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Gastric cancer is one of the major malignancies in the world, with more than 1 000 000 
new diagnoses and 783 000 estimated deaths in 2018, making it the fifth most com-
monly diagnosed cancer and the third leading cause of cancer-related death world-

wide (1). There were 679 000 new cases and 498 000 deaths occurring in China, ranking in 
second place behind lung cancer in terms of morbidity and mortality (2). In recent years, 
the incidence, diagnostic criteria, and treatment strategy of gastric cancer have changed 
a lot. With the advancement of treatment methods, the application of neoadjuvant thera-
py and targeted drugs, the prognosis of patients with gastric cancer has been significantly 
improved. According to CONCORD-3 (3), from 2010 to 2014, the age-standardized five-year 
net survival of gastric cancer has reached 35.9% in China, making great progress compared 
with 2005–2009 (33.2%) and 2000–2004 (30.2%). 

Surgery remains the main curative treatment approach for gastric cancer, while the sur-
gical options and the extent of lymph node dissection depend on the tumor staging (4). 
With the development of endoscopic ultrasonography (EUS), computed tomography (CT), 
magnetic resonance imaging (MRI), positron emission tomography (PET), PET/CT, PET/MRI 
and laparoscopic exploration, the accuracy of preoperative staging in patients with gastric 
cancer has been significantly improved. Accurate preoperative staging is the basis for com-
prehensive treatment of gastric cancer, which plays an essential role in selecting optimal 
therapeutic approaches and predicting prognosis. In times of personalized therapy and 
multidisciplinary team approach for treatment, clinicians pay more and more attention to 
the value of medical imaging for the diagnosis and treatment in gastric cancer. 

In recent years, MRI has been increasingly applied in the clinical diagnosis and treatment 
of gastric cancer, which has high soft-tissue contrast and imaging capacity of multiangle, 
multidirection, and multiparameter. With the development of fast sequence, MRI provides 
high-resolution images and key information for lesion localization and qualitative diagnosis 
without radiation hazards. To reduce the motion artifacts due to gastric peristalsis, air and 
patient breathing, a series of methods were applied involving filling the stomach cavity by 
drinking water and oral contrast medium (800–1000 mL), administration of scopolamine, 
the application of breath-hold MRI techniques and so on. The basic MRI protocols for gas-
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ment of treatment methods, the application of adjuvant therapy and targeted drugs, the prog-
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more studies have reported that magnetic resonance imaging (MRI) showed great value in clin-
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response evaluation, predicting prognosis and histopathological features, treatment guidance, 
and molecular imaging. The remarkable research progress of MRI in gastric cancer will provide 
new evaluation and treatment approaches for clinical diagnosis and treatment. This article aims 
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gastric cancer.



MRI in diagnosis and treatment of gastric cancer • 177

tric cancer include the use of T1-weighted 
and T2-weighted sequences based on fast 
spin-echo and spoil gradient (5). Moreover, 
functional MRI, such as diffusion-weighted 
imaging (DWI) and intravoxel incoherent 
motion MRI (IVIM), has gained much atten-
tion in the application of tumor imaging, 
adding a wealth of information to anatomi-
cal (T1- and T2-weighted) and dynamic con-
trast-enhanced (DCE) MRI and providing 
notable contrast between tumor and nor-
mal structures (6, 7). The DWI protocols use 
at least two b values (b=0 s/mm2 and other b 
values from 0 to 1000 s/mm2), and the high 
b value images show greater signal attenu-
ation to detect the pathological lesions and 
have a reasonable signal-to-noise ratio. The 
apparent diffusion coefficient (ADC) is cal-
culated and generated as a parametric map. 
The region with higher signal intensity on 
DWI exhibits as a low-signal intensity on the 
ADC map. The ADC value can be obtained 
through drawing the region of interest (ROI) 
on these maps from the whole tumor lesion 
(8). The T2-weighted MRI is performed fol-
lowed by a DWI and a T1-weighted DCE MRI 
during intravenous injection of 0.1 mmol/
kg Gd-DTPA. Some newly developed tech-
niques such as free-breathing, radial, stack-
of-stars three-dimensional (3D) gradient 
echo (GRE) sequence have higher signal-to-
noise ratios, higher contrast-to-noise ratios 
and fewer artifacts, which possess potential 
value in DCE MRI of gastric cancer (9). 

