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INTRODUCTION
The gastric carcinoma is the worldwide heath problem 
due to higher mortality rate. Although the mortality rate 
is decreasing in western countries, after that also gastric 
carcinoma remains the second most common cause of cancer 
related death.1 Gastric cancer can be found most commonly 
in Asian countries like, Japan, South Korea and China.2,3 The 
prognostic factors of gastric cancer mainly depends on the 
stage of lymph node metastasis and depth of tumor invasion.2,3 
Kim et al. study showed that deeper the tumor invasion 
lower the survival rate.2 95% cases of gastric cancer because 
of adenocarcinoma, others are like lymphomas, stromal 
tumor and rarely neuroendocrine cancer. Formerly surgical 
resection thought to be only option to cure gastric cancer.3 
But development of imaging technique helps us to assess 
the preoperative staging of gastric carcinoma. Furthermore 
advancement of chemotherapeutic agents can prolong the 
survival rate of patients suffering from gastric carcinoma. To 
evaluate the stages of cancer tumor/node/metastasis (TNM) 
is used frequently.4,5 Examine the preoperative staging 
ultrasonography, computed tomography and endoscopy are 
used frequently.6 Endoscopic ultrasonography is performed 
better to diagnose the degree of tumor stages.7,8 Although 
endoscopy technique is better but adopting MDCT for the 
diagnosis of cancer staging increases the accuracy of the 
technique.8-11 Also MDCT can diagnose the tumor invasion 
in lymp nodes and other organs.12 The recently developed 

multidetector row computed tomogrtaphy (MDCT) with 
16 or more channels and thin collimation can give 1mm 
thick and higher imaging resolution. All these advancement 
increases the diagnostic performance of MDCT while 
diagnose the stages of gastric carcinoma. The performance 
of magnetic resonance imaging over computed tomography 
in gastric cancer evaluation need to be studied in detail.13-15 
Therefore the aim of this present study is to evaluate the 
accuracy, sensitivity and specificity of MDCT in staging of 
gastric adenocarcinoma.

MATERIAL AND METHODS
The study was conducted during the period of 2 years from 
March 2017 and April 2019. A total of 50 patients with 
gastric adenocarcinoma without any prior treatment were 
examined by multidetector row computed tomography. 
Among all, 5 patients were excluded from the study because 
all of them clinically studied with metastatic disease. The total 
of 45 patients, 28 (62%) were men and 17 (38%) were female. 
During surgery time the patient’s age ranges between 33-84 
years. Adenocarcinoma cases were included and lymphomas 
were excluded from this study. 64-detector row computed 
tomography was used to get the radiograph from patients 
in 8 hrs prior fasting. Informed consent was collected from 
all the participants in the present study. The radiographs 
were compared with surgical and pathological data. Table 1 
showed the details about tumor and pathological staging.

A B S T R A C T

Introduction: The multidetector computed tomography is widely used imaging technique to assess preoperative staging of 
gastric carcinoma as well as regional lymph nodes, distant metastasis and gastric mass. The aim of this study was to evaluate 
the role of multidetector computed tomography in the diagnosis of tumor invasion depth and lymph node and metastatic 
involvement, in patients with gastric adenocarcinoma. 
Material and methods: 50 patients with biopsy-confirmed gastric cancer underwent preoperative staging with multidetector 
computed tomography. The accuracy, specificity and sensitivity of MDCT were calculated. 
Results: T categories accuracy falls between 80%-90%. The kappa index for the weighted was 0.75. The N category accuracy 
was between 65% to 80%. 89.6% accuracy showed in case of metastatic involvement. 
Conclusion: The present study demonstrates that MDCT performed better in evaluation of preoperative staging of gastric 
adenocarcinoma and metastatic involvement.
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Category T (6th ed.) Category T (7th ed.) Histological criteria Tomographic criteria
T1 T1 Invasion of the lamina propria 

(T1a) or submucosa (T1b)
Lesion non detectable at CT  
Focal thickening or abnormal enhancement of 
the gastric mucosa, with a preserved hypodense 
strip deep to the lesion, corresponding to the 
submucosal layer

