which is responsive to 

anti-EGFR drugs. Mechanisms of resistance to EGFR-targeted drugs, such as TKR activation, KRAS 

mutation/amplification, and TSC2 inactivation, have also been identified (55). 

b. Anti HER2 

Several authors have shown HER2 gene amplification (and the consequent overexpression of its 

receptor) in many types of tumors (56). The HER2 gene is a proto-oncogene located on chromosome 

17q21. The first approved HER2 inhibitor is the monoclonal antibody trastuzumab. In 2010, the ToGa 

trial documented the superiority of trastuzumab in combination with conventional chemotherapy 

compared with chemotherapy alone in terms of OS and DFS for patients with HER2-amplified AGC 

(57). Nevertheless, only a few patients with GC (less than 20%) gain a real advantage from 

trastuzumab. 

In the past decade, several other anti-HER2 agents (such as  Lapatinib, a dual kinase inhibitor that 

inhibits EGFR and HER2, and Pertuzumab, an anti-HER2 monoclonal antibody that prevents 

heterodimerization) have been tested for GC treatment and failed (58,59).  The efficacy of the 

combination of trastuzumab and pertuzumab has been investigated in the JACOB trial (60). Despite 

the suggestion of treatment activity (a trend towards therapeutic activity for increasing PFS and the 

proportion of patients who achieved an objective response), adding pertuzumab to trastuzumab and 

chemotherapy did not significantly improve OS in patients with HER2-positive GC vs. placebo.  
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T-DM1 is an antibody–drug conjugate generated by the conjugation of trastuzumab and DM1, a 

tubulin inhibitor (61). The action of this drug is characterized by two phases: first, the ADC binds 

the extracellular domain of HER2; it is subsequently transferred intracellularly, releasing DM1 that 

proceeds to block microtubule polymerization. The GATSBY trial, a randomized, open-label, 

adaptive, phase II/III study investigating the efficacy of T-DM1 compared to taxane in patients with 

previously treated, HER2-positive AGC, didn’t evidence a significant benefit of T-DM1 (62). 

Trastuzumab deruxtecan (DS-8201) is an antibody–drug conjugate consisting of trastuzumab, a 

cleavable linker, and a cytotoxic topoisomerase I inhibitor. An openlabel, randomized, phase II trial 

performed on HER2+ GC patients evaluated trastuzumab deruxtecan vs. chemotherapy and showed 

that treatment with trastuzumab deruxtecan led to significant improvements in response and OS 

compared with standard therapies (63). 

 

2.2.2. Vascular Endothelial Growth Factor 

VEGFs are proteins promoting blood vessel formation. Four types of VEGF (VEGF-A, VEGF-B, 

VEGF-C, and VEGF-D) have been identified, with three types of corresponding receptors (VEGFR-

1, VEGFR-2, and VEGFR-3). Several studies have reported the fundamental role of these signaling 

proteins in new blood vessel formation and cancer cell proliferation (64). Furthermore, VEGF 

expression has been found in approximately 40% of GC (65). Bevacizumab is an anti-VEGF-A 

monoclonal antibody that prevents the binding with its receptor (66). The efficacy of this monoclonal 

antibody has been widely documented in several solid tumor treatments (67–69) but bevacizumab is 

still under investigation for its benefit in GC. Some phase II/III trials proved its efficacy in association 

with conventional chemotherapy in AGC, while others did not report any clear benefits (70,71). 

Furthermore, Shah et al. reported improved oncologic outcomes only in Caucasian patients but not in  

Asian patients, suggesting that the VEGF-A pathway in GC could be different among races (72). 

Many trials have investigated the efficacy of VEGF TKR inhibitors (sunitinib and sorafenib), but no 

phase III trial has shown any survival benefits (73,74). Finally, a monoclonal antibody blocking 

VEGFR-2 was successfully introduced for advanced solid malignancy treatment in 2010 

(ramucirumab) (75). A significant improvement in survival outcomes in patients with AGC submitted 

to second-line therapy with ramucirumab alone or in combination with paclitaxel was documented in 

two main phase III trials and led to the approval of this drug in GC (76,77). Interestingly, these two 

trials also highlighted significant differences in the VEGF-A pathway between Asian and non-Asian 

patients. 
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2.2.3. Mammalian Target of Rapamycin 

mTOR is a serine/threonine protein kinase identified in mammalian cells with a leading role in 

controlling mechanisms of cell growth and proliferation. Human cancers can be characterized by 

hyperactivity or inactivity of the mTOR pathway, which plays a crucial role in maintaining tumor-

modified phenotypes (78). In 2008, Cejka et al. (79) demonstrated in vitro the efficacy of everolimus 

(RAD001) in inhibiting mTOR complex 1 (mTORC1, mTOR combined with the adaptor protein 

raptor) with consequent blockage of HIF-1 and VEGF. The authors concluded that everolimus, 

through the inhibition of mTORC1 in GC cells, could affect cancer proliferation and generate central 

tumor necrosis. Moreover, everolimus antitumor action is amplified by its association with 

metronomic cyclophosphamide. 

 

2.2.4. Hepatocyte Growth Factor Receptor 

HGFR, also known as c-MET, is a proto-oncogenic receptor tyrosine kinase that, after binding to 

hepatocyte growth factor, induces cell migration and proliferation, promotes mitosis, and inhibits 

apoptosis. C-MET overexpression and gene amplification are related to a poor prognosis (80,81). 

*Okamoto et al. in 2012 stated that crizotinib (a tyrosine kinase inhibitor of c-MET  and of the 

anaplastic lymphoma kinase) “has pronounced effects on signal transduction and survival in gastric 

cancer cells with MET amplification” (82). Phase II/III trials to evaluate crizotinib efficacy and safety 

in GC are ongoing. 

Another promising agent targeting the HGF-cMET complex is rilotumumab. This human monoclonal 

antibody impairs the c-MET signaling pathway by binding to and inactivating its ligand HGF (83). 

Clinical trials of this drug in GC (including two phase III trials) were halted due to a significant 

increase in mortality in the experimental arm (rilotumumab in combination with conventional 

chemotherapy) in one of these trials, but new investigations have begun. 

Finally, the METGastric, a phase III trial of onartuzumab (a humanized monoclonal antibody that 

binds to the extracellular receptor of c-MET) plus standard first-line chemotherapy for HER2, was 

recently conducted in MET+ advanced GC (84). This phase III trial was stopped early because of 

negative results reported in a concomitant Phase II study that concluded: “The addition of 

onartuzumab to mFOLFOX6 in gastric cancer did not improve efficacy in an unselected population 

or in a MET immunohistochemistry-positive population” (85,86).  
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Targeted therapies and oncogenic pathways in gastric cancer are detailed in Figure 5. 

