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Background: In recent years, with the development of imaging technology, the accurate diagnosis of
precancerous lesions of digestive system and early lymphoma has attracted wide attention in the medical field.

Methods: In this study, 82 patients with gastrointestinal diseases, including 32 patients with early
gastrointestinal lymphoma and 50 patients with gastrointestinal precancerous lesions, underwent dynamic
contrast-enhanced computed tomography (CT) scanning. The difference (31, 02) and ratio (Q1, Q2) of
density between arterial phase, portal phase and plain scan were measured and compared, and the receiver
operating characteristic (ROC) curve of the subjects was drawn.

Results: The results showed no statistically significant differences in the general condition of patients
or a difference for the results of the arterial phase J1 and QI between the two groups (P>0.05). However,
the portal venous phase 02 and Q2 in the early lymphoma group and in precancerous lesion group were
29.50£6.05, 41.55+10.10 Hounsfield units (HU), and 1.70+0.05, 2.06+0.31, respectively. The area under
the ROC curve (AUC) values for 02 and Q2 to identify the two diseases were 0.755 and 0.878, respectively.
When 02 and Q2 were 35.63 and 1.86 HU, the specificity was 89.60% and 67.50%, and sensitivity was
89.60% and 64.90%, respectively. When the two indexes, 02 and Q2, were combined, the specificity and
sensitivity of diagnosis were 98.99% and 56.80%, respectively.

Conclusions: Dynamic contrast-enhanced CT can effectively distinguish early gastrointestinal lymphoma

from precancerous lesions and improve the diagnostic accuracy.
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Introduction

There are two types of malignant lymphoma: malignant
tumors of the lymph nodes and malignant tumors of tissues
beyond the lymph nodes. It is a malignant tumor mainly of
lymphocytes in the body (1). Lymphoma can occur at any
age, but mostly in middle and young age and there are more
male patients than female patients (incidence ratio =3:1) (2).
In China, malignant lymphoma ranks 8th among new cases of
all tumors and 10th among new cases of female tumors, with
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an incidence of about 6-7 cases per 100,000 (3). In clinical
pathology, lymphoma is generally divided into Hodgkin’s
lymphoma and non-Hodgkin’s lymphoma (NHL), the latter
being one of the cancers with the fastest increasing incidence,
accounting for >90%. To date, the etiology and pathogenesis
of lymphoma are not clear, and most researchers consider
that it is related to psychological stress, blood transfusion,
viral infection, immune suppression caused by the treatment

of other diseases such as organ transplantation and industrial
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environmental pollution (4,5).

Gastrointestinal lymphoma originates from the
gastrointestinal tract, and includes gastric and small intestine
lymphoma and immune deficiency-associated lymphoma. It
is relatively rare; most cases are NHL, and B-cell lymphoma
is common (6). Among gastrointestinal lymphoma, the
highest incidence rate is gastric lymphoma, followed by small
intestinal lymphoma and colon lymphoma. The specific
pathogenesis is unclear at present, but some experts speculate
that it is related to interaction of internal and external
factors that disturbs homeostasis, resulting in abnormal
proliferation and differentiation of lymphocytes (7).
Several findings have led to this speculation. (I) It has been
associated with bacterial infections such as Helicobacter
pylori (HP) (8). (II) Chromosomal aberrations (structural
aberration or chromosome number abnormality such as
deletion, translocation, and insertion) are identified in
>90% of patients with lymphoma (9). (III) The incidence
of gastrointestinal lymphoma is increased by the long-term
effects of physical and chemical factors or high doses of
radiation (10). (IV) Retroviruses can infect T lymphocytes in
human body, and the acquired immune deficiency syndrome
(AIDS) virus is a retrovirus. About 5-10% of AIDS patients
develop lymphoma, especially of the small intestine (11). (V)
Primary lymphoma of the small intestine is caused by many
diseases, as well as immune dysfunction (12).

It is well known that the occurrence and development
of malignant tumors is a long and complex process from
normal epithelial cells to simple hyperplasia to atypical
hyperplasia to carcinoma in situ to invasive cancer,
precipitated by carcinogenic factors. The scientific
consensus is that precancerous lesions begin with atypical
hyperplasia (13), but the occurrence and development of
cancer is not inevitable. Nevertheless, the vast majority
of cancers have obvious precancerous lesions. Thus,
identifying precancerous lesions at the early stage of the
disease is a very valuable opportunity for early diagnosis and
treatment (14,15).

With medical endoscopy becoming more commonly
performed in recent years, precancerous lesions of the
digestive system and early-stage lymphoma have attracted
the attention of the medical community (16). If accurate
early diagnosis can be made and the most effective early
treatment is implemented, the survival rate of patients will
be remarkably increased and their quality of life improved.
Complete cure can be achieved (17).

