
 

* Corresponding author: Shin Young Park, Department of Nuclear Medicine, Konyang University Hospital, 
685 Gasuwon-dong, Seo-gu, Daejeon 302-718, Korea. Tel: 82-42-600-9280; Fax: 82-42-600-9280; E-mail: 
sangchurabi@naver.com 

© 2014 mums.ac.ir All rights reserved.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited. 
 
 
 

 
 
 
 

18F-FDG PET/CT of advanced gastric carcinoma and 
association of HER2 expression with standardized uptake 
value  Jin Suk Kim1,3,  Shin Young Park2,3* 1 Department of Nuclear Medicine, Konyang University College of Medicine, Daejeon, Korea 2 Department of Pathology, Konyang University College of Medicine, Daejeon, Korea 3 Konyang University Myunggok Medical Research Institute, Daejeon, Korea 

A R T I C L E   I N F O  A B S T R A C T

Article type: Original article  

Objective(s): Expression of HER2 in gastric carcinoma has direct prognostic and therapeutic implications in patient management. The aim of this study is to determine whether a relationship exists between standardized uptake value (SUV) and expression of HER2 in advanced gastric carcinoma.  
Methods: We analyzed the 18F-FDG PET/CT results of 109 patients that underwent gastrectomy for advanced gastric carcinoma. The 18F-FDG PET/CT imaging was requested at the initial staging before surgery. The examinations were evaluated semi-quantitatively, with calculation of maximum standardized uptake values (SUVmax). The clinicopathologic factors, including HER2 overexpression, were determined from tissue obtained from the primary tumor. Metabolic and clincopathologic parameters were correlated using a t-test, one way ANOVA and chi-square test.  
Results: Immunohistochemically, 26 patients (23.8%) showed HER2 overexpression. This overexpression was significantly associated with high SUV level (P=0.02). The SUV level was significantly correlated with tumor size (P=0.02) and differentiation (P<0.001), and Lauren histologic type (P=0.04). Multivariate analysis showed HER2 overexpression, large tumor size, and differentiation (P=0.022, P=0.002, P<0.001) were significantly correlated with the high level of SUV in advanced gastric carcinoma. No association was found between SUV and T stage and lymph node metastasis. A receiver-operating characteristic curve demonstrated a SUVmax of 3.5 to be the optimal cutoff for predicting HER2 overexpression (sensitivity; 76.9%, specificity; 60.2%).  
Conclusion: An association exists between high SUV and HER2 overexpression and 18F-FDG PET/CT could be a useful tool to predict the biological characteristics of gastric carcinoma. 

Article history: Received:    9  Oct 2013 Revised:     11 Nov 2013 Accepted:   28 Nov 2013  
 

Keywords:  Advanced gastric carcinoma HER2 PET-CT 
     

►Please cite this paper as: Kim JS, Park SY. 18F-FDG PET/CT of advanced gastric carcinoma and association of HER2 expression with standardized uptake value. Asia Oceania J Nucl Med Biol. 2014; 2(1):12-18.  
Introduction  Gastric carcinoma is the fourth most common cancer in the world, and it is the second most common cause of death from cancer (1). Early detection of this cancer is increasing due to diagnosis technology advancements and increased frequency of checkups. The 5-year survival rate for gastric