 

 

 

Figure 5. Targeted therapy and oncogenic pathways in gastric cancer. Activation of ERK-AMP KINASE. Ligand 

binding to a growth factor receptor activates the small GTP-binding RAS protein which interacts with RAF protein 

kinase. RAF phosphorylates and activates MEK (MAP kinase or ERK kinase) which then activates ERK 

(extracellular signal-regulated kinase) by phosphorylation of tyrosine and threonine residues. Activated ERK 

translocates into the nucleus where it phosphorylates the Elk-1 transcription. PI3K/AKT/MTOR pathway. 

PI3K/AKT/MTOR signaling constitutes an important pathway that consist of two steps: phosphatidylinositol 3-

kinase (PI3K) and its downstream molecule serine/threonine protein kinase B (PKB; also known as AKT). The 

PI3/AKT/mTOR pathway is stimulated by RTK and cytokine receptor activation. Tyrosine residues are then 

phosphorylated and provide anchor sites for PI3K translocation to the membrane thus participating in the 

transduction of various extracellular matrix molecules and cytokines, including mTOR, a serine/threonine protein 

kinase, is a member of the PI3K-associated kinase protein family. 
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2.3.Preclinical trials 

To explore the molecular mechanisms supporting tumour growth and its responsiveness to medical 

treatment, animal models are very helpful. Actually, the best preclinical model to validate targets and 

positive/negative predictors of response to therapy is represented by Patient-derived xenografts 

(PDXs), an experimental model that retains the principal histologic and genetic characteristics of the 

donor tumour, is predictive of clinical outcome, and is a valuable tool for personalized medicine 

decisions (87). This model summarizes many of the disease hallmarks of cancer patients and is 

increasingly being applied to investigate existing and new drug therapies, tumour growth, and 

mechanisms of drug resistance. PDXs are usually generated by transplantation of human tumour 

tissue or cells into seriously immunodeficient mouse host strains. Tumours that successfully engraft 

are further passaged to generate cohorts of tumour-bearing mice for experimental studies. PDX 

models are generated and used by researchers in academic, clinical, and pharmaceutical industry 

settings as well as specialized commercial organizations (88).  

Human subcutaneous tumour xenografts, grown in immunodeficient nude mice, morphologically, 

biologically, and biochemically closely resemble the original tumours. The major problem of PDXs 

generated by subcutaneous implant is that the transplanted tumours are located in an abnormal 

microenvironment. Most subcutaneously implanted tumours are encircled by a pseudocapsule; 

having little chance to spread to the surrounding tissues, they very rarely metastasize (89–91), 

regardless of their origin from highly aggressive tumours (92). However, human tumours implanted 

orthotopically (that is, in the organs of origin of the tumour) in nude mice (PDOX) show increased 

metastatic capability (92–95). Therefore, human gastrointestinal tumours, orthotopically transplanted 

in athymic mice, can contribute to enhance our knowledge of cancer spreading and metastasis. 

Recently, the technique of orthotopic xenograft has been ameliorated, from the “sewing” method to 

the “adhering” method (96–98). The progress made in the operative technique strongly decreases the 

procedure duration and improves animals’ morbidity and mortality. Therefore, PDOX were recently 

introduced in GC preclinical research to better recapitulate the original cancer background (93). 
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2.4.Clinical trials 

Trastuzumab was the first molecular therapy approved by the FDA and European Union for AGC; it 

was subsequently introduced as the standard of care for patients with locally or FAGC displaying 

HER2 overexpression/amplification (57). In 2014, FDA also approved the use of ramucirumab as 

monotherapy or in combination with paclitaxel for advanced and metastatic GC (99). To date, only 

these two MAbs (in addition to the antibody-drug conjugate trastuzumab deruxtecan) have been 

approved, although many other molecular targets have been identified in recent years. Indeed, the 

majority of phase III trials investigating novel molecular agents failed to demonstrate their efficacy, 

mostly due to inaccurate patient selection (particularly concerning driver gene amplification and copy 

number) and the lack of preclinical models supporting proof of concepts followed by structured trials 

(100) (Tab 1). In addition, several studies have shown different escape mechanisms of cancer cells 

that could shorten the duration of or even nullify the response to targeted therapies. Furthermore, a 

strict relationship between c-MET amplification copy number and the response grade to anti-MET 

therapies have been documented.   
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Table 1. Results of phase II and III trials. This table summarizes recent phase II and III RCTs investigating novel 
molecular agents’ survival outcomes. Unfortunately, most of these trials did not show any overall and progression free 
survival advantages as compared to conventional chemotherapy (red dot). Positive and partially positive studies have 
been pointed out with green and orange dot, respectively. 
Nr: number; pts: patients; EXP: experimental; CTR: control; XELOX: capecitabine and oxaliplatin; EOC/EOX: 
epirubicin + oxaliplatin + capecitabine, XP: capecitabine and Cisplatin, FP: 5-fluorouracil and cisplatin, PTX: 
paclitaxel, FOLFOX6: fluorouracil leucovorin oxaliplatin; ECX: Epirubicin cispaltin and capecitabine; 
mFOLFOX6: modified oxaliplatin, leucovorin, and fluorouracil; MMP9: Matrix metalloproteinases 9. 

 positive study  partially positive study  negative study. 

 
 
  

