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Abstract: We evaluate the differences between primary diffuse large B-cell lymphoma (DLBCL) and mucosa-asso-
ciated lymphoid tissue (MALT) lymphoma of the stomach on multi-detector computed tomography (MDCT) to better 
define the radiological hallmarks of primary gastric lymphoma. We retrospectively reviewed the contrast enhanced 
MDCT scans of 33 patients with pathological diagnoses of DLBCL (n=23) and MALT lymphoma (n=10), as well as 1 
case of DLBCL associated with MALT lymphoma. The MDCT findings of each case were analyzed for tumor location, 
tumor type, gastric wall thickness, enhancement and infiltration of gastric serosa, and the presence of perigastric 
lymph nodes. The 23 DLBCL patients were subdivided based on the type of lesion observed on MDCT and included 
tumoral (n=5, 21.7%), nodular (n=1, 4.3%), ulcerative (n=5, 21.7%), and infiltrative types (n=12, 52.2%). The 10 
cases of MALT lymphoma were all classified as infiltrative on MDCT. The mean gastric wall thickness was 19.43 mm 
(range: 6-68 mm) in the DLBCL group compared to 10.75 mm (range: 6-22 mm) in the MALT lymphoma group. No 
statistically significant difference in gastric wall enhancement was noted between groups, though serosal infiltration 
was significantly greater in the DLBCL group (52.2% infiltrative) compared to the MALT lymphoma group (30.0% in-
filtrative). Relatively increased gastric wall thickness, gastric stenosis, epigastric serosal infiltration, and perigastric 
lymphadenopathy may be suggestive of DLBCL on MDCT. While classification of primary gastric lymphoma using 
MDCT may be possible, larger scale studies are necessary to determine the true radiological diagnostic potential.
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Introduction

Primary gastric lymphoma is relatively rare and 
constitutes only 3%-5% of malignant gastric 
lesions [1]. Two of the most common types of 
B-cell non-Hodgkin lymphoma (NHL) are muco-
sa-associated lymphoid tissue (MALT) lympho-
ma and diffuse large B-cell lymphoma (DLBCL). 
Lymphomas of the gastrointestinal (GI) tract 
have diverse radiological manifestations and 
may mimic a variety of diseases and malignan-
cies. Differentiation between low-grade extra-
nodal marginal zone B-cell lymphoma-MALT 
lymphoma-and other types of B-cell NHL is criti-
cal due to their differing treatments and prog-
noses [2].

Several imaging modalities have been pro-
posed for the pretreatment evaluation and 

staging of upper GI tumors including an upper 
GI series, ultrasonography, computed tomogra-
phy (CT), and magnetic resonance imaging. 
These modalities have been widely used in the 
detection of abdominal tumors with a 60-90% 
diagnostic accuracy [3, 4]. The most common 
imaging modality is a barium study or CT, and 
multi-detector computed tomography (MDCT) 
provides a very good mean for disease stag- 
ing.

MALT lymphomas associated with Helicobacter 
pylori infection are usually low-grade and have 
very similar radiological presentations to other 
NHL’s on CT. We evaluate the differences 
between DLBCL and MALT lymphoma of the 
stomach on MDCT from a series of patients 
treated at our institution in order to better 
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define the radiological hallmarks of these pri-
mary gastric lymphomas.

Materials and methods

Patient selection

Forty-eight consecutive cases of pathologically 
diagnosed primary gastric lymphoma at our 
institution from January 2003 to April 2010 
were reviewed. Of these 48 patients, 15 did not 
have any record of MDCT and were excluded. 
Additional inclusion criteria were the absence 
of any palpable or superficial lymph nodes, nor-
mal chest radiography, and no involvement of 
the liver or spleen. All activities pertaining to 
this study were approved by our hospital’s 
Institutional Review Board and informed con-
sent was obtained for by each patient includ- 
ed.