T2 T2 or T3 Muscularis propria (T2) or subse-
rosal layer (T3) invasion

Thickening and abnormal enhancement involv-
ing the whole thickness of the gastric wall, with 
smooth external contour of the stomach

T3 T4A Extraserosal extension (invasion 
of the visceral peritoneum)

Thickening and abnormal enhancement in-
volving the whole thickness of the gastric wall, 
associated with linear or reticular striations 
extending towards the perigastric fat 

T4 T4B Invasion of adjacent organs/
structures

The above described alterations extend to adja-
cent organs/structures

Table-1: Histopathological staging and tomographic criteria

Category T  
(6th ed.)

Category T  
(7th ed.)

Sensitivity & 
Specificity

T1 T1 63% & 93%
T2 T2 or T3 60% & 76%
T3 T4A 70% & 84%
T4 T4B 82% & 98%

Table-2: Results of T staging of gastric cancer.

Category N (7th ed.) Sensitivity & Specificity
N0 90% & 75%
N1 12% & 67%
N2 20% & 85%
N3 37% & 100%

Table-3: Results of N staging of gastric cancer

Category M (7th ed.) Sensitivity & Specificity
M0 100% & 72%
M1 70% & 100%

Table-4: Results of M staging of gastric cancer 

RESULTS
In this study table 2 demonstrated the gastric carcinoma T 
staging. The MDCT showed sensitivity and specificity for 
T1 staging was 63% and 93%. Similarly for T2 or T3 staging 
sensitivity was 60% but specificity was 76%. The sensitivity 
and specificity of MDCT was 70% and 84% in the case of 
T4A staging. MDCT reported 82% and 98% sensitivity and 
specificity for T4B staging. The table 3 showed the data about 
gastric cancer N staging. In case of N0 staging, sensitivity of 
MDCT was higher around 90% and specificity was 75%. But 
MDCT showed very lower sensitivity for N1, N2 and N3 
staging which was 12%, 20% and 37% respectively. MDCT 
reported highest specificity of 100% for staging of N3. The 
specificity of N1 and N2 was moderate about 67% and 85%. 
Subsequently table 4 tells regarding cancer staging M. Where 
MDCT sensitivity was 100% for M0 staging and specificity 
was 72%. For M1 staging MDCT sensitivity and specificity 
was totally opposite to M0 staging, 70% and 100%. During 
preoperative finding all three cases were defined as MO and 
peritoneal metastasis was found intraoperatively and further 

confirmed by histopathological report.

DISCUSSION
In this study computed tomography performed well with 
higher accuracy rate in T staging cancer. 88-92% accuracy 
showed in the case of early gastric tumor stage. 86-96% accuracy 
rate revealed in the case of adjacent organ invasion. Although 
CT reported lower accuracy in differentiation between T2 
and T3 categories but it could not create any problem to 
manage these categories. Several studies reported accuracy 
rate between 66% to 88% for staging tumor invasion.16-21 The 
present study reported more numbers of advanced tumors. 
20% of cases showed T1 stage cancer. The study done by 
Yang et al. reported 40% T1 staging.21 According to that the 
accuracy is higher in T1 category, in turn which reduces the 
global accuracy of staging. Several studies done based on the 
6th edition of TNM staging system. In current scenario 7th 
edition showed better performance in categorization of T 
than 6th edition. In other way for the categorization of N 
staging 7th edition failed subsequently. There iss need of more 
clinical studies to evaluate the performance of 7th edition in 
preoperative staging. There are several studies which reported 
false positive result for the interpretation as tumor extension 
category T4A. Our study also reported 3 cases of T of T 
than 6th edition. In other way for the categorization of N 
staging 7th edition failed subsequently. There iss need of more 
clinical studies to evaluate the performance of 7th edition 
in preoperative staging. There are several studies which 
reported false positive result for the interpretation as tumor 
extension category T4A. Our study also reported 3 cases of 
T4A instead of T3 staging. For the evaluation of lymph node 
involvement it showed worst result. But in these cases CT 
showed accuracy of 79% with 90% and 74% sensitivity and 
specificity in categorization of N0. Therefore the CT method 
can demonstrate the absence of secondary lymph node 
involvement with better accuracy.24 Although CT results 
can correlate nicely between lymph node and neoplastic 
involvement but it has few limitations in demonstration of 
lymph node enlargement due to inflammation or normal 
size lymph node metastasis. CT showed 89.6% accuracy in 
categorization of metastatic disease. The metastasis can be 
due to lymphatic, haematogenous or peritoneal spread. There 