Author, Trial, year EXP arm CTR arm Molecular target Results 

Waddell, REAL-3(101), 
2009 

EOC + Panitumumab EOC EGFR  

Ohtsu, AVAGAST(102), 
2012 

XP + Bevacizumab XP + Placebo VEGF  

Sahin, FAST(103), 2012 EOX + Claudiximab  EOX Claudin 18.2  

Pavlakis, 
INTEGRATE(104), 2012 

Regorafenib Placebo VEGF, RET, RAF  

ENRICH  
(NCT01813253), 2013 

Irinotecan + Nimotuzumab Irinotecan EGFR  

Hecht, LOGiC(105), 
2013 

XELOX + Lapatinib XELOX + Placebo HER2  

Satoh, JapicCTI-
090849(106), 2014 

Irinotecan + Nimotuzumab Irinotecan EGFR  

Wilke, RAINBOW(77), 
2014 

Paclitaxel + ramucirumab Paclitaxel + placebo VEGFR2  

Fuchs, REGARD 
(107), 2014 

Ramucirumab Placebo VEGFR2  

Bang, ToGA(57), 2014 FP/XP + trastuzumab FP/XP HER2  

Satoh, TyTAN(58), 2014 PTX + Lapatinib PTX HER2  

Ohtsu, GRANITE-
1(108), 2015 

Everolimus Placebo mTOR  

Lordick, EXPAND 
(109), 2016 

XP + Cetuximab XP EGFR  

Li(110), 2016 Apatinib Placebo VEGFR-2  

Shah(85), 2017, 
METGastric 

Onartuzumab+  
FOLFOX6 

Placebo+  
FOLFOX6 

MET  

Thuss-Patience 
(62), 2017,  
GATSBY 

Trastuzumab+ emtasine Taxane 
HER-2  

Catenacci, 2017(111), 
RILOMET-1 Rilotumumab + ECX placebo + ECX HGF  

Cunningham(112), 2017, 
UK Medical Research 

Council 
Bevacizumab+ ECX ECX 

VEGF  

Fuchs(113), 2019, 
RAINFALL 

Ramucirumab + 
Fluoropyrimidine+cisplatin 

Placebo+ 
Fluoropyrimidine+cisplatin 

VEGFR-2  

Lorenzen 
(114), 2020,  
RADPAC 

Paclitaxel+ 
Everolimus Placebo+Paclitaxel 

mTOR  

Shah(115), 2020 
GAMMA-1 Andecaliximab+ mFOLFOX6 Placebo+ mFOLFOX6 MMP9  
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3. AIM OF THE STUDY 
 

The aim of the project was to generate a wide PDX and PDOX esophago-gastric cancer platform 

including all the histologic and molecular types diagnosed in human patients 

Our definitive purpose was to identify and validate molecular targets and positive/negative predictors 

of response to therapy in preclinical studies employing patients’ derived cellular coltures, organoids 

and xenografts.  
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4. Results 
4.1. Paper n°1  

 
 

In this analysis, we found that every 3DL surgical resection cost around 250
euros/procedure more than 2DL but every operation rescue around 320
Euros in terms of operative time save.
The difference of price between the two equipment is about 48000 Euros.
The maintenance service is the same but the spare parts and repair labor
could be more expensive for 3DL than for 2DL.
In conclusion, the 3DL is a promising technology that appear not to need a
great starting investment and not to weight on the cost of single proced-
ure. That could mean a sustainability even in small centers.
We present the results of a monocentric use of 3DL, the extensive use has
to be better valuated to assesses the advantage in the treatment of tumor
of right colon and money saving
New technologies.

Abstract 21
PRIMARY THYROID LEIOMYOSARCOMA: A CASE REPORT

G.L. Canu1, E. Erdas 1, J.S. Bulla 2, G. Baghino 2, C. Salaris 1, S. Mariotti 2, P.G.
Cal!o 1. 1Department of Surgical Sciences, University of Cagliari, Cagliari, Italy;
2Endocrinology Unit, University Hospital and University of Cagliari, Cagliari, Italy

Background: Primary thyroid leiomyosarcoma (LMS) is a very rare tumor,
with only a few cases described in literature. LMS is supposed to arise from
thyroid capsule, particularly from smooth muscle cells of the vessels.
Preoperative diagnosis is challenging because of the similarity with other
malignant tumors. Surgery is the primary treatment modality, while
benefits of chemotherapy and radiotherapy are controversial. The prog-
nosis is poor with an estimated 1-year survival rate of 5e10%.
Case report: A 47-year-old man was referred to our unit for a rapidly
growing mass in the neck and dysphagia. Physical examination revealed a
5e6 cm firm mass in the right anterior cervical region, fixed to superficial
and deep tissue layers. The patient was clinically and biochemically
euthyroid and thyroid autoantibodies were undetectable. Thyroid ultra-
sonography showed a heterogeneous hypodense mass (60 x 39 x 33 mm)
of the right thyroid lobe, with peri- and intralesional vascular flow and
deflection of the trachea. There was no evidence of lymphadenopathy and
distant metastases on CT scan. Fine-needle aspiration cytology was diag-
nostic of undifferentiatedmalignancy (Class 6 Bethesda). At surgery, a hard
and irregular mass of the right thyroid lobe, infiltrating the esophageal
wall, was found. Consequently, a total thyroidectomy with partial esoph-
agectomy was performed. Postoperative course was uneventful and the
patient was discharged 7 days after surgery in good conditions. Istolo-
logical and Immunohistochemical evaluations (marked reactivity with
Vimentin, Desmin, Smooth Muscle Actin and Specific Muscle Actin, Ki67
positive in 40% of neoplastic cells) allowed the conclusive diagnosis of
primary thyroid high-grade LMS. At two-months follow-up, a local
recurrence was detected at 18F-FDG PET/CTand the patient was referred to
the Oncological Unit to start chemotherapy (Adriamycin + Ifosfamide). The
patient is still alive 3 months after surgery.
Conclusion: A rare case of thyroid LMS has been described. The final
histological diagnosis required immunochemistry investigation to exclude
other more frequent aggressive thyroid tumors. LMS must be taken into
account in patients presenting with rapidly growing neck masses. At the
moment, there is no standard therapy and the prognosis is poor.
Head-Neck.

Abstract 39
PERITONEAL METASTASES FROM ENDOMETRIAL CANCER TREATED
WITH CYTOREDUCTIVE SURGERY (CRS) COMBINED WITH
HYPERTHERMIC INTRAPERITONEAL CHEMOTHERAPY (HIPEC): A
REPORT ON 33 PATIENTS

T. Cornali 1, J. Spiliotis 2, D. Biacchi 1, N. Kopanakis 2, B.M. Sollazzoi 1, A.
Christopoulou 2, A. Impagnatiello 1, P. Sammartino 1. 1Sapienza University
of Rome, Rome, Italy; 2Metaxa Cancer Hospital, Athens, Greece

To learn more about peritoneal metastases from endometrial cancer
(PMEC) treated with cytoreductive surgery (CRS) and hyperthermic
intraperitoneal chemotherapy (HIPEC) we collected data prospectively
from two tertiary referral centres experienced in treating peritoneal
surface malignancies (PSM).