The application of MRI has made great 
advancement in preoperative staging and 
perioperative evaluation of gastric cancer, 
including TNM staging, histopathological 
features, and perioperative therapeutic 
efficacy. Therefore, clinicians could deter-
mine the most appropriate surgical and 
treatment planning based on results from 
laboratory, imaging, and pathology. MRI 
has been widely demonstrated that it can 

serve as a useful tool in the local staging 
and assessment of treatment response for 
rectal cancer (10). Whereas, the application 
value of MRI in patients with gastric can-
cer has not yet reached consensus. In this 
review, we will introduce the clinical appli-
cation and progression of MRI related to 
preoperative staging, perioperative ther-
apeutic efficacy, prognosis, histopatho-
logical features, treatment guidance, and 
molecular imaging among patients with 
gastric cancer.

MRI in preoperative staging
Application of EUS and CT 

The eighth edition of the AJCC Cancer 
Staging Manual has separated the conven-
tional TNM classification system as the clin-
ical stage (cStage), the pathological stage 
(pStage) and the post-neoadjuvant therapy 
stage (ypStage). These additional two new 
stage grouping classifications will provide 
essential prognostic information and crit-
ical guidance for clinicians to make deci-
sions (11). EUS and CT are the preferred im-
aging modalities used to determine clinical 
TNM staging, while MRI and PET-CT serve as 
the imaging tool to further refine staging.

Currently, EUS and CT are widely used 
in assessing tumor depth invasion (T) and 
regional lymph node invasion (N). EUS com-
bined with endoscopy allows a unique op-
portunity to visualize the tumor and acquire 
a biopsy sample (12). In addition, EUS can 
detect all the wall layers of stomach and as-
sess the tumor infiltration depth efficiently 
(13), with the diagnostic accuracy ranging 
from 65% to 92.1% for T stage and 66% to 
90% for N stage (12, 14, 15). Multi-row detec-
tor computed tomography (MDCT) scanner 
has allowed faster scanning, multiplanar 
reconstructions, 3D image reconstruction, 
virtual endoscopy, and contrast-enhanced 
examination, which markedly improve the 
detection rate of gastric cancer (16–18). The 
overall diagnostic accuracy of MDCT was 
reported to range from 77.1% to 88.9% for T 
staging, and from 46% to 92% for N staging 
(12, 19–21). Furthermore, the CT of thorax 
and abdominopelvic region is the princi-
pal modality to evaluate M stage, with the 
sensitivity and specificity ranging from 14% 
to 59.1% and 93.3% to 99.8% (22). Of note, 
EUS is invasive and highly operator-depen-
dent, which is limited in detecting invasion 
outside the serosa and distant metastasis. 
Since MDCT involves ionizing radiation and 
contrast agents, it is unavailable for some 

special patients, such as pregnant women 
or patients with renal dysfunction. 

MRI to assess TNM classification
MRI has the significant merit of superior 

soft tissue contrast and multiple imaging 
sequences without radiation. More and 
more attention has been focused on its 
application in tumor detection and periop-
erative assessment among patients with 
gastric cancer. A number of previous stud-
ies have shown that MRI plays a remarkable 
role in preoperative staging, with an accura-
cy ranging from 71.4% to 88% for T staging 
and 52% to 55% for nodal involvement (12, 
23–25). A recent meta-analysis including 
439 patients with gastric cancer reported 
that pooled sensitivity and specificity of 
MRI to diagnose T stage (T3-4 vs. T1-2) were 
93% and 91%, and N stage (N0 vs. N+), 86% 
and 67%, respectively. 

