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Abstract

Objective: To investigate the characteristics of fluorine-18-deoxyglucose positron emission

tomography/computed tomography (18F-FDG PET/CT) maximum standardized uptake value

(SUVmax) in primary intestinal lymphoma (PIL) and its correlation with D-dimer and lactate

dehydrogenase (LDH).

Methods: Fifty-two patients diagnosed with PIL from June 2016 to December 2019 were ana-

lyzed. All patients underwent 18F-FDG PET/CT. The relationships between SUVmax and different

pathological subtypes, clinical stages and risk grades were analyzed. The correlations between

SUVmax and Ki-67, LDH and D-dimer were determined. Additionally, PET/CT imaging results

were collected from 35 patients with primary intestinal cancer (PIC) and compared with the

imaging features of PIL.

Results: SUVmax was significantly different between PIL and PIC groups and various PIL path-

ological subgroups. Patients in the high-risk PIL group had markedly higher SUVmax values than

the intermediate-risk and low-risk groups. A significant positive correlation was observed

between SUVmax and Ki-67 in patients with PIL. SUVmax was significantly different between

the elevated and normal D-dimer groups. D-dimer showed a positive correlation with SUVmax.

Conclusion: 18F-FDG PET/CT SUVmax reflects the aggressiveness of lymphoma to a certain

degree, is correlated with Ki-67 and determines the risk grades of PIL. Moreover, it facilitates

differential diagnosis, clinical staging and treatment based on D-dimer levels.
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Introduction

Primary gastrointestinal lymphoma
accounts for 5% to 20% of all non-
Hodgkin’s lymphoma (NHL) cases, more
than half of which occur in the stomach
(50%–60%), whereas primary NHL of the
small intestine and large intestine consti-
tutes only 14% to 38% and 10% to 20%,
respectively.1 Primary intestinal lymphoma
(PIL) is clinically rare and characterized by
nonspecific symptoms and a difficult diag-
nosis.2,3 Traditional testing procedures,
such as gastroenterography, ultrasound,
endoscopy and abdominal computed
tomography (CT), exhibit a certain value
in the diagnosis of this disease but are lim-
ited by various factors. The role of positron
emission tomography/computed tomogra-
phy (PET/CT), combining imaging of met-
abolic abnormalities and morphological
changes in tumors, has been confirmed in
the diagnosis, staging and therapeutic eval-
uation of lymphoma.4,5 However, PET/CT
imaging analysis of newly diagnosed PIL is
currently rare. At present, the most fre-
quently used developer is the glucose
analog fluorine-18-deoxyglucose (18F-
FDG). Tumor cells have a substantially
higher rate of glucose metabolism and
thus show increased FDG uptake. As a
reflection of this metabolic capacity, the
standard uptake value (SUV) partly repre-
sents the proliferative activity of tumors.6

In this study, we analyzed the association
between SUV and the pathological type,
clinical staging, risk grading and biological
indicators of PIL to accurately determine

the aggressiveness of lymphoma, better pre-

dict prognosis and guide treatment.

Materials and methods

Study participants

Clinical and imaging data were collected

from patients with PIL who were examined

by 18F-FDG PET/CT and confirmed by

histopathology from June 2016 to

December 2019.
Subjects were included according to the

following diagnostic criteria of PIL

(Dawson’s standard):7 (1) no superficial

lymphadenopathy, (2) no mediastinal

lymphadenopathy noted by chest imaging,

(3) normal total number and classification

of peripheral white blood cells, (4) no sig-

nificant invasion, except for primary intes-

tinal lesions and regional lymph nodes and

(5) no involvement of the liver and spleen.
Patients were excluded if they met any of

the following exclusion criteria: (1) diag-

nosed with lymphoma by pathology with-

out confirmation of its specific cell type by

immunohistochemistry, (2) a history of

lymphoma prior to PET/CT or (3) intesti-

nal lymphoma not meeting Dawson’s

criteria.
Patients with primary intestinal cancer

(PIC group) were enrolled during the same

period. The diagnosis of all patients was

pathologically confirmed, and no patients

were treated prior to PET/CT. Patients in

the PIC group had a carcinoma other than

lymphoma that occurred in the duodenum
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and rectum. This study was approved by
the Ethics Committee of Fujian Provincial
Hospital, and written informed consent was
obtained from all subjects. This study con-
forms to the relevant STROBE guideline.8