Dynamic computed tomography (CT) scan is a method
of scanning after intravenous injection of water-soluble
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contrast agent, which can improve the density difference
between the lesion and adjacent tissues to reflect the lesion
and improve the display rate of the lesion. It has been
widely used in recent years, especially in the differential
diagnosis of lymphoma, which has obvious advantages
over conventional imaging (18). Dynamic enhanced CT
is used by clinicians to make a preliminary judgment of
pathological changes and then effective treatment measures
are implemented (19,20).

In this study, we used dynamic enhanced CT to explore
its diagnostic value in differentiating early gastrointestinal
lymphoma from precancerous lesions, thus providing a
theoretical basis for the differential diagnosis of these two
diseases in clinical practice. We present the following article
in accordance with the STARD reporting checklist (available
at https://tcr.amegroups.com/article/view/10.21037/tcr-22-
1085/rc).

Methods
General data

The study group comprised 82 patients with gastrointestinal
lesions admitted to the Department of Gastroenterology of
Huizhou Municipal Central People’s Hospital from May
2018 to May 2021. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by ethics board of Huizhou Municipal
Central People’s Hospital (No. kyll120210108) and informed
consent was taken from all the patients. All patients
complained of long-term abdominal discomfort.

The inclusion criteria were: age between 16 and 82
years; recurrent abdominal discomfort (abdominal pain,
abdominal distention), hiccups, acid reflux, loss of appetite,
body fatigue, and other symptoms; all relevant clinical data
available; suspicious lesions found by routine gastroscopy,
such as abnormal morphology on the surface of gastric
mucosa or abnormal morphology of microvessels or even
disappearance, clear lesions, mucosal congestion, swelling,
granular appearance, and erosion, consistent with relevant
diagnostic and treatment guidelines (21).

The exclusion criteria were: coagulation dysfunction;
unable to tolerate the examination method; digestive tract
obstruction or esophageal varices; respiratory tract infection
within the past 3 months; serious dysfunction of heart,
liver, spleen, kidney, lung, or other organs; pregnancy or
lactation; history of radical treatment of HP infection or
a history of gastric surgery; participation in other clinical
trials simultaneously; history of taking nonsteroidal anti-
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Figure 1 Comparison of general data between the two groups

revealed no statistically significant difference in age or sex (P>0.05).

inflammatory drugs in the past 6 months; abnormal mental
or cognitive function; advanced gastric cancer, gastric
polyps, or gastric bleeding diagnosed by gastroscopy.

CT scanning

All patients underwent CT examination by a 64-slice spiral
CT scanner Lightspeed VCT (GE Company, Boston, USA).
Patients were asked to fast for 4-6 h and drink 800-1,200 mL
of water 45 min before the scan, as well as another 250 mL
of water when entering the CT room. The patients lay
supine during the scan. An AN'T200200 CT double-cylinder
high-pressure syringe (Antecedent Medical Co., Ltd.,
Shenzhen, China) was used to inject 85-110 mL of contrast
agent (ioversol 320, iodine content 1 mL:320 mg I) through
the median cubital vein at a flow rate of 2.0 mL/s. The
scanning delay times were 30 and 50 s. Dynamic enhanced
CT scanning was implemented in the arterial and portal vein
phases, which required patients to hold their breath. The
scanning range was from the upper diaphragm to the lower
margin of both kidneys, with the following parameters:
scanning layer thickness 5.0 mm, scanning layer spacing
5.0 mm, tube voltage 120 kV, and tube current 220 mA.

CT imaging analysis

The final analysis of the CT images was performed by two
experienced radiologists: a resident with 5 years of clinical
experience, and an associate chief physician with 12 years of
clinical experience. The size of the region of interest (ROI)
in the center of the lesion was determined and measured
in the uniform density of the lesion, about 8-22 mm’.
Areas of necrosis and vascular structures were not outlined
together. At the same time, the CT values of the plain scan,
the arterial phase, and the portal venous phase areas of the
ROI of each lesion were measured. The average value was
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calculated from the results of the three measurements.

Observation indexes

The following indexes were recorded: (I) comparison of
the general data of the patients; (II) comparison of lesion
sites between the two groups of patients; (III) comparison
of thickness of the affected gastric wall between the two
groups; (IV) comparison of the density difference of the
arterial phase and plain scan CT (61) and the density ratio
of the arterial phase and plain scan CT (QI) between the
two groups; (V) comparison of the density difference of the
portal vein phase and plain scan CT (62) and the density
ratio of portal vein phase and plain scan CT (Q2) between
the two groups.