Nowadays, DCE has been a routine tech-
nique in the MRI. Functional MRI, mainly 
DWI, has been increasingly used in assess-
ing TNM classification in gastric cancer, 
especially for patients who cannot bear 
enhanced CT scanning. A study enrolled 
51 patients with gastric cancer reported 
that the diagnostic accuracy of DWI in T 
staging, lymph node staging and distant 
metastasis was comparable to MDCT, and 
DWI performed better in detecting lymph 
nodes metastasis (26). Liu et al. (27) have 
highlighted the application of DWI in as-
sessing T stage for gastric cancer patients. 
They reported that the overall accuracy of 
T2-weighted+DCE+DWI in T staging was 
significantly higher compared to T2-weight-
ed+CE and T2-weighted+DWI. Caivano et 
al. (28) and Jang et al. (29) have shown that 
the combination of DWI and conventional 
MRI (T1- and T2-weighted ) can make an in-
crease of 7% , 5% and 13%, 6% in the T and 
N staging accuracy, respectively. In anoth-
er study, with the addition of DWI to con-
ventional MRI, an increase of 36.7% in the 
sensitivity for differentiating N stage was 
reported (30) (Fig. 1, Fig. 2).

Currently, the shape and size of lymph 
node is used as the diagnostic criteria for 
nodal metastasis, which is not a reliable 
indicator. Controversy persists in the crite-
ria of the diameter of the lymph nodes for 
metastasis due to the high frequency of re-
active or inflammatory enlargement of be-
nign lymph nodes and micrometastasis of 
small-sized lymph nodes in gastric cancer 
patients (31, 32). Indeed, the application of 
DWI and lymphotropic contrast agent have 

Main points

•	 In this review, we aimed to consolidate the 
recent research results on MRI application in 
gastric cancer.

•	 MRI showed remarkable performance in 
preoperative staging, treatment response 
evaluation, predicting prognosis and histo-
pathological features, treatment guidance, 
and molecular imaging of gastric cancer.

•	 Here, we offer a comprehensive and critical 
evaluation for this noninvasive and nonradia-
tive imaging modality.



greatly improved the diagnostic accuracy of 
nodal stages. A study supported that feru-
moxtran-10-enhanced MRI is efficient for 
the detection of metastatic lymph nodes. 
The sensitivity, specificity, and overall pre-
dictive accuracy can reach 100%, 92.6%, 
and 94.8%, respectively (33). 

The ADC value obtained from DWI has 
been used for quantitative analysis as an 
imaging biomarker, which offers exten-
sive information about tumor tissue for 
distinguishing malignant lesions from be-
nign ones and detecting metastatic lymph 
nodes (6, 7). Giganti et al. (34) reported that 
not only was the ADC values significantly 
lower in the local invasive tissue and meta-
static lymph nodes, but the lower ADC val-
ues were associated with the higher TNM 
classification as well. A similar result can 
also be observed in another study conduct-
ed by Liu et al. (35). Some previous studies 
have reported the value of DWI combined 
with ADC measurement to distinguish 
metastatic lymph nodes from benign ones 
in gastric cancer. With a cutoff value of 
1.39×10−3  mm2/s, Cheng et al. (36) found 
the ADC values could differentiate meta-
static nodes from benign ones with a sensi-
tivity of 85.7% and specificity of 79.4%. DWI 
showed higher diagnostic accuracy than 
the morphological measurements based 
on short-axis, border irregularity, and en-
hanced patterns. Both Shinya et al. (37) and 
Zhong et al. (38) reported the promising 
role of DWI in detecting lymph node metas-
tasis. In contrast, Hasbahceci et al. (39) sug-
gested that DWI should not be selected as 
the preferred imaging approach for lymph 
node staging in gastric cancer, as the over-
all accuracy in detecting metastatic lymph 
nodes were 69.56%, 65.21%, and 52.17% 
for group II, IIb, and IIa lymph nodes. The 
overall accuracy of N staging was only 13%, 
but the researchers acknowledged some 
limitations to their study, such as the small 
number of patients and lack of motion cor-
rection maneuvers. Therefore, combining 
DWI with CT or conventional morphological 
MRI could markedly improve the diagnostic 
performance for preoperative N staging in 
gastric cancer (Fig. 3).