The international prognostic index (IPI)9

was based on individual age, Eastern
Collaborative Oncology Group (ECOG)
score, clinical staging, number of extrano-
dal invasion sites and the presence of ele-
vated serum lactate dehydrogenase (LDH).
One point was assigned for each of the fol-
lowing risk factors: age older than 60 years,
stage III or IV, two or more extranodal
lesions, ECOG score �2 and elevated
serum LDH. Based on IPI scores, patients
with NHL were classified into a low-risk
group (0 or 1 point), intermediate-risk
group (2–3 points) and high-risk group
(4–5 points).

Instrument and developer

Patients were examined by PET/CT using a
Discovery 710 scanner (GE Healthcare,
Milwaukee, WI, USA). 18F-FDG was
automatically synthesized by a PETtrace
cyclotron and 18F-FDG chemical synthesis
module (GE Healthcare), with a radio-
chemical purity of >95%. Patients fasted
for 6 hours before 18F-FDG PET/CT
examination with their blood glucose
below 8.0 mmol/L. 18F-FDG at a dose of
3.7 MBq/kg was intravenously adminis-
tered, and images were collected 60 minutes
after intravenous injection. Data were
analyzed by two or more experienced
PET/CT diagnosticians capable of reading
images independently. Visual and semi-
quantitative analysis methods were used to
analyze and interpret images. According to
the intensity of intestinal FDG uptake, all
subjects were classified into two groups: a
bowel FDG uptake positive (þ) group and
a bowel FDG uptake negative (�) group. In
the visual evaluation, FDG activity in the
liver and urinary tract were used as

reference sites.10 If activity was present
along the intestine, higher than that of the
liver and nearly equal to that of the urinary
tract, the subject was classified into the
FDG uptake (þ) group. Otherwise, the sub-
ject was classified into the FDG uptake (�)
group. For semi-quantitative analysis, the
region of interest (ROI) was defined, and
the maximum SUV (SUVmax) was auto-
matically calculated by a dedicated work-
station (GE Xeleris Workstation, Version
4.0; GE Healthcare).11 The volumetric
ROIs (VOIs) were placed carefully over
the intestinal lesion exhibiting elevated
FDG activity (relative to normal tissue) to
avoid overlap with adjacent FDG-avid
structures and areas exhibiting physiologi-
cal uptake. The volume viewer software
used on a dedicated workstation provided
an automatically delineated volume of
interest using an isocontour threshold
method based on SUV. The SUVmax was
automatically calculated from the VOIs by
the workstation. To define the boundaries
of the lesions, a fixed SUV (SUV¼ 3) was
used.

Immunohistochemical detection of Ki-67
expression in lymphoma tissues

Fifty-two PIL biopsy specimens were fixed
with neutral formaldehyde fixatives and
then embedded in paraffin wax with a sec-
tion thickness of 3 lm. Later, the specimens
were heated at 80�C for 60 minutes on a
heating tray, deparaffinized, subject to
high-temperature and high-pressure antigen
retrieval with ethylenediaminetetraacetic
acid antigen retrieval solution, sealed with
3% endogenous peroxidase for 10 minutes,
washed with distilled water and incubated
with a mouse anti-human Ki-67 antibody
(1:200, Fuzhou Maixin Technology
Development Co., Ltd., Fujian, China).
After washing with phosphate-buffered
saline (PBS), a horseradish peroxidase-
labeled rabbit anti-mouse IgG antibody
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(Fuzhou Maixin Technology Development
Co., Ltd.) was added dropwise and incubat-
ed for 30 minutes. After washing with PBS,
a 3, 30-diaminobenzidine color development
solution was added and incubated at room
temperature for 10 minutes. The samples
were rinsed with tap water, stained with
hematoxylin for 2 minutes and rinsed with
tap water for 1 minute. The slides were
placed in warm water for 2 to 3 minutes,
dehydrated with anhydrous ethanol, dried
and sealed with neutral adhesive. Ki-67
staining that was located in the cell nucleus
and brownish-yellow in color was consid-
ered positive. Ten high magnification
(400�) fields were randomly selected from
each section, 100 cells were counted in each
field, and the percentage of positive tumor
cells was calculated. The mean value was
used as the positive rate of Ki-67, termed
the Ki-67 index value.