 cancer has been showing an increasing trend (2). However, advanced gastric carcinoma (AGC) is still frequently detected, and prognosis of AGC is not promising despite current treatments that include curative gastrectomy and combination chemotherapy (2). The gene for human epidermal growth factor 
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receptor 2 (HER2) protein (also known as c-erbB2) is a transmembrane tyrosine kinase receptor and a member of the epidermal growth factor receptor family (3). overexpression of HER2 has been found to promote tumorigenesis and to be involved in the pathogenesis of several human cancers (4). Overexpression of HER2 and amplification of the HER2 gene in breast carcinoma has been associated with poor prognosis (5). However, HER2 status has become an important predictive biomarker for treatment with HER2 inhibitors such as trastuzumab (Herceptin○R, Roche) and the tyrosine kinase inhibitor lpaptinib (Tyberb○R/Tykerb○R, GSK) (6). Amplification and overexpression of HER2 have been reported in malignancies other than breast carcinoma, such as colon, prostate, lung and gastric carcinomas (7-9). Trastuzumab has recently been shown to improve the prognosis of HER2-positive AGC (10). Combination chemotherapy, that consists 5-fluorouracil (5-FU) or capecitabine plus cisplatin with trastuzumab, has shown a significantly higher response rate and resulted in a longer survival than chemotherapy alone (10). HER2 has shown to be predictive for the treatment with trastuzumab in AGC as well as breast carcinoma (10).  PET imaging with 18F-fluorodeoxyglucose (FDG) is an important noninvasive technique that is frequently applied in the diagnosis and staging of different type of cancer. The degree of 18F- FDG uptake in lung carcinoma, lymphoma, and esophageal carcinoma also correlates well with validated prognostic markers (11). In gastric carcinoma, however, attempts to correlate 18F-FDG uptake with known prognostic markers have been disturbed by technical limitations, various histological types, and normal physiologic FDG uptake. In the present study, we investigated the relationship between SUVmax in AGC and clinicopathologic factors including HER2 status.  
Methods 
Patients Between August 2007 and December 2011, 109 patients underwent gastrectomy for AGC and were studied with 18F-FDG PET/CT before surgery. None of these patients was treated with preoperative chemotherapy or radiation therapy. For the purpose of this study, the following characteristics were recorded from patient’s clinical charts. Primary tumor features included 

tumor size, differentiation, Lauren histologic type, T stage, lymph node metastasis, lympho vascular invasion, and perineural invasion. The median tumor size was taken as the standard (median tumor size=4.8 cm), and the study defined tumors more than 5 cm in size as large tumors. The T stage was classified according to the American Joint Committee on Cancer Staging (AJCC), seventh edition (12).  
18F ‐FDG‐PET/CT imaging Before 18F-FDG PET/CT scanning, all patients fasted for at least 6 hours, and blood glucose levels were less than 180 mg/dl. Scanning was initiated one hour after intravenous administeration of 7.4 MBq/Kg 18F-FDG. Images were obtained using a Gemini TF PET/CT scanner (Phillips Medical Systems, Cleveland, OH). Low-dose CT scan was obtained for attenuation correction, and the PET scan was followed at 1 min per bed position. PET images were reconstructed using 3D RAMLA (Row Action Maximum Likelihood Algorithm) with the CT data sets for attenuation correction.  A region of interest (ROI) was placed in the primary lesion, including the highest uptake area, and maximum standardized uptake values (SUVmax) in the ROI were calculated.   
Immunohistochemistry Paraffin blocks with representative areas of the tumors were cut into 4 µm thick tissue sections. Endogenous activity was quenched by incubation with 3% hydrogen peroxide for 30 minutes after deparaffinization and hydration. Antigen retrieval was subsequently carried out. The primary antibody used in this investigation was C-erbB2 (1:600; polyclonal, DAKO). Diaminobenzidine was used as a chromogen, and the slides were counterstained with hematoxylin.   

 
Figure 1. Immunohistochemical results for HER2 in gastric carcinoma.  HER2 scores 3+ (A), 2+ (B), 1+ (C), and 0 (D). 
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Table 1. SUVmax and overexpression of HER2 in gastric carcinoma and association with clinicopathologic factors. 
Category 