Some previous studies have analyzed 
that DWI showed similar high diagnostic ac-
curacy in detecting distant metastases from 
gastrointestinal tumor compared with FDG-
PET/CT and MDCT, especially peritoneal im-
plants and small hepatic metastatic lesions 
(30, 40) (Fig.4). Lee et al. (41) analyzed pa-
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Figure 1. a–d. Early gastric cancer (T1 lesion). Axial T2-weighted MRI (a), axial dynamic 
contrast-enhanced (DCE) MRI (b), axial diffusion-weighted imaging (DWI, b=800 s/mm2) (c), 
and apparent diffusion coefficient (ADC) map (d) show a nodular mass (arrowhead) in the 
body of the stomach.

c

a

d

b

Figure 2. a–d. Advanced gastric cancer (T4 lesion). Axial T2-weighted MRI (a), axial DCE MRI (b), axial 
DWI (b=800 s/mm2) (c) and ADC map (d) show gastric wall thickening (arrowhead) in the antrum of 
the stomach.

c
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d

b
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tients with gastric cancer who underwent 
18F-FDG PET/MRI and MDCT, and demon-
strated that compared with MDCT, PET/MRI 
performed the comparable diagnostic ca-
pability in T and N staging and even showed 
higher accuracy in preoperative M staging 
(92.9% vs. 73.8%–81.0%). Recently a study 
reported that 18F-FDG PET/MRI performed 
more precisely in pretreatment TNM stag-
ing of gastric cancer compared with PET/CT, 
especially for N staging (T: 76.9% vs. 57.7%; 
N: 53.9% vs. 34.0%) (42). This promising mo-
dality exploits the superior soft-tissue con-
trast and functional imaging of MRI, which 
would provide high-resolution anatomic 
information for staging and evaluation.

MRI in evaluating treatment 
response

Surgery is the fundamental curative op-
tion for gastric cancer patients. The surgical 
procedure of regional gastric cancer (radical 
gastrectomy and D2 lymphadenectomy) is 
based on solid clinical evidence. However, 
most patients with gastric cancer are not 
diagnosed until advanced stage, with poor 
prognosis after surgical resection. In recent 
years, patients with locally advanced gastric 
cancer gradually underwent perioperative 

comprehensive treatment (43, 44). Imaging 
approaches are used to assess treatment re-
sponse of tumors by clinicians. The volume 
reduction of tumor lesions is difficult to be 
observed in the early period of therapy, 
which cannot serve as a good indicator to 
monitor treatment response. 

Compared with CT or conventional 
morphological MRI, DWI is able to detect 
subtle or early tumor changes (45, 46). 
Tumor regression grade (TRG) has been 
widely used as an indicator of response 
to treatment for tumors, as a five-level 
pathologic score system (47). A study con-
ducted by De Cobelli et al. (48) has shown 
significant negative correlation between 
ΔADC and TRG grades among patients 
with advanced gastro-esophageal cancer. 
Compared with non-responders (TRG 4-5), 
the pre-neoadjuvant therapy ADC values 
in responders (TRG 1-3) were lower and 
significantly increased after treatment. 
However, there was no evidence that ΔV 
was related to TRG in two groups, confirm-
ing that it is not appropriate to evaluate 
early treatment response through tumor 
volume reduction only (48). Similar subse-
quent results showed that both post-neo-
adjuvant therapy ADC and ΔADC values 

can serve as useful indicators to reflect 
therapy effectiveness (49). 