Statistical analysis

SPSS 20.0 was used for statistical data analysis. Measurement
data are expressed as mean = standard deviation and
enumeration data are represented by number. The
measurement data were in accordance with a normal
distribution. Independent #-test was used to test the
difference of parameter characteristics between the two
groups of patients undergoing dynamic enhanced CT. Taking
pathological diagnosis results as the gold standard, receiver
operating characteristic (ROC) curve of different dynamic
contrast-enhanced CT scanning parameters was drawn,
the area under ROC curve (AUC) was calculated, and the
maximum matching value of Youden Index (YI) was taken
as the diagnosis threshold. The difference was statistically
significant at P<0.05.

Results
General data of the patients

The 82 patients with gastrointestinal lesions were classified
as early lymphoma (n=32) and precancerous lesion (n=50)
groups based on the type of lesion. Figures 1,2 respectively
show the general data and CT images of the patients in the
two groups after admission.

Comparison of lesion sites and the affected gastric wall
thickness in the two groups

The most commonly involved sites of early lymphoma
were the gastric antrum and gastric body, whereas the most
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Figure 2 Representative CT images of patients from the two groups. Plain CT images (A,B) and enhanced CT images (C,D) of early gastric

lymphoma. Plain CT images (E,F) and enhanced CT images (G,H) of precancerous lesions (white arrow pointed to the lesion site). CT,

computed tomography.
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Figure 3 Comparison of lesion sites between two groups.

commonly involved sites of precancerous lesions were the
gastric antrum, followed by the cardia and gastric fundus.
There were 21 patients (42.0%) with precancerous lesions
and 15 patients (46.9%) with early lymphoma. There was
no statistically significant difference in lesion sites between
the two groups (P>0.05) (Figure 3).

The gastric wall thickness in the early lymphoma group
was 0.2-3.1 cm, with an average thickness of 1.70+0.65 cm.
In the precancerous lesion group, the wall was 0.3-3.1 cm,
with an average thickness of 1.45+0.43 cm. There was no
significant difference in the affected gastric wall thickness
between the two groups (P>0.05) (Figure 4).
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Figure 4 Comparison of the mean thickness of affected gastric
wall between two groups.

Comparison of 01 and Q1 of the arterial phase and plain
scan CT between the two groups

The values of d1 and QI were compared between groups.
The respective mean values of d1 in the early lymphoma and
precancerous lesion groups were 14.57+6.86 and 17.28+7.61
Hounsfield units (HU), the maximum values were 24.00
and 36.88 HU, and the minimum values were 4.00 and
2.72 HU. There was no significant difference in the 01
values between the two groups (P>0.05). The respective
mean values of Q1 in the early lymphoma and precancerous
lesion groups were 1.30£0.21 and 1.40+0.16, the maximum
values were 1.60 and 2.35, and the minimum values were
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Figure 5 Comparison of the density difference J1 values of the
arterial phase and plain scan CT between the two groups. CT,
computed tomography; HU, Hounsfield units.
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Figure 6 Comparison of the density ratio QI values of the arterial
phase and plain scan CT between the two groups. CT, computed
tomography.

1.01 and 1.07. There was no significant difference in Q1
between groups (P>0.05) (Figures 5,6).

Comparison of the density difference 02 and ratio Q2 of
the portal phase and plain scan CT between the two groups

The values of 62 and Q2 were compared between the two
groups. The respective mean values of 02 in the early
lymphoma and precancerous lesion groups were 29.50+6.05
and 41.55+10.10 HU, the maximum values were 44.70
and 70.40 HU, and the minimum values were 17.00 and
21.83 HU. There was significant difference between the
two groups (P<0.05). The respective mean values of Q2 in
the early lymphoma and precancerous lesion groups were
1.70+0.05 and 2.06+0.31, the maximum values were 2.12
and 3.02, and the minimum values were 1.33 and 1.46.
There was a significant difference in Q2 between the two
groups (P<0.05) (Figures 7,8).