Karthikeyan B, et al. MDCT in Diagnosis of Gastric Carcinoma

D65

International Journal of Contemporary Medical Research  
International Journal of Contemporary Medicine Surgery and Radiology Volume 4 | Issue 4 | October-December 2019

ISSN (Online): 2565-4810; (Print): 2565-4802 | ICV 2018: 86.41 |

is limitation of CT in detection of secondary peritoneal 
tumor invasion.25 The present study showed M0 stage in 
preoperative staging with smaller secondary peritoneal 
implants. Another study by Yajima et al. reported the presence 
of ascities can tells about peritoneal carcinomas with 97% 
specificity and 51% sensitivity.26 Computed tomography 
has disadvantages like ionizing radiation exposure. Several 
CT performed in preoperative staging of gastric cancer in 
due radiation exposure rate is higher. Therefore more studies 
require proving the accuracy and usefulness of MDCT in 
gastric cancer staging. 

CONCLUSION
In recent scenario MDCT proved to be a better method 
to diagnose preoperative staging of gastric cancer. It has 
better accuracy rate in staging depth of tumor invasion and 
metastatic neoplastic cancer. 

REFERENCES
1. Miyahara R, Niwa Y, Matsuura T, et al. Prevalence 

and prognosis of gastric cancer detected by screening 
in a large Japanese population: data from a single 
institute over 30 years. J Gastroenterol Hepatol 2007; 
22(1):1435–1442.

2. Kim JP, Lee JH, Kim SJ, Yu HJ, Yang HK. 
Clinicopathologic characteristics and prognostic factors 
in 10783 patients with gastric cancer. Gastric Cancer 
1998; 1(3):125–133.

3. Adachi Y, Yasuda K, Inomata M, Sato K, Shiraishi N, 
Kitano S. Pathology and prognosis of gastric carcinoma: 
well versus poorly differentiated type. Cancer 2000; 
89(5):1418–1424.

4. Edge S, Byrd DR, Compton CC, et al. AJCC cancer 
staging handbook. 7th ed. New York: Springer-Verlag; 
2010. 

5. Lee MH, Choi D, Park MJ, et al. Gastric cancer: 
imaging and staging with MDCT based on the 7th 
AJCC guidelines. Abdom Imaging. 2012;37(2):531-40. 

6. Park SR, Kim MJ, Ryu KW, et al. Prognostic value 
of preoperative clinical staging assessed by computed 
tomography in resectable gastric cancer patients: a 
viewpoint in the era of preoperative treatment. Ann 
Surg. 2010;251(4):428-35. 

7. Furukawa K, Miyahara R, Itoh A, et al. Diagnosis of 
the invasion depth of gastric cancer using MDCT 
with virtual gastroscopy: comparison with staging 
with endoscopic ultrasound. AJR Am J Roentgenol. 
2011;197(6):867-75.

8. Moschetta M, Stabile Ianora AA, Anglani A, et al. 
Preoperative T staging of gastric carcinoma obtained by 
MDCT vessel probe reconstructions and correlations 
with histological findings. Eur Radiol. 2009;20(1):138-
45.

9. Kwee RM, Kwee TC. Imaging in assessing lymph node 
status in gastric cancer. Gastric Cancer. 2009;12(3):6-
22.

10. Kwee RM, Kwee TC. Imaging in local staging of 
gastric cancer: a systematic review. J Clin Oncol. 
2007;25(5):2107-16. 