MDCT protocol

All of the patients underwent MDCT following 
routine GI endoscopy for the biopsy of gastric 

lesions. Prior to scanning, each patient was 
given 600 mL of water to drink in order to dis-
tend the stomach wall. Twenty-one patients 
underwent MDCT using 16-slice MDCT scanner 
(LightSpeed H16; GE Healthcare) and 12 
patients were scanned with a 64-slice MDCT 
(Volume CT; GE Healthcare). CT scanning 
parameters were 120 or 140 kVp, 250 mA, 
35x35-cm FOV, 0.9375 pitch, and 0.5-s gantry 
rotation time. Contrasted-enhanced scans 
were performed using a non-ionic iodinated 
contrast agent (Ultravist; Schering, Berlin, 
Germany) administered via the antecubital vein 
at a rate of 1.5-3.0 mL/sec with a 20-gauge 
needle and an automatic injector. CT was per-
formed in the late arterial phase (start delay of 
40 s), in the portal venous phase (70 s), and in 
the delayed phase (150 s). The late arterial and 
delayed phases were used to evaluate the 
stomach wall thickness and degree of enhan- 
cement.

Imaging analysis

Two abdominal radiologists independently in- 
terpreted the MDCT imagery and were blind to  
previous endoscopic and histologic findings. 
Each radiologist was asked to evaluate the 
MDCT for the location of gastric involvement, 
lesion morphology, gastric wall thickness, the 
Hounsfield units (HU) of the thickened stomach 
wall, narrowing of the gastric cavity, and infiltra-
tion of the gastric serosa or perigastric lymph 
nodes.

Gastric lesions were divided into categories 
based on their main anatomical location-includ-
ing fundal, body, angular, and antral-and were 
further classified as either nodular, ulcerative, 
or infiltrative types (Figure 1). Thickness of the 
gastric wall was measured at the most promi-
nent point of thickening and gastric enhance-
ment was measured on portal images using a 
region of interest. The presence of perigastric 
lymph nodes was considered when any nodes 
were greater than or equal to 10 mm in diame-
ter [5].

Statistical analysis

Statistical analysis was performed using SPSS 
(Version 11.0; SPSS Inc.). Outcomes were de- 
scribed as percentages and data was analyzed 
using a t-test. Results were considered signifi-
cant for P values less than 0.05.

Table 1. The demographic and clinic informa-
tion of included patients

DLBCL patients 
(n=23)

MALT lymphoma 
(n=10)

Male (n) 11 5
Female (n) 12 5
Mean age (year) 49.8 57.4
Age range (year) 17-71 37-90
DLBCL, diffuse large B-cell lymphoma; MALT; mucosa-
associated lymphoid tissue.

Figure 1. Regions of the Stomach. The stomach is di-
vided into four segments, the fundus, body, antrum, 
and pylorus.
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Results

Patient characteristics

Of the 33 patients, 23 were pathologically diag-
nosed with DLBCL, including 11 men and 12 
women with a mean age of 49.8 years (range: 
17-71 years); 10 patients were pathologically 
diagnosed with MALT lymphoma, including 5 
men and 5 women with a mean age of 57.4 
years (range: 37-90 years) (Table 1). Most 
patients complained of dull pain in the upper 

abdomen that was persistent, paroxysmally 
increased, and non-radiating. No patients re- 
ported diarrhea, vomiting, blood in the stool, 
fever, chills, jaundice, exhaust defecation, 
hematuria, urinary urgency, chest tightness, 
palpitations, headache, cold sweat, chills, skin-
stained yellow sclera, or other symptoms. 
However, 3 patients with GI obstruction experi-
enced nausea and vomiting in hospital.

Tumor location

Of the 23 DLBCL patients, 2 cases were consid-
ered fundal, 6 cases were considered body, 1 
cases was angular, 11 were antral, 2 involved 

Figure 2. Contrast-enhanced multi-detector com-
puted tomography showing diffuse large B-cell lym-
phoma of the stomach in a 49-year-old male. Diffuse 
gastric wall thickening (diameter: 17 mm) and homo-
geneous enhancement (72 HU) of the gastric body is 
observed with mild perigastric infiltration.