SUVmax HER2 overexpression (%) (mean±SD*) P 0,1 2,3 PTumor size  0.02  0.53<5 cm 3.5±2.3 46 (55.4) 14 (53.8)  ≥5 cm 5.6±3.8 37 (44.6) 12 (46.2)  Differentiation  <0.001  0.22Differentiated 5.9±3.1 42 (50.6) 16 (61.5)  Poorly differentiated 2.8±2.3 41 (49.4) 10 (38.5)  Histologic type by Lauren  0.04  0.71Intestinal 5.8±3.1 45 (75.0) 15 (25.0)  Diffuse 2.8±2.4 36 (76.6) 11 (23.4)  Mixed 3.5±0.7 2 (100.0) 0 (0.0)  T stage  0.70  0.61T2 3.4±3.6 23 (27.7) 8 (30.8)  T3 4.5±3.6 31 (37.3) 7 (26.9)  T4 5.3±3.5 29 (34.9) 11 (42.3)  LN metastasis  0.10  0.57Absent 3.3±3.8 22 (26.5) 7 (26.9)  Present 4.9±4.5 61 (73.5) 19 (73.1)  Distant metastasis  0.84  0.44Absent 4.5±4.3 76 (91.6) 23 (88.5)  Present 4.2±3.2 7 (8.4) 3 (11.5)  Lymphovascular invasion  0.07  0.14Absent 3.2±3.7 21 (25.3) 10 (38.5)  Present 5.0±4.5 62 (74.7) 16 (61.5)  Perineural invasion  0.49  0.43Absent 4.8±4.1 42 (50.6) 12 (46.2)  Present 4.2±4.0 41 (49.4) 14 (53.8)  HER2 overexpression    Negative 3.9±2.1 0.02   Positive 6.3±3.7   * Standard deviation  All sections were evaluated by a pathologist who was blinded to the clinical characteristics of the patients. The pathologist scored slides as 0, 1+, 2+, or 3+ according to the DAKO manual for interpretation of HER2 staining (Figure 1). In this study, as in breast carcinoma, intensity scores of 2 and 3 were assumed to be positive for overexpression.  
Statistical analysis Statistical analysis was performed with the Statistical Package for Social Sciences (SPSS) version 17.0. The correlations between levels of SUVmax and clinicopathologic factors, including HER2 overexpression, were evaluated using a t-test and one way ANOVA. The correlations between HER2 overexpression and clinicopathologic factors were evaluated using a chi-square test. Multiple linear regression analysis was performed to select independent clinicopathologic factors associated with SUVmax. To identify an optimal cutoff value of SUVmax for the prediction of HER2 overexpression, receiver-operating characteristic (ROC) analysis 

was performed. Significance was considered as a 
P‐value of less than 0.05. 
 
Results 
Patient characteristics The patients included 80 (73.4%) males and 29 (26.6%) females with a mean age at the time of surgery of 63 years (age range, 34–87 years); 94 (86.2%) cases with tubular adenocarcinoma, 12 (11.0%) cases with signet ring cell carcinoma, and 3 (2.8%) cases with mucinous carcinoma. The mean tumor size was 4.9 cm (range, 1.2 to 18.0 cm); 58 (53.2%) cases were differentiated and 51 (46.8%) cases were poorly differentiated; 31 (28.5%) tumors were T2, 38 (34.8%) were T3, and 40 (36.7%) were T4. Lymph node metastasis and distant metastasis were observed in 73.4% and 9.2%, respectively.   
Correlation  of  SUVmax  with  clinicopathologic 
factors The mean SUVmax for all 109 patient was 4.5, ranging from 0 to 21.7. The correlations of the level of SUVmax with clinicopathologic factors are  
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Figure 2. A case of negative HER2 immunostaining of advanced gastric carcinoma (Moderately differentiated tubular adenocarcinoma, pT4aN1, tumor size: 3×2.5cm). Upper gastrointestinal endoscopy view (A) and enhanced CT (B) showed ulcerative mass in the lesser curvature of gastric antrum. 18F- FDG PET-CT image (C) revealed focal increased FDG uptake in gastric antrum (SUVmax = 3.5). C-erbB2 immunostaining (D) showed negative result.  

 
Figure 3. A case of 3+ HER2 immunostaining of advanced gastric carcinoma (Moderately differentiated tubular adenocarcinoma, pT4aN1, tumor size: 4.2×4cm). Upper gastrointestinal endoscopy view (A) and enhanced CT (B) showed ulcer fungating mass in the posterior wall of gastric antrum. 18F- FDG PET-CT image (C) revealed marked increased FDG uptake in gastric antrum (SUVmax = 19.7). HER2 immunostaining (D) showed strong complete membrane staining.  

 
Figure 4. Receiver-operator characteristics (ROC) curve of SUVmax for predicting HER2 overexpression. The area under the ROC of SUVmax was 0.637. The sensitivity and specificity of dichotomized SUVmax (at cutoff value 3.5) were 76.9% and 60.2%, respectively. presented in Table 1. The levels of SUVmax were significantly higher in large tumors than in small [≥5 cm, <5 cm, (5.6±3.8 vs. 3.5±2.3),  P=0.02]. The mean level of SUVmax was significantly lower in poorly differentiated carcinoma than in differentiated carcinoma (2.8±2.3 vs. 5.9±3.1, 
P<0.001). The levels of SUVmax were significantly higher in intestinal type tumors than in diffuse type tumors (5.8±3.1 vs. 2.8±2.4, P=0.04). No 