DWI can serve as a more sensitive tool 
to monitor metastatic lymph nodes re-
sponding to neoadjuvant chemotherapy 
in an early stage, compared with CT or con-
ventional morphological MRI. Zhong et al. 
(50) reported that the mean ADC values of 
metastatic lymph nodes on different time 
points following standard chemotherapy 
were all higher than those before chemo-
therapy in complete response group, partial 
response group, and stable disease group. 
Of note, the changes of mean ADC values 
of metastatic lymph nodes can be observed 
apparently as early as the third day of che-
motherapy. 

A preliminary study has demonstrated 
the feasibility of 18F-FDG PET/MRI in pa-
tients with unresectable advanced gastric 
cancers. However, both SUVmax and ADC 
values were not significantly different be-
tween responders and nonresponders after 
chemotherapy (51). Furthermore, some an-
imal studies have presented the potential 
value of IVIM-DWI in evaluating chemother-
apy response in gastric cancer. Of note, fast 
diffusion parameters derived from bi-expo-
nential IVIM model performed more sensi-
tively than ADC value (52, 53). The research 
progress in this field will promote more ac-
curate assessment of therapy effectiveness 
and individualized treatment strategy.

MRI in predicting 
histopathological features

In recent years, some studies have report-
ed that MRI can predict histopathological 
features of gastric cancer in a noninvasive 
way. Liu et al. (54) found that with decrease 
of histological differentiation from well to 
poor, the ADC values of tumor decrease 
gradually. In terms of the Lauren classifi-
cation, intestinal type tumors exhibited 
significantly higher ADC values over the 
diffuse type, which was related to more 
distorted and narrower intercellular spaces 
in the diffuse type. The same team recent-
ly reported that whole-volume ADC-based 
entropy parameters could provide valuable 
information about the gastric cancer’s ag-
gressiveness in the pretreatment (55). An-
other study demonstrated the correlation 
between entire tumor volume-based his-
togram analysis of the ADC maps and his-
tological differentiation degree of gastric 
cancer (56). In addition, parameters derived 
from DCE MRI, such as volume transfer coef-

Figure 3. a–d. Metastatic lymph node. Axial T2-weighted MRI (a), axial DCE MRI (b), axial DWI (b=800 
s/mm2) (c) and ADC map (d) show a metastatic lymph node (arrow) near the lesser curvature of the 
stomach.

c
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ficient (Ktrans) and extracellular extravascular 
volume fraction (Ve), could also predict his-
topathological classification and evaluate 
tumor new vessels in gastric cancer (57).

Nowadays, biopsy or surgical specimens 
from patients are carried out with immu-
nohistochemistry (IHC) or fluorescence in 
situ hybridization (FISH) to obtain the infor-
mation of human epidermal growth factor 
receptor-2 (HER2) scores and status. Ji et al. 
(58) reported that significantly higher ADC 
and pure diffusion coefficient (D) values 
measured from IVIM-MRI were found in HER2 
positive tumors than negative ones. In fur-
ther studies, they identified that the ADC and 
D values of tumor decreased gradually with 
decreasing histological differentiation. More-
over, intestinal type and mixed type tumors 
exhibited higher ADC and D values than the 
diffuse type (59). These IVIM-MRI based pa-
rameters could provide a new preoperative 
assessment method to obtain histopatholog-
ical information of stomach tumor.

MRI and molecular imaging
A new whole-body multimodality imag-

ing system combining 3D fluorescence im-
aging with MRI not only helped detect peri-
toneal micrometastasis from gastric cancer 

with high sensitivity, specificity, and safety 
at an early stage in mice, but it could also 
visualize accurate anatomical location of 
metastasis via fusing optical and MRI imag-
es (60). Another study showed that specific 
MRI/optical dual modality molecular probe 
could selectively gather in gastric tumor 
and specifically target new angiogenesis 
with high stability (61). Recently, a Chinese 
study found that micron-sized superpara-
magnetic iron oxide particle (MPIO) based 
cellular MRI tracking could be used to mon-
itor gastric cancer cells and detect regional 
lymph node micrometastases in mice (62). 
In addition, a new HER2-targeted MRI con-
trast agent, iron oxide nanoparticles conju-
gated with anti-HER2 single-chain antibody 
(scFv-IONPs), enabled HER2-specific tumor 
MRI (63). Some gastric cancer-targeting and 
MRI-visible nanocarriers for siRNA delivery, 
with molecular image tracing capacity, 
have been applied in the area of cancer di-
agnosis and therapy effectively (64, 65).