Figure 3. Contrast-enhanced multi-detector com-
puted tomography showing mucosa-associated lym-
phoid tissue lymphoma of the stomach in a 61-year-
old female. Diffuse wall thickening of the gastric 
antrum (diameter: 9.5 mm) is observed with minimal 
contrast-enhancement (48 HU).

Figure 4. Diffuse large B-cell lymphoma of the stom-
ach in an 81-year-old female who presented with 
epigastric pain. A. Contrast-enhanced multi-detector 
computed tomography showing diffuse homoge-
neous gastric wall thickening with perigastric infil-
tration. B. A spot radiograph from a double-contrast 
upper gastrointestinal study showing a mass with 
luminal narrowing in the antrum.
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the whole stomach, and 1 did not have any vis-
ible lesions. Of the DLBCL patients 8 cases 
were involved more segments. Of the 10 MALT 
lymphoma patients, 5 cases were considered 
body, 3 were angular, and 2 were antral.

Gastric wall thickness

In the DLBCL group, 5 cases were classified  
as tumoral (21.7%), 1 as nodular (4.3%), 5  
as ulcerative (21.7%), and 12 as infiltrative 
(52.2%). Gastric wall thickness ranged from 6 
to 68 mm with an average wall thickness of 
19.43±15.53 mm (Figure 2). In MALT lympho-
ma group, all cases were classified as infiltra-
tive (100%). Gastric wall thickness ranged from 
6 to 22 mm with an average wall thickness  
of 10.75±5.08 mm (Figure 3). The gastric wall 
thickness of the DLBCL group was significantly 
larger than that of the MALT lymphoma group 
(19.4±15.5 vs 10.8±5.1, P=0.038).

Gastric wall enhancement

In the DLBCL group the average enhancement 
was 58.76 HU compared to 55.15 HU in the 
MALT lymphoma group (Figures 2 and 3). The 
degree of gastric wall enhancement did not  
differ significantly between the two groups 
(58.8±11.3 vs 55.2±12.2, P=0.835).

Narrowing of the gastric cavity and serosal 
infiltration

In the DLBCL group, 13 cases (56.5%) of steno-
sis and 12 cases (52.2%) of epigastric serosal 

infiltration were observed (Figure 4). In the 
MALT lymphoma group, none of the patients 
had gastric stenosis and 3 patients (30.0%) 
had epigastric serosal infiltration (Figure 5). 
Using the independent sample t-test analysis, 
there was a statistically significant difference 
between the gastric cavity narrowing and epi-
gastric infiltration between groups.

Perigastric lymph nodes

In the DLBCL group, 16 cases (69.6%) had one 
or more enlarged lymph nodes around the left 
gastric artery, right gastric artery, pyloric lymph 
nodes, and/or celiac lymph nodes. In 5 cases 
(21.7%), lymph nodes were fusion-like clumps 
with some stomach obstruction. In the MALT 
lymphoma group, only 2 cases (20%) of intra-
abdominal lymph nodes were observed in the 
same locations as the DLBCL group.

Discussion

MALT lymphoma is an indolent low-grade pri-
mary extranodal small B-cell lymphoma where-
as DLBCL is an aggressive high-grade lympho-
ma with a poor prognosis and a high rate of 
recurrence [2, 6]. It has been reported that 
more than 70% of cases of gastric MALT lym-
phoma are due to Hp infection and anti-Hp ther-
apy in MALT lymphoma is an important early 
treatment [7, 8]. For aggressive lymphomas, 
early radiation therapy can result in complete 
remission in up to 90% of cases [7, 9]. Therefore, 
the early identification of these two types of 
lymphoma has real prognostic value.

Figure 5. Mucosa-associated lymphoid tissue lymphoma of the stomach in a 68-year-old male. A. Minimally con-
trast-enhanced multi-detector computed tomography of the stomach showing minimal segmental thickening of the 
wall in the mid-body. B. Endoscopic photo showing an ulcerative-type lesion in the body of the stomach.
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Conventional upper GI double barium studies 
and gastroscopy only show the gastric lumen 
from the inside, whereas spiral CT clearly shows 
the gastric mucosa and lumen as well as any 
external gastric cavity lesions. As the spatial 
resolution of MDCT and density contrast con-
tinues to improve, MDCT can better assess 
gastric thickness and the involvement of epi-
gastric lymph nodes and other organs. MDCT 
has become routine for inspecting malignant 
tumors of the stomach [8-12].