association was found between SUVmax and T stage, lymph node metastasis, distant metastasis, lymph-vascular invasion, or perineural invasion.  
Correlation  of HER2  overexpression with 
SUVmax and clinicopathologic factors Immunohistochemically, 26 patients (23.8%) showed positivity for overexpression of HER2. The correlations of HER2 overexpression with clinicopathologic factors are presented in Table 1. The mean level of SUVmax in the tumor groups with scores 0 and 1+ was 3.9±2.1 and in the tumor groups with a score 2+ and 3+ was 6.3±3.7. The difference in SUVmax between the two groups was significant (P=0.02) (Figure 2, 3).  A ROC curve of the SUVmax was plotted in order to predict HER2 overexpression. An area under the curve of 0.637 (P=0.036; 0.51<95% C.I.<0.75) was obtained (Figure 4). ROC curve demonstrated a SUVmax of 3.5 to be the optimal cutoff for predicting HER2 overexpression. The sensitivity of SUVmax for HER2 overexpression was 76.9% and its specificity was 60.2%.  No association was found with HER2 overexpression and tumor size, T stage, lymph node metastasis, distant metastasis, lymphovascular invasion, and perineural invasion. 
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Associations  of  SUVmax with  clinicopathologic 
factors by multiple linear regression analysis HER2 overexpression, larger tumor size, and differentiation (P=0.022, P=0.002, P<0.001) independently influenced the status of SUVmax in a multiple linear regression analysis (Table 2). The correlation coefficient (R2) of parameters with SUVmax was 0.212.  
Table 2. Associations of SUVmax with clinicopathologic factors by multiple linear regression analysis 

Variables βa±SEb Adjusted 
R2 

P
value 

Tumor size 0.272±0.803 0.212 0.002
Differentiation -0.498±1.118  <0.001
Histologic type by 
Lauren 0.203±0.746  0.094 
HER2 
overexpression 0.199±0.932  0.022 a Regression coefficient b Standard errors  

Discussion We evaluated the clinicopathologic characteristics and level of SUVmax of 109 cases with surgically resected AGCs. Our key findings include following: 1) The mean level of SUVmax is significantly higher in the group with HER2 overexpression; 2) The levels of SUVmax are significantly associated with tumor size, differentiation, and status of Lauren histologic type; 3) HER2 overexpression, tumor size, and differentiation are an independent significant indicator of the level of SUVmax in AGC. SUV, a quantitative parameter commonly used in 18F-FDG PET/CT imaging, can provide information on aggressive tumor behavior. Previous studies have shown that the parameters for aggressiveness of cancer cells were strongly correlated with high levels of SUVmax (13). In our study, the mean SUVmax level was significantly higher in intestinal type gastric carcinoma than in the diffuse type. We also found that the mean SUVmax level was significantly lower in poorly differentiated tumors than in differentiated tumors. Cancer cells over express glucose transporter-1 (GLUT-1), which is located in the cell membrane and facilitates the active uptake of 18F-FDG (14). Diffuse type gastric carcinomas, including signet ring cell carcinomas, display a consistently low detectability by 18F-FDG PET/CT (15, 16). This result is due to higher expression of GLUT-1 on the cell membrane of intestinal type gastric carcinoma (14, 17). Other factors influencing the low FDG uptake in diffuse type gastric carcinoma are the low tumor cell density and 