In a retrospective series including all patients treated with CRS and HIPEC
for PMEC at the Metaxa Cancer Hospital (Greece) and at the Department of
Surgery P. Valdoni (Italy) from November 2002 to April 2016, we analysed
the main demographic, clinical and outcome data. We included patients
with PMEC younger than 75 years with Eastern Cooperative Oncology
Group performance status 0e2, resectable disease and informed written
consent and excluded those with extra-abdominal disease, other malig-
nancies except breast cancer, unresectable disease or patients unfit for the
procedure. Follow up data were completed on December 31 2016.
Thirty-three consecutive patients (mean age 59 years, range 42e73) were
treated, 5 for primary disease and 28 for recurrence. Preoperative man-
agement included in 78.8% patients systemic chemotherapy (mean 1.5
lines, range 0e3). The mean peritoneal cancer index (PCI) was 15 (range
3e35) and surgery obtained complete cytoreduction in 60.6% of the pa-
tients. HIPEC was donewith closed techniquewith a solution of cisplatin at
a dose of 75 mg/m2 for 60 minutes. The major morbidity rate was 21% and
the operative mortality 3%. With a median follow-up of 48.1 months, the
median overall survival for the entire cohort was 31.1 months while the
median progression-free survival was 26 months. Multivariate regression
analysis identified the completeness of cytoreduction score (CC-S) as the
only factor factors worsening long-term survival.
Conclusions: In this series, that to our knowledge is the largest so far of
peritoneal metastases from endometrial origin treated with CRS and
HIPEC, the only significant prognostic factor for OS is the CC-S.
Furthermore, our outcome data show that in patients with PMEC CRS and
HIPEC can be performed with acceptable morbidity and mortality rates
and that such an increased survival compared to median survival reported
with other treatments encourage further larger studies including and
randomized trials.
Peritoneal carcinomatosis.

Abstract 64
VALIDATION OF A MODEL OF ORTHOTOPIC TRANSPLANTATION
OF HUMAN GASTRIC CANCER IN NOD SCID MICE FOR GENERATION
OF A GASTRO-ESOPHAGEAL PATIENT-DERIVED XENOGRAFT (PDX)
PLATFORM TO IMPROVE THERAPEUTIC OUTCOME

R. Reddavid 1, S. Menegon 2, S. Corso 2, S. Giordano 2, M. Degiuli 1. 1 San Luigi
University Hospital, Torino, Italy; 2 Istituto di Candiolo IRCC, Torino, Italy

Gastric cancer is the third leading cause of cancer mortality worldwide.
Surgery is the only curative treatment strategy; conventional chemo-
therapy has shown limited efficacy and only two molecular therapies are
currently approved (Trastuzumab for HER2+ GCs and Ramucirumab). To
explore in depth the molecular mechanisms sustaining tumor growth and
response to therapy, animal models are very useful. At the moment, the
best preclinical model to validate targets and positive/negative response
predictors of response to therapy is represented by Patient-Derived Xe-
nografts (PDXs), an experimental model that retains the principal histo-
logic and genetic characteristics of the donor tumor, is predictive of clinical
outcome and is a valuable tool for personalized medicine decisions.
Indeed, this strategy combines the flexibility of preclinical analysis with
the informative value of population-based studies. We have recently
generated a molecularly annotated colony of gastro-esophageal PDXs (at
the moment >90 PDXs) by subcutaneous transplantation in NOD SCID
mice. This platform also comprises primary cell lines and 3D-coltured
organoids. Although this platform has already been helpful in investigating
therapeutic approaches against activated receptor tyrosine kinases,
the subcutaneous tumor implantation very rarely allows metastatic
dissemination.
To verify if gastric tumors can grow and give rise to metastases when
implanted in their original organ, we orthotopically transplanted either
cancer cell suspensions or intact cancer tissues. Cancer cell suspensions
were inoculated under the serosal coat of mice's stomach while tumor
samples were implanted inside the stomach and fixed to the mucosal coat
with stitches. Growth of the primary tumor and appearance of metastases
have been monitored in vivo using IVIS technology (In Vivo Imaging
System, IVIS Spectrum). Pathological analysis has been performed after
animal sacrifice.
With both techniques we have been able to observe local tumor growth
which was monitored along time through fluorescent 2-Deossi glucose

Abstracts / European Journal of Surgical Oncology 44 (2018) e1ee12e4
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4.2. Paper n°2 

Resource Report

A Comprehensive PDX Gastric Cancer Collection
Captures Cancer Cell–Intrinsic TranscriptionalMSI
Traits
Simona Corso1,2, Claudio Isella2, Sara E. Bellomo2, Maria Apicella2, Stefania Durando2,
Cristina Migliore1,2, Stefano Ughetto1,2, Laura D'Errico1,2, Silvia Menegon2,
Daniel Moya-Rull1,2, Marilisa Cargnelutti2, Tânia Capelôa2, Daniela Conticelli1,2,
Jessica Giordano1,2, Tiziana Venesio2, Antonella Balsamo2, Caterina Marchi!o2,3,
Maurizio Degiuli4, Rossella Reddavid4, Uberto Fumagalli5, Stefano De Pascale5,
Giovanni Sgroi6, Emanuele Rausa6, Gian Luca Baiocchi7, Sarah Molfino7,
Filippo Pietrantonio8,9, Federica Morano8, Salvatore Siena9,10, Andrea Sartore-Bianchi9,10,
Maria Bencivenga11, Valentina Mengardo11, Riccardo Rosati12, Daniele Marrelli13,
Paolo Morgagni14, Stefano Rausei15, Giovanni Pallabazzer16, Michele De Simone2,
Dario Ribero2, Silvia Marsoni2, Antonino Sottile2, Enzo Medico1,2, Paola Cassoni3,
Anna Sapino2,3, Eirini Pectasides17, Aaron R. Thorner18, Anwesha Nag18,
Samantha D. Drinan18, Bruce M.Wollison18, Adam J. Bass17, and Silvia Giordano1,2