Gastric lymphoma can have well diversified 
manifestations on CT. In the DLBCL group, 
82.6% of cases had involvement of the gastric 
antrum and/or body including 8 cases involv- 
ing two or more segments. In the MALT lympho-
ma group, the gastric antrum and body were 
involved in 100% of cases.

Some reports have suggested the presence of 
lymphoma if the thickness of the gastric wall is 
greater than 10 mm [13]. In the present study 
the DLBCL group had 5 cases classified as 
tumoral (21.7%), 1 as nodular (4.3%), 5 as 
ulcerative (21.7%), and 12 as infiltrative (52.2%) 
with an average gastric wall thickness of 
19.43±15.53 mm. These findings are similar to 
other reports in the literature [8, 10, 14]. In the 
present MALT lymphoma group, all cases were 
classified as infiltrative with an average gastric 
wall thickness of 10.75±5.08 mm. While thick-
ening of the gastric wall is involved in both 
types of primary gastric lymphomas, with 
increased here in DLBCL group 12 patients 
(52.2%) and MALT lymphoma group 3 patients 
(30.0%) had epigastric serosal infiltration.

The density of gastric lymphomas is relatively 
constant with hardly any internal necrosis or 
small focal necrosis. In our DLBCL group, 19 
patients had homogeneous enhancement and 
2 had heterogeneous enhancement. One case 
with central areas of low-density indicating 
hemorrhage could have been related to necro-
sis. Additionally, 1 case had no significant 
enhancement and no lesion was observed. In 
the MALT lymphoma group, all 10 cases show- 
ed homogeneous enhancement and diffuse 
thickening of the gastric wall which may be due 
to the extensive edema caused by infiltration 
[14, 15]. Thus, primary DLBCL group with MALT 
lymphoma group compared the early involve-
ment of the mucosal surface layer with homo-
geneous enhancement.

Levine et al. reported that stenosis in gastric 
lymphoma, caused by the accumulation of a 
large number of tumor cells, resulted in no 
destruction of cells without fibroblastic activity 
[16]. In this study, 13 cases (56.5%) of DLBCL 
had mild gastric wall thickening without obs- 
truction. In 2 DLBCL cases, invasion and nodu-
lar changes of the whole stomach causing nar-
rowing of the stomach cavity were noted, but 
there were no obvious signs of obstruction. In 
the MALT lymphoma group, gastric wall thicken-
ing was less than that observed in the DLBCL 
group and no stenosis found. Additionally, the 
gastric serosal surface and perigastric space 
are used to determine the presence of gastric 
lymphoma [17].

Although CT is very sensitive to observing peri-
gastric lymph nodes, there are limitations and 
the rate of observations is less than that pro-
vided by PET/CT scan-though lymph node 
metastasis is rare [18]. In DLBCL group, 16 
cases (69.6%) showed one or more enlarged 
lymph nodes (≥10 mm). In 5 cases (21.7%), the 
lymph nodes were fusion-like clumps with com-
pression of stomach. In the MALT lymphoma 
group, only 2 patients (20%) had lymph nodes 
enlargement. These findings are similar to com-
parable reports in the literature.

This study is limited by its retrospective nature 
and the small number of subjects-especially 
within the MALT group. Additionally, this study 
only compares two types of B-cell NHL.

Conclusion

Relatively increased gastric wall thickness and 
the presence of gastric stenosis, epigastric 
serosal infiltration, and perigastric lymphade-
nopathy may be suggestive of DLBCL on MDCT. 
While classification of primary gastric lympho-
mas may be possible using MDCT, larger scale 
studies are necessary to determine the true 
radiological diagnostic potential.
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