rich stroma (18). In addition to the Lauren classification, tumor size of gastric carcinomas was significantly associated with the level of SUVmax (16, 19, 20). FDG uptake is influenced by the number of metabolically active tumor cells (14). The larger the tumor size, the higher SUV is expected. Our results coincide with the findings of these previous studies.  Several studies also showed that a high SUVmax level was associated with lymph node metastasis. Oh et al (19) and Mochiki et al (20) reported that lymph node metastasis is associated with the level of SUVmax. In the present study, no association was found with the level of SUVmax and lymph node metastasis. Although not statistically significant (P=0.07), the mean SUVmax level was higher in tumors with lymphovascular invasion than in tumors without lymphovascular invasion. The HER2 gene has been recognized as a key regulator in the development of different type of tumors (21). Upon ligand binding, the receptors dimerize, are phosphorylated, and transduce intracellular signals that regulate cell prolifration, differentiation, and survival (21). In cancer formation, HER2 acts as an oncogene that regulates the proliferation, invasion, and apoptosis of cancer cells (22). Overexpression of HER2 protein was first described in gastric cancer in 1986 (23) and has since been correlated with poor outcome and a more aggressive disease (21, 22). Moreover, HER2 expression has become an increasingly important target for gastric carcinoma therapy (10). Several studies reported that the expression rate of HER2 varied from 4.4% to 53.4%. It was 23.8% in our study. This variability in the rate of HER2 expression is thought to arise from the use of non-standardized assays and different scoring criteria.  Many studies have demonstrated either an association or no association between HER2 overexpression and other factors including T stage, tumor grade, lymph node metastasis, and presence of metastasis (24). Hence, a definitive conclusion cannot be drawn from the literature regarding the association of HER2 overexpression with clinicopathologic markers. The only positive association of HER2 overexpression was with intestinal type gastric carcinoma (24, 25).  In the present study, HER2 overexpression showed no association with tumor size, differentiation, Lauren histologic type, T stage, lymph node metastasis, distant metastasis, lymphovascular invasion, or 
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perineural invasion. Standardization of HER2 testing procedures and interpretation is an essential step to ensure accurate and reproducible results. In our study, the mean SUVmax level was significantly higher in cases of HER2 overexpression (score 2+ or 3+), and multivariate analysis showed that HER2 overexpression was independently influenced by the level of SUV in AGC. Therefore, the SUVmax of AGC might be a predictive factor for HER2 overexpression. This is supported by the result of the ROC curve, and the cutoff value of SUVmax was 3.5 (sensitivity 76.9%, specificity 60.2%). In contrast, Han et al (16) reported no correlation of the level of SUVmax with HER2 expression. The explanation for this difference is probably the application of different scoring criteria and the different range of patients. In the study by Han 
et al, HER2 positivity was defined as expression over 10%, excluding intensity. However, in our study, the patients were limited to those with AGC and the tumor groups were categorized into scores of 0 or 1+ versus scores of 2+ or 3+, taking into account both expression area and intensity. Further investigation is needed to characterize the mechanism underlying the association of high SUVmax with HER2 overexpression. In conclusion, our results showed that a high SUVmax level is associated with HER2 overexpression, large tumor size, intestinal histologic type, and tumor differentiation in AGC. It might be possible to predict the biological characteristics of AGC using 18F-FDG PET/CT, but further studies are required to determine the clinical significance of the SUV level and its usefulness as biomarker of HER2 expression.   
Acknowledgment This work was supported by Konyang University Myunggok Research Fund of 2011.  
Conflicts of Interest No potential conflict of interest relevant to this article was reported.  
References 1. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer. 2010; 127(12):2893-917. 2. Park JM, Kim YH. Current approaches to gastric cancer in Korea. Gastrointest Cancer Res. 2008; 2(3):137-44. 