Calculation of ROC curve

The AUC value of the maximum area under the ROC curve
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Figure 7 Comparison of the density difference 62 values of the
portal phase and plain scan CT between two groups. *, P<0.05.
CT, computed tomography; HU, Hounsfield units.
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Figure 8 Comparison of the density ratio Q2 values of portal phase
and plain scan CT between two groups. *, P<0.05. CT, computed
tomography.

of early lymphoma and precancerous lesions was 0.755
using the density difference of the portal venous phase
and plain scan CT. When 02 =35.63 HU, the specificity
was 89.60%, sensitivity was 67.50%, and the YI was 0.498.
According to the density ratio Q2 of the portal venous phase
and plain scan CT, the AUC of the maximum area under
the ROC curve of early lymphoma and precancerous lesions
was 0.878. When Q2 =1.86, the specificity was 89.60%,
sensitivity was 64.90%, and the YI was 0.472. Cases in
the two groups that were consistent with 62 >35.63 HU
and Q2 >1.86 were further obtained. After the calculation,
the diagnostic specificity of the combination of the two
indicators was 98.99% and the sensitivity was 56.80%
(Figure 9).

Discussion

There is an integral connection between the histological
structure of early gastrointestinal lymphoma and
precancerous lesions detected by dynamic enhanced
CT; that is, precancerous lesions usually occur in the
gastrointestinal tract mucosa, muscle fiber and epithelium.
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Figure 9 Calculation results of the ROC curve. Results obtained by the density difference 62 values (A) and by the density ratio Q2 values

(B) of the portal phase and plain scan CT. (C) Result of combining the two indexes. AUC, area under the ROC curve; CT, computed

tomography; ROC, receiver operating characteristic; YI, Youden index.

During pathological change, many vascular endothelial
growth factors are released, which contribute to neo-
angiogenesis. The CT manifestation of contrast agent
retention at the venous stage is continuous enhancement
(22,23). Lymphoma is a solid tumor originating in the
lamina propria of the gastric mucosa and the lymphocytic
follicular cells of the submucosa. The dense arrangement
of tumor cells leads to poor blood supply, so the degree of
enhancement is not as high as in precancerous lesions (24).
The significant histological differences in blood supply are
reflected in the dynamic enhanced CT images. However,
the CT perfusion or dynamic enhanced CT examination is
time-consuming, and the corresponding diagnostic images
are obtained later from the workstation. So even though
both CT perfusion and dynamic enhanced CT examination
can provide hemodynamic information for the differential
diagnosis of early lymphoma from precancerous lesions,
they are not performed widely in the daily practice (25).
Currently, there are few studies related to dynamic
enhanced CT for early gastrointestinal lymphoma
diagnosis. Ma ez al. (26) showed that the density difference
01 of the arterial phase and plain scan CT in early gastric
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lymphoma and the density difference 62 of the portal phase
and plain scan CT were increased by =8 and =18 HU
on average, respectively. Moreover, the J1 and 02 of
precancerous lesions were increased by 18 and 38 HU
on average, respectively. In this study, the values of both
are refined, and on this basis, the ratio Q between arterial
phase, portal vein phase and plain CT density is introduced.
We used ROC curve analysis to find the optimal threshold
for differentiating early lymphoma from precancerous
lesions. There was no significant difference between 61 and
Q1 (P>0.05), but a significant difference between 62 and Q2
(P>0.05), which could be related to the vascular distribution
of the two diseases. The blood supply of precancerous
lesions is good, but the CT enhancement in the arterial
phase is not obvious because most are capillaries. However,
obvious enhancement occurred after contrast agent filling
in the venous phase or delayed phase. In contrast, the
poor blood supply of early-stage lymphoma showed the
difference in enhancement mainly in the venous phase.

By analyzing the calculation results of the ROC curves,
when 02 >35.63 HU and Q2 >1.86, precancerous lesions
were more likely to be diagnosed. The specificity was
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89.60% and 67.50%, respectively, and the sensitivity
was 89.60% and 64.90%, respectively, which indicated
that the diagnosis efficiency of 02 was similar to that of
Q2. However, both had high sensitivity and specificity.
Therefore, they can be used as effective indexes to
differentiate early lymphoma from precancerous lesions.
Further analysis with 62 and Q2 showed that the diagnostic
specificity of the two indexes combined was 98.99%, and the
sensitivity was 56.80%. Although the sensitivity decreased,
the specificity increased markedly, which indicated that
when 02 >35.63 HU and Q2 >1.86, dynamic enhanced
CT could be used to diagnose precancerous lesions. This
conclusion is similar to that of Niu ez 4/. (27).

Conclusions

We explored using dynamic enhanced CT scan for
differential diagnosis of early gastrointestinal lymphoma
and precancerous lesions. Our results showed that when
the two indexes, 02 and Q2, were combined, the specificity
and sensitivity of diagnosis were 98.99% and 56.80%,
respectively. Therefore, dynamic enhanced CT and Q2
effectively differentiated early gastrointestinal lymphoma
from precancerous lesions, and improved diagnostic
accuracy. However, the sample in this study was relatively
small, so it needs to be expanded in the future clinical trials.
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