Abstract

Gastric cancer is the world's third leading cause of cancer
mortality. In spite of significant therapeutic improvements, the
clinical outcome for patients with advanced gastric cancer is
poor; thus, the identification and validation of novel targets is
extremelyimportant fromaclinicalpointofview.Wegenerated
a wide, multilevel platform of gastric cancer models, compris-
ing 100 patient-derived xenografts (PDX), primary cell lines,
and organoids. Samples were classified according to their
histology, microsatellite stability, Epstein–Barr virus status,
and molecular profile. This PDX platform is the widest in an
academic institution, and it includes all the gastric cancer
histologic and molecular types identified by The Cancer
Genome Atlas. PDX histopathologic features were consistent
with those of patients' primary tumors and were maintained
throughout passages in mice. Factors modulating grafting rate
were histology, TNM stage, copy number gain of tyrosine
kinases/KRAS genes, and microsatellite stability status. PDX
and PDX-derived cells/organoids demonstrated potential use-

fulness to study targeted therapy response. Finally, PDX tran-
scriptomic analysis identified a cancer cell–intrinsic microsat-
ellite instability (MSI) signature,whichwasefficientlyexported
to gastric cancer, allowing the identification, among microsat-
ellite stable (MSS) patients, of a subset ofMSI-like tumorswith
commonmolecular aspects and significant better prognosis. In
conclusion, we generated a wide gastric cancer PDX platform,
whose exploitationwill help identify and validate novel "drug-
gable" targets and optimize therapeutic strategies. Moreover,
transcriptomic analysis of gastric cancer PDXs allowed the
identification of a cancer cell–intrinsic MSI signature, recog-
nizing a subset of MSS patients withMSI transcriptional traits,
endowed with better prognosis.

Significance: This study reports a multilevel platform of
gastric cancer PDXs and identifies a MSI gastric signature that
could contribute to the advancement of precisionmedicine in
gastric cancer.

Introduction
Gastric cancer is the fifth most common cancer and the third

leading cause of cancer mortality in the world (1). From a
histologic point of view, according to Lauren's classification, it
can be divided in threemain subtypes: intestinal, characterized by

a glandular or papillary structure, frequently originating from
intestinal metaplasia; diffuse, showing a poorly cohesive tissue
architecture;mixed, presenting areas of both intestinal anddiffuse
histology. The Cancer Genome Atlas (TCGA) analysis has pro-
posed a molecular classification of this disease (2), recognizing

1Department of Oncology, University of Torino, Candiolo, Italy. 2Candiolo
Cancer Institute, FPO-IRCCS, Candiolo, Italy. 3Department of Medical
Sciences, University of Torino, Italy. 4Department of Oncology, University
of Torino, Orbassano, Italy. 5Chirurgia Generale 2, Spedali Civili, Brescia, Italy.
6Surgical Oncology Unit, Surgical Science Department, ASST Bergamo Ovest,
Treviglio (BG), Italy. 7Department of Clinical and Experimental Sciences,
Surgical Clinic, University of Brescia, Italy. 8Medical Oncology Department,
Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy. 9Department of
Oncology and Hemato-oncology, University of Milan, Milan, Italy. 10Niguarda
Cancer Center, Grande Ospedale Metropolitano Niguarda, Milan, Italy. 11First

Department of General Surgery, Borgo Trento Hospital, University of Verona,
Verona, Italy. 12Gastroenterological Surgery Unit, IRCCS San Raffaele Hos-
pital, Vita-Salute University, Milan, Italy. 13Department of Medicine, Surgery
and Neurosciences, Unit of General Surgery and Surgical Oncology, Univer-
sity of Siena, Siena, Italy. 14Pathology Unit, Morgagni-Pierantoni Hospital,
Forl!", Italy. 15Department of Surgery, University of Insubria, Varese, Italy.
16Esophageal Surgery Unit, Medical University of Pisa, Pisa, Italy. 17Depart-
ment of Medical Oncology, Dana-Farber Cancer Institute, Boston, Massachu-
setts. 18Center for Cancer Genome Discovery (CCGD) Dana-Farber Cancer
Institute, Boston, Massachusetts.
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4.3.Paper n°3 
 

 

Vol.:(0123456789)1 3

Updates in Surgery 
https://doi.org/10.1007/s13304-020-00751-4

REVIEW ARTICLE

Patient-Derived Orthotopic Xenograft models in gastric cancer: 
a systematic review

Rossella Reddavid1  · Simona Corso2,3  · Daniel Moya-Rull3  · Silvia Giordano2,3  · Maurizio Degiuli1 

Received: 16 September 2019 / Accepted: 19 March 2020 
© Italian Society of Surgery (SIC) 2020

Abstract
Patient-Derived Xenografts (PDXs) are, so far, the best preclinical model to validate targets and predictors of response to 
therapy. While subcutaneous implantation very rarely allows metastatic dissemination, orthotopic implantation (Patient-
Derived Orthotopic Xenograft—PDOX) increases metastatic capability. Using a modified tool to analyze model validity, we 
performed a systematic review of Embase, PubMed, and Web of Science up to December 2018 to identify all original pub-
lications describing gastric cancer (GC) PDOXs. We identified ten studies of PDOX model validation from January 1981 to 
December 2018 that fulfilled the inclusion and exclusion criteria. Most models (70%) were derived from human GC cell lines 
rather than tissue fragments. In 90% of studies, the implantation was performed in the subserosal layer. Tumour engraftment 
rate ranged from 0 to 100%, despite the technique. Metastases were observed in 40% of PDOX models implanted into the 
subserosal layer, employing either cell suspension or cell line-derived tumour fragments. According to our modified model 
validity tool, half of the studies were defined as unclear because one or more validation criteria were not reported. Available 
GC PDOX models are not adequate according to our model validity tool. There is no demonstration that the submucosal site 
is more effective than the subserosal layer, and that tissue fragments are better than cell suspensions for successful engraft-
ment and metastatic spread. Further studies should strictly employ model validity tools and large samples with orthotopic 
implant sites mirroring as much as possible the donor tumour characteristics.

Keywords Gastric cancer · Stomach tumour · PDOX · Orthotopic transplantation · PDX · Model validity tool

Introduction

Gastric cancer (GC) is the third leading cause of cancer 
mortality worldwide (8.2%) after colorectal (9.2%) and lung 
(18.4%) cancers in both sexes combined [1]. In spite of rele-
vant improvements in surgery and preoperative and adjuvant 
chemotherapy, advanced and metastatic GC still show poor 
prognosis. Recent advances in knowledge of GC molecu-
lar biology and related signaling pathways provide hopeful 
strategies for targeted therapies treatment of the disease. So 
far, only two molecular therapies are worldwide approved: 
Trastuzumab (for HER2 + GCs) and Ramucirumab (target-
ing angiogenesis) [2, 3]. Very recently, Pembrolizumab has 
been approved as an immunostimulatory treatment in PDL1 
positive GCs [4].