11. Sohn KM, Lee JM, Lee SY, et al. Comparing MR 
imaging and CT in the staging of gastric carcinoma. 
AJR Am J Roentgenol. 2000;174(6):1551-7. 

12. Motohara T, Semelka RC. MRI in staging of gastric 

cancer. Abdom Imaging. 2002;27(2):376-83.
13. Habermann CR, Weiss F, Riecken R, et al. Preoperative 

staging of gastric adenocarcinoma: comparison of helical 
CT and endoscopic US. Radiology. 2004;230(4):465-
71.

14. Kumano S, Okada M, Shimono T, et al. T-staging of 
gastric cancer of air-filling multidetector-row CT: 
comparison with hydro-multidetector-row CT. Eur J 
Radiol. 2012;81(5):2953-60. 

15. Bhandari S, Shim CS, Kim JH, et al. Usefulness of three-
dimensional, multidetector row CT (virtual gastroscopy 
and multiplanar reconstruction) in the evaluation 
of gastric cancer: a comparison with conventional 
endoscopy, EUS, and histopathology. Gastrointest 
Endosc. 2004;59(1):619-26.

16. Sohn KM, Lee JM, Lee SY, et al. Comparing MR 
imaging and CT in the staging of gastric carcinoma. 
AJR Am J Roentgenol. 2000;174(3):1551-7. 

17. Motohara T, Semelka RC. MRI in staging of gastric 
cancer. Abdom Imaging. 2002;27(1):376-83. 

18. Habermann CR, Weiss F, Riecken R, et al. Preoperative 
staging of gastric adenocarcinoma: comparison of helical 
CT and endoscopic US. Radiology. 2004;230(3):465-
71. 

19. Kumano S, Okada M, Shimono T, et al. T-staging of 
gastric cancer of air-filling multidetector-row CT: 
comparison with hydro-multidetector-row CT. Eur J 
Radiol. 2012;81(5):2953-60. 

20. Bhandari S, Shim CS, Kim JH, et al. Usefulness of three-
dimensional, multidetector row CT (virtual gastroscopy 
and multiplanar reconstruction) in the evaluation 
of gastric cancer: a comparison with conventional 
endoscopy, EUS, and histopathology. Gastrointest 
Endosc. 2004;59(1):619-26. 

21. Shimizu K, Ito K, Matsunaga N, et al. Diagnosis of 
gastric cancer with MDCT using the water-filling 
method and multiplanar reconstruction: CT-histologic 
correlation. AJR Am J Roentgenol. 2005;185(4):1152-
8.

22. Yang DM, Kim HC, Jin W, et al. 64 multidetector-row 
computed tomography for preoperative evaluation of 
gastric cancer: histological correlation. J Comput Assist 
Tomogr. 2007;31(6):98-103.

23. Graziosi L, Marino E, Cavazzoni E, et al. Prognostic 
value of the seventh AJCC/UICC TNM classification 
of non-cardia gastric cancer. World J Surg Oncol. 
2013;11(1):103. 

24. Hayashi T, Yoshikawa T, Bonam K, et al. The superiority 
of the seventh edition of the TNM classification 
depends on the overall survival of the patient cohort: 
comparative analysis of the sixth and seventh TNM 
editions in patients with gastric cancer from Japan and 
the United Kingdom. Cancer. 2013;119(5):1330-7.

25. Mönig SP, Zirbes TK, Schröder W, et al. Staging 
of gastric cancer: correlation of lymph node size 
and metastatic infiltration. AJR Am J Roentgenol. 
1999;173(6):365-7.

26. Morgagni P, Petrella E, Basile B, et al. Preoperative 
multidetectorrow computed tomography scan staging 
for lymphatic gastric cancer spread. World J Surg Oncol. 
2012;10:1-5.

Source of Support: Nil; Conflict of Interest: None

Submitted: 02-07-2019; Accepted: 15-10-2019; Published online: 11-11-2019