3. Press MF, Cordon-Cardo C, Slamon DJ. Expression of the HER-2/neu proto-oncogene in normal human adult and fetal tissues. Oncogene. 1990; 5(7):953-62. 4. Moasser MM. The oncogene HER2: its signaling and transforming functions and its role in human cancer pathogenesis. Oncogene. 2007; 26(45): 6469-87. 5. Ross JS, Slodkowska EA, Symmans WF, Pusztai L, Ravdin PM, Hortobagyi GN. The HER-2 receptor and breast cancer: ten years of targeted anti-HER-2 therapy and personalized medicine. Oncologist. 2009; 14(4):320-68. 6. Jorgensen JT, Nielsen KV, Ejlertsen B. Pharmaco-diagnostics and targeted therapies - a rational approach for individualizing medical anticancer therapy in breast cancer. Oncologist. 2007; 12(4):397-405. 7. Bongiorno PF, Whyte RI, Lesser EJ, Moore JH, Orringer MB, Beer DG. Alterations of K-ras, p53, and erbB-2/neu in human lung adenocarci-nomas. J Thorac Cardiovasc Surg. 1994; 107(2): 590-5. 8. Morris MJ, Reuter VE, Kelly WK, Slovin SF, Kenneson K, Verbel D, et al. HER-2 profiling and targeting in prostate carcinoma. Cancer. 2002; 94(4): 980-6. 9. Schuell B, Gruenberger T, Scheithauer W, Zielinski C, Wrba F. HER 2/neu protein expre-ssion in colorectal cancer. BMC Cancer. 2006; 6:123. 10. Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki A, et al. Trastuzumab in combination with chemotherapy versus chemo-therapy alone for treatment of HER2-positive advanced gastric or gastro-oesophageal junction cancer (ToGA): a phase 3, open-label, random-ised controlled trial. Lancet. 2010; 376(9742): 687-97. 11. Fletcher JW, Djulbegovic B, Soares HP, Siegel BA, Lowe VJ, Lyman GH, et al. Recommendations on the use of 18F-FDG PET in oncology. J Nucl Med. 2008; 49(3):480-508. 12. Edge SB BD, Compton CC, Fritz AG, Greene FL, Trotti A, editor. AJCC cancer staging manual 7ed: New York, NY: Springer; 2010. 13. Ueda S, Tsuda H, Asakawa H, Shigekawa T, Fukatsu K, Kondo N, et al. Clinicopathological and prognostic relevance of uptake level using 18F-fluorodeoxyglucose positron emission tomog-raphy/computed tomography fusion imaging (18F-FDG PET/CT) in primary breast cancer. Jpn J Clin Oncol. 2008; 38(4):250-8. 14. Kawamura T, Kusakabe T, Sugino T, Watanabe K, Fukuda T, Nashimoto A, et al. Expression of glucose transporter-1 in human gastric carcin-oma: association with tumor aggressiveness, metastasis, and patient survival. Cancer. 2001; 92(3): 634-41. 15. Stahl A, Ott K, Weber WA, Becker K, Link T, Siewert JR, et al. FDG PET imaging of locally advanced gastric carcinomas: correlation with 



 
 
 

Kim JS et al  HER2 expression correlation with SUV 

18  Asia Oceania J Nucl Med Biol. 2014; 2(1):12-18. 

 

 

endoscopic and histopathological findings. Eur J Nucl Med Mol Imaging. 2003; 30(2):288-95. 16. Han EJ CW, Chung YA et al. Comparision between FDG uptake and clinicopathologic and immun-ohistochemical parameters in pre-operative PET/CT Scan of primary gastric carcinoma. Nucl Med Mol Imaging. 2009; 42(1):26-34. 17. Kim WS KY, Jang SJ, Kimm K, Jung MH. Glucose transporter 1 (GLUT1) expression is associated with intestinal type of gastric carcinoma. J Korean Med Sci. 2000; 15:420-4. 18. Yamada A, Oguchi K, Fukushima M, Imai Y, Kadoya M. Evaluation of 2-deoxy-2-[18F]fluoro-D-glucose positron emission tomography in gastric carcinoma: relation to histological subtypes, depth of tumor invasion, and glucose transporter-1 expression. Ann Nucl Med. 2006; 20(9): 597-604. 19. Oh HH, Lee SE, Choi IS, Choi WJ, Yoon DS, Min HS, et al. The peak-standardized uptake value (P-SUV) by preoperative positron emission tomography-computed tomography (PET-CT) is a useful indicator of lymph node metastasis in gastric cancer. J Surg Oncol. 2011; 104(5):530-3. 

20. Mochiki E, Kuwano H, Katoh H, Asao T, Oriuchi N, Endo K. Evaluation of 18F-2-deoxy-2-fluoro-D-glucose positron emission tomography for gastric cancer. World J Surg. 2004; 28(3):247-53. 21. Lastraioli E, Romoli MR, Arcangeli A. Immunohistochemical biomarkers in gastric cancer research and management. Int J Surg Oncol. 2012; 2012:868645. 22. Dang HZ, Yu Y, Jiao SC. Prognosis of HER2 over-expressing gastric cancer patients with liver metastasis. World J Gastroenterol. 2012; 18(19): 2402-7. 23. Sakai K, Mori S, Kawamoto T, Taniguchi S, Kobori O, Morioka Y, et al. Expression of epidermal growth factor receptors on normal human gastric epithelia and gastric carcinomas. J Natl Cancer Inst. 1986; 77(5):1047-52. 24. Chua TC, Merrett ND. Clinicopathologic factors associated with HER2-positive gastric cancer and its impact on survival outcomes--a systematic review. Int J Cancer. 2012; 130(12):2845-56. 25. Jorgensen JT HM. HER2 as a prognostic marker in gastric cancer - A systematic analysis of data from the literature. J Cancer. 2012; 3:137-44. 
 