To explore the molecular mechanisms supporting tumour 
growth and its responsiveness to medical treatment, animal 
models are very helpful. “At the moment, the best preclini-
cal model to validate targets and positive/negative predic-
tors of response to therapy is represented by Patient-Derived 

The manuscript has been kindly revised by Dr. James Hughes, a 
native English speaker.
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4.4.Paper n° 4 

 
  

Vol.:(0123456789)1 3
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ORIGINAL ARTICLE

Personalized therapeutic strategies in HER2-driven gastric cancer

Stefano Ughetto1,2 · Cristina Migliore1,2 · Filippo Pietrantonio3,4 · Maria Apicella2 · Annalisa Petrelli2 · 
Laura D’Errico1,2 · Stefania Durando2 · Daniel Moya-Rull2 · Sara E. Bellomo1,2 · Sabrina Rizzolio2 · Tania Capelôa2,16 · 
Salvatore Ribisi2 · Maurizio Degiuli5 · Rossella Reddavid5 · Ida Rapa5 · Uberto Fumagalli6,17 · Stefano De Pascale6,17 · 
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Annunziata Gloghini12 · Silvia Marsoni13 · Antonino Sottile2 · Ivana Sarotto2 · Anna Sapino2,14 · Caterina Marchiò2,14 · 
Paola Cassoni14 · Simonetta Guarrera2,15 · Simona Corso1,2 · Silvia Giordano1,2 

Received: 2 October 2020 / Accepted: 28 January 2021 
© The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2021

Abstract
Background Trastuzumab is the only approved targeted therapy in patients with HER2-amplified metastatic gastric cancer 
(GC). Regrettably, in clinical practice, only a fraction of them achieves long-term benefit from trastuzumab-based upfront 
strategy. To advance precision oncology, we investigated the therapeutic efficacy of different HER2-targeted strategies, in 
HER2 “hyper”-amplified (≥ 8 copies) tumors.
Methods We undertook a prospective evaluation of HER2 targeting with monoclonal antibodies, tyrosine kinase inhibitors 
and antibody–drug conjugates, in a selected subgroup of HER2 “hyper”-amplified gastric patient-derived xenografts (PDXs), 
through the design of ad hoc preclinical trials.
Results Despite the high level of HER2 amplification, trastuzumab elicited a partial response only in 2 out of 8 PDX mod-
els. The dual-HER2 blockade with trastuzumab plus either pertuzumab or lapatinib led to complete and durable responses 
in 5 (62.5%) out of 8 models, including one tumor bearing a concomitant HER2 mutation. In a resistant PDX harboring 
KRAS amplification, the novel antibody–drug conjugate trastuzumab deruxtecan (but not trastuzumab emtansine) overcame 
KRAS-mediated resistance. We also identified a HGF-mediated non-cell-autonomous mechanism of secondary resistance 
to anti-HER2 drugs, responsive to MET co-targeting.
Conclusion These preclinical randomized trials clearly indicate that in HER2-driven gastric tumors, a boosted HER2 thera-
peutic blockade is required for optimal efficacy, leading to complete and durable responses in most of the cases. Our results 
suggest that a selected subpopulation of HER2-“hyper”-amplified GC patients could strongly benefit from this strategy. 
Despite the negative results of clinical trials, the dual blockade should be reconsidered for patients with clearly HER2-
addicted cancers.

Keywords HER2 · Targeted therapy · Trastuzumab · Gastric cancer · Drug resistance

Introduction

Trastuzumab is the only approved targeted therapy in 
patients with metastatic gastric cancer (mGC) bearing 
overexpression/amplification of HER2, a molecular driver 
belonging to the Epidermal Growth Factor Receptor (EGFR) 
family of receptor tyrosine kinases (RTKs). Constitu-
tive activation of the HER2 pathway, usually due to gene 
amplification or mutations, has been observed in several 
solid tumors where it drives tumor growth, metastasis and 
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CLINICAL CANCER RESEARCH | TRANSLATIONAL CANCER MECHANISMS AND THERAPY

Optimized EGFR Blockade Strategies in EGFR Addicted
Gastroesophageal Adenocarcinomas
Simona Corso1,2, Filippo Pietrantonio3,4, Maria Apicella2, Cristina Migliore1,2, Daniela Conticelli1,2,
Annalisa Petrelli2, Laura D’Errico1,2, Stefania Durando2, Daniel Moya-Rull2, Sara E. Bellomo2,
Stefano Ughetto1,2, Maurizio Degiuli5, Rossella Reddavid5, Uberto Fumagalli6, Stefano De Pascale6,
Giovanni Sgroi7, Emanuele Rausa7, Gian Luca Baiocchi8, Sarah Molfino8, Giovanni De Manzoni9,
Maria Bencivenga9, Salvatore Siena4,10, Andrea Sartore-Bianchi4,10, FedericaMorano3, Salvatore Corallo3,
Michele Prisciandaro3, Maria Di Bartolomeo3, Annunziata Gloghini11, Silvia Marsoni2, Antonino Sottile2,
Anna Sapino2,12, Caterina Marchi!o2,12, Asa Dahle-Smith13, Zosia Miedzybrodzka14, Jessica Lee15,
Siraj M. Ali15, Jeffrey S. Ross15,16, Brian M. Alexander15, Vincent A. Miller15, Russell Petty17,
Alexa B. Schrock15, and Silvia Giordano1,2

ABSTRACT
◥

Purpose: Gastric and gastroesophageal adenocarcinomas
represent the third leading cause of cancer mortality worldwide.
Despite significant therapeutic improvement, the outcome
of patients with advanced gastroesophageal adenocarcinoma
is poor. Randomized clinical trials failed to show a signi-
ficant survival benefit in molecularly unselected patients with
advanced gastroesophageal adenocarcinoma treated with anti-
EGFR agents.

Experimental Design: We performed analyses on four cohorts:
IRCC (570 patients), Foundation Medicine, Inc. (9,397 patients),
COG (214 patients), and the Fondazione IRCCS Istituto Nazionale
dei Tumori (206 patients). Preclinical trials were conducted in
patient-derived xenografts (PDX).

Results: The analysis of different gastroesophageal adenocarci-
noma patient cohorts suggests that EGFR amplification drives
aggressive behavior and poor prognosis. We also observed that
EGFR inhibitors are active in patients withEGFR copy-number gain

and that coamplification of other receptor tyrosine kinases orKRAS
is associated with worse response. Preclinical trials performed on
EGFR-amplified gastroesophageal adenocarcinoma PDX models
revealed that the combination of an EGFR mAb and an EGFR
tyrosine kinase inhibitor (TKI) was more effective than each
monotherapy and resulted in a deeper and durable response. In
a highly EGFR-amplified nonresponding PDX, where resistance to
EGFR drugs was due to inactivation of the TSC2 tumor suppressor,
cotreatment with the mTOR inhibitor everolimus restored sensi-
tivity to EGFR inhibition.