MRI and radiotherapy
MRI could directly show tumor and sur-

rounding structures at risk, which is a suit-
able and multifaceted imaging modality 
for radiotherapy. MRI-guided radiotherapy 

provides real-time imaging and superior 
soft-tissue contrast to describe and track 
morphological and anatomical motion, 
which enables daily adaptation of treat-
ment strategy based on interfraction and 
intrafraction due to geometric and anatom-
ical changes (66, 67). A recent case report 
described a recurrent gastric cancer patient 
with multiple comorbidities who under-
went MRI-guided adaptive radiotherapy 
(68). This new technology could offer more 
accurate definition of target and risk organ 
and individualized daily adaptation of ra-
diotherapy planning. Another case report 
suggested that DWI was superior in evalu-
ating the effect of hemostatic radiotherapy 
for unresectable advanced gastric cancer 
(69). Hence, imaging biomarkers derived 
from this system may predict the treatment 
response and accordingly modify the strat-
egy in a timely manner.

MRI in predicting prognosis 
The ADC values have been demonstrated 

to be associated with survival outcomes in 
patients with various types of cancer (70, 
71). Referring to final histological results, 
Giganti et al. (34) have shown that an ADC 
value of 1.36×10−3 mm2/s or lower was as-
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Figure 4. a–e. Hepatic metastasis lesion 
(arrowhead) near the portal vein of right lobe 
of the liver shows long T2 signals on axial T2-
weighted MRI (a), high signal intensity on axial 
DWI (b=800 s/mm2) (b), ring-enhancement 
on arterial phase axial DCE MRI (c), a weak 
enhancement on portal phase axial DCE 
MRI (d) and enhancement on DCE multi-row 
detector CT (e).
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sociated with a negative prognosis. A later 
prospective study has shown that ADC val-
ues of 1.5×10−3 mm2/s or lower could indi-
cate a poor outcome in both surgery alone 
and surgery with neoadjuvant chemothera-
py groups (72). 

Conclusion 
The current role of MRI in gastric cancer 

is as an imaging tool to further refine pre-
operative staging and treatment response 
evaluation, and provide more valuable 
information for diagnosis and treatment, 
particularly for patients who cannot receive 
iodine contrast agents and those with peri-
toneal implants and small hepatic meta-
static lesions. The application of MRI has not 
yet achieved wide consensus in the diagno-
sis and treatment of gastric cancer, while 
EUS and CT continue to be the primary 
imaging modalities in clinical decision mak-
ing. There is no standardization and criteria 
to define tumor depth invasion, regional 
lymph node and distant metastases on MRI. 
A worldwide consensus on criteria to pre-
cisely assess treatment response is urgently 
needed. Moreover, there is no uniform pro-
tocol for MRI scan and calculation method 
of ADC values in gastric cancer. Of note, the 
ADC values and ranges are inconsistent for 
pathological lesions and metastatic lymph 
nodes. The cystic and necrotic fraction and 
the cellular solid tumor areas show differ-
ent degrees of signal attenuation from wa-
ter molecules due to heterogeneity of the 
stomach tumor. Further research is needed 
to explore the application range and signif-
icance of MRI in gastric cancer.

In conclusion, this review highlights the 
remarkable value of MRI in diagnosing 
preoperative staging, assessing treatment 
response, predicting prognosis and histo-
pathological features of gastric cancer, and 
determining the most appropriate treat-
ment plan. With the improvements of scan 
technique, functional MRI, and MRI-based 
radiomics analysis, more and more experi-
mental studies and clinical trials will be con-
ducted, further affirming the advancement 
and reliability of MRI in gastric cancer. 
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