Conclusions: This study underscores EGFR as a potential ther-
apeutic target in gastric cancer and identifies the combination of an
EGFR TKI and a mAb as an effective therapeutic approach. Finally,
it recognizes mTOR pathway activation as a novel mechanism of
primary resistance that can be overcome by the combination of
EGFR and mTOR inhibitors.

See related commentary by Openshaw et al., p. 2964

Introduction
Gastric and gastroesophageal adenocarcinomas represent the third

leading cause of cancer-related deaths worldwide. Despite the intro-
duction of novel systemic treatment options, the outcome of patients
with metastatic gastroesophageal adenocarcinoma (mGEA) is still
extremely unsatisfactory, with median overall survival (OS) of less
than 12 months in most clinical trials (1).

While the identification of specific molecular subtypes has had
profound implications for targeted strategies in other malignancies, the
same progress has only been partially realized for patients with mGEA.
Trastuzumab and ramucirumab (targeting HER2 and VEGFR2, respec-
tively) are theonly approved targeted agents inmGEA (2, 3),whereas the
promising role of immune checkpoint inhibitors, such as pembrolizu-
mab and nivolumab, still needs to be confirmed by randomized clinical
trials (RCT) performed in properly selected patient subgroups.
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Simple Summary: Despite recent advances in surgical techniques and in anticancer drugs, and the
adoption of perioperative treatments mostly based on conventional chemotherapy, the prognosis of
advanced and metastatic gastric cancer remains poor. In the last decade, the addition of molecular
therapy did not show any significant survival advantage, and the first reports available documented
an increase of the rate of severe adverse effects and related mortality. We conducted a literature
search for randomized trials investigating novel molecular agents as compared to conventional
chemotherapy. The outcomes were patients’ survival and the rates of tumor response and of severe
adverse effects (SAE). Although we did not find an increase of SAE, the survival benefits of novel
molecular therapies available to date for advanced and metastatic gastric cancer were rather unclear,
mostly due to inaccurate patient selection, particularly concerning oncogene amplification and
copy number.

Abstract: Many phase III trials failed to demonstrate a survival benefit from the addition of molecular
therapy to conventional chemotherapy for advanced and metastatic gastric cancer, and only three
agents were approved by the FDA. We examined the efficacy and safety of novel drugs recently
investigated. PubMed, Embase and Cochrane Library were searched for phase III randomized
controlled trials published from January 2016 to December 2020. Patients in the experimental arm
received molecular therapy with or without conventional chemotherapy, while those in the control
arm had conventional chemotherapy alone. The primary outcomes were overall and progression-free
survival. The secondary outcomes were the rate of tumor response, severe adverse effects, and quality
of life. Eight studies with a total of 4223 enrolled patients were included. The overall and progression-
free survival of molecular and conventional therapy were comparable. Most of these trials did not
find a significant difference in tumor response rate and in the number of severe adverse effects
and related deaths between the experimental and control arms. The survival benefits of molecular
therapies available to date for advanced and metastatic gastric cancer are rather unclear, mostly due
to inaccurate patient selection, particularly concerning oncogene amplification and copy number.

Keywords: gastric cancer; molecular target therapy; chemotherapy; EGFR inhibitors; angiogenesis
inhibitors; MET inhibitors

1. Introduction
Gastric cancer is one of the most frequent malignancies. It represents the fifth most

frequent cancer worldwide (5.6%) and the fourth leading cause of cancer-related death
(7.7%) with 768,793 deaths per year in 2020 [1].

Cancers 2021, 13, 4094. https://doi.org/10.3390/cancers13164094 https://www.mdpi.com/journal/cancers
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5. DISCUSSION 

In these last decades, the oncologic approach has rapidly shifted from a phenotype-based empirical 

treatment to a more personalized and patient-centered management, based on tumor genetic profile.  

This innovative strategy has led to significant results in neoplasms such as lung, breast, and colorectal 

carcinomas, where driver genes to which tumor cells are addicted have been identified. Unfortunately, 

the GC genetic landscape has been explored only very recently and only three molecular therapies 

are actually approved by the FDA for the treatment of GC (Trastuzumab, Ramucirumab and 

trastuzumab deruxtecan) (57,99,116). This is because most of phase III RCT studies failed to 

demonstrate the superiority of MT, with or without conventional CT, compared with conventional 

treatment alone or with placebo in terms of survival outcomes. 

Hence, there is an urgent need for further studies able to identify targetable drivers in this tumor. To 

deeply explore the molecular mechanisms sustaining tumor growth and response to therapy, animal 

models are very useful. To date, PDXs are the best preclinical model to validate targets and 

positive/negative predictors of response to therapy (117,118). Indeed, this strategy combines the 

flexibility of preclinical analyses with the informative value of population-based studies.  

We thus generated a molecularly annotated platform of gastro esophageal PDXs (the widest 

developed in an academic institution) by subcutaneous transplantation in NOD SCID mice, with the 

aim to identify and validate targets and optimize molecular treatments in GC. PDXs were generated 

by placing a sample of GC in a surgical performed subcutaneous pouch in mice’s leg. Tumor growth 

was followed weekly with a caliber measurement. The overall engraftment rate of our PDXs (42%) 

was in line with that described by other authors (119). However, we observed that this rate could be 

sensibly affected by some characteristics of the tumor. Indeed, the histology (intestinal vs. diffuse), 

the stage (advanced vs. early), the presence of alterations in RTK/KRAS genes and the MSS status 

(MSI vs. MSS) significantly increased tumor engraftment, which correlated with tumor 

aggressiveness. 

This platform also includes primary cell lines and 3D-coltured organoids. The availability of a 

comprehensive PDX platform allows to perform trials on a huge number of models sharing the same 

genetic mutation.  

The preclinical value of such a platform relies on some requirements: first, it must include the whole 

spectrum of the described histotypes; second, the PDXs must recapitulate the histopathologic, 
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biologic, and genetic features of donor tumors. Our gastro-esophageal PDXs platform entails all 

Lauren's histotypes,  including the diffuse subtype, unlike other PDX platforms which did not obtain 

PDXs from tumors of this subtype (119).  

In our study, gene expression profile was well conserved among the original tumors, PDXs, and the 

in vitro–derived material. Overall, PDX models retained the principal characteristics of donor tumors. 

Moreover, all molecular types according to TCGA classification and all the most frequent gastric 

cancer–based genomic alterations identified in public consortia were well represented in our platform. 

Hence, these results demonstrate that the platform captures the heterogeneity of human gastric 

tumors.  

The major problem of PDXs is that transplanted tumors are located in an abnormal microenvironment 

and most of them are encircled by a pseudocapsule. For these reasons subcutaneous implantation very 

rarely allows metastatic dissemination, whereas the orthotopic implantation of human tumour in mice 

(PDOX) better mimics the original microenvironment of the tumour itself, increasing its metastatic 

capability. Regrettably, our review of the literature documented the lack of validated and feasible GC 

PDOX models. We created a modified model validity tool to provide an ‘ideal set of validation 

criteria’ for PDOX animal models that could be adjusted and applied to other models or studies.  

In the meantime, we developed two novel techniques (tumor tracing and its implantation in 

submucosal coat) that allowed us to generate and validate a GC PDOX model that mimics the original 

microenvironment of the tumor, and which can be monitored in vivo. Indeed, we generated a tumor 

cell line producing green fluorescent protein (GFP) and luciferase by cell infection with the virus 

pRRLsIn.PPT.CMV.Luciferase.IresEMCwt.eGFP.pre. From these 2D cells we developed organoids, 

by seeding cells in a Matrigel dome. Organoids were trypsinized with Tryple 1x to avoid damage and 

injected subcutaneously in the mice. The cancer growth was checked by IVIS system one month later. 

This tumor was then additionally implanted in several other mice to create a PDX platform with the 

same GC line. Hence, one piece of this tumor was implanted into the submucosal layer of several 

mice’s stomach to develop a PDOX platform. PDOX tumor engraftment and appearance of 

metastases were monitored using IVIS technology in vivo. Pathologic analysis was performed after 

animal sacrifice. This new promising model of GC PDOX could be useful to text new MTs for gastric 

cancer. 

Based on this comprehensive PDX/PDOX platform we could identify a MSI/MSS signature that 

could help identify patients with different prognosis in the two groups. Despite their better clinical 

prognosis, MSI GCs were documented harbouring a more aggressive behavior in mice, testified by a 
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2-fold higher engraftment rate as compared with MSS tumors. This controversy is probably due to 

the MSI tumors’ high mutational burden that stimulates the activation of the human immune system 

resulting in a decreased aggressiveness of the cancer. Otherwise MSI tumors could unleash their full 

malignancy in PDX and PDOX because of their immunodeficiency.  

We performed a transcriptomic analysis on our PDX cohort that allowed the identification of a cancer 

cell–intrinsic MSI signature. Hence, we generated a MSI score to detect patients with lower 

recurrence rate; remarkably, our score was also able to identify some patients bearing MSS tumors 

endowed with MSI transcriptional traits who displayed better prognosis. This finding could lead to 

the selection of patients lacking the genetic MSI characteristics but displaying an MSI-like signature 

who could benefit from the treatment with Immuno or other PARP-type drugs. 

As a second important finding derived from platform data analysis, we could document the presence 

of selected concurring driver alterations in EGFR-amplified tumors. The simultaneous amplification 

of MET/HER2/KRAS and co-mutations of KRAS/PIK3CA/PTEN were demonstrated in 53% and 

35% of patients in the EGFR-amplified subgroups. We also identified mTOR pathway activation as 

a novel mechanism of resistance to EGFR targeted therapy and observed that it could be overcome 

by the combination of EGFR/mTOR inhibitors. This result points out that only a subgroup of patients 

with EGFR-amplified may significantly benefit from single agent anti-EGFR therapy.  Interestingly, 

the preclinical trials we performed on EGFR-amplified PDX models showed that the combination of 

an EGFR MAb with an EGFR TKI was more effective than each monotherapy and resulted in a 

deeper and durable response (120,121). These observations have important clinical implications 

showing that the optimization of the therapeutic efficacy can be achieved with a dual EGFR 

inhibition, and the identification of potential mechanisms of primary resistance could be useful for 

further experimentally driven clinical trials. The association of lapatinib and cetuximab has already 

proven safe in a phase I trial (122); furthermore second-generation antibodies mixtures against high-

affinity EGFR ligands, such as Sym004 and MM-151 (123,124), are into clinical evaluation, and the 

TORC signaling pathway is targetable with commercially available drugs.  

Finally, through comparing the efficacy of trastuzumab monotherapy versus a dual therapy 

(trastuzumab + pertuzumab or lapatinib) in the subpopulation of HER2-positive cancers, we 

documented that the response grade was significantly higher with the combos, leading to durable 

responses which in the evaluated cases did not relapse even after drug withdrawal. 

Our results are in line with literature data. Indeed several studies on HER2 “hyper”-amplified 

gastroesophageal cancers evidenced that the dual-HER2 blockade (trastuzumab plus either 

pertuzumab or lapatinib) led to complete and durable responses in more than  half of models (62.5%) 

(125–127). We also showed that in resistant PDXs harbouring KRAS amplification, the recently FDA 
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approved antibody–drug conjugate trastuzumab-deruxtecan overcame KRAS-mediated resistance. 

Indeed, the co-occurrence of HER2 amplification and KRAS genomic alterations has been observed 

in 5% of GC patients in the TCGA database. Overall our results suggest that the role of dual-HER2 

blockade strategies should be re-assessed by novel RCTs aimed at focusing the enrolment of patients 

with HER2-positive GC to those with “hyper”-amplified status. 
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6. CONCLUSIONS 

Targeted therapies are promising treatments for patients with locally advanced, metastatic, or 

recurrent gastric cancer as they are for other types of tumors. However, their clinical validation 

requires accurate patient selection, particularly related to driver oncogene amplification and copy 

number, and taking into account preclinical models investigating cancer heterogeneity and escape 

mechanisms. Preclinical trials can benefit from the use of animal models (PDX and PDOX) that 

represent valuable tools to validate molecular targets and positive/negative predictors of response to 

therapy. Novel studies on gastric cancer engrafted models should strictly employ model validity tools 

and larger samples with possibly orthotopic implantation sites, mirroring as much as possible the 

donor tumour characteristics and microenvironment.  
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8. APPENDIX  
 

Algorithm of standard treatments. 

 

 

a. European Society of Medical Oncology guideline 2016.  
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b. Japanese Gastric Cancer Association Guideline 2018 (5th Edithion).  
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c. National Comprehensive Cancer Network Guideline 2020.  