Detection of D-dimer and LDH in
the peripheral blood of patients
with lymphoma

Early in the morning under a fasting state,
5mL of venous blood were collected to
measure D-dimer levels. The D-dimer
assay was performed using a Metron coa-
gulometer kit (Coatron-1800, TECO,
Munich, Germany) in accordance with the
manufacturer’s guide.

For the LDH assay, venous blood was
collected on an empty stomach, and the
serum was separated by centrifugation
without anticoagulation. An LDH assay
kit (Chengdu Yuanhe Huasheng
Technology Co., Ltd., Chengdu, China)
and an i2000 automatic biochemical analyz-
er (Abbott Laboratories, Abbott Park, IL,
USA) were used to detect LDH. A specially
assigned person was responsible for the
procedure and quality control. Specimen
processing, determination and content cal-
culation were performed in accordance with
the kit manual.

Statistical analysis

Statistical analysis of the data was per-
formed using IBM SPSS Statistics for
Windows, Version 25.0 (IBM Corp.,
Armonk, NY, USA). Normally distributed
measurement data were represented as the
mean� standard error. An independent
sample t-test was used for comparisons
between two groups, a one-way analysis of
variance was used for comparisons between
multiple groups, and Fisher’s LSD test was
used for pairwise comparisons among sub-
groups. Spearman correlation analysis was
used to assess the correlation between
SUVmax and biological indicators.
P< 0.05 was considered to indicate a statis-
tically significant difference.

Results

Patient characteristics

Patient clinical characteristics are summa-
rized in Table 1. Fifty-two patients with
PIL were enrolled, including 34 men and
18 women aged 21 to 89 years. There were
20 mucosa-associated lymphoid tissue cases
(MALT group) and 32 aggressive NHL
cases (including 22 with the diffuse large
B-cell type, 3 with the T-cell type and
7 with other types) (ANHL group).
Moreover, there were 25 cases with clinical
stages I to II and 27 cases with stages III to
IV. Twenty-six patients had lymph node
invasion, 28 exhibited elevated LDH, and
24 patients showed clinical B symptoms
(night sweats, pruritus or others).

Thirty-five patients with PIC were
enrolled, including 23 men and 12 women
aged 20 to 90 years. In this group, there
were 21 adenocarcinoma, 10 sarcoma and
4 carcinoid tumor cases.

PET/CT imaging results

Fifty-two patients with PIL and 35 patients
with PIC were examined by PET/CT with
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FDG. High FDG accumulation (FDG

uptake) suggests the presence of a malig-

nant tumor. We observed prevalent FDG

uptake in patients with PIL and PIC

(Figure 1 and Table 2), suggesting the suc-

cessful cancer diagnosis with PET/CT. An

abnormal intestinal wall was all noted in

most patients (Table 2).

SUVmax in different pathological types

of PIL

The SUVmax was markedly higher in the

more aggressive ANHL group than in the

less aggressive MALT group, and the dif-

ference was statistically significant

(P< 0.01). Further analysis of NHL pathol-

ogy showed that the SUVmax of diffuse

large B-cell lymphoma was statistically

higher than that of peripheral T-cell lym-

phoma and other types (P< 0.05) (Table 3).

Comparison between SUVmax and

clinical staging in patients with PIL

The clinical staging was mainly related to

the extent of lymphoma involvement, and

there was no statistically significant differ-

ence in SUVmax between stages I to II lym-

phoma and stages III to IV. In addition,

there was no correlation between SUVmax

and clinical staging (Table 4).

Association between SUVmax and risk

grading in patients with PIL

According to the IPI scoring criteria,

patients with PIL were classified into a

high-risk group (n¼ 19), intermediate-risk

group (n¼ 22) and low-risk group (n¼ 11).

The SUVmax in the high-risk PIL group was

higher than that in the intermediate-risk

group and low-risk group (P< 0.05)

(Table 4). The progression-free survival
(PFS) at 3 years for the entire population

was 81%. A slightly lower PFS was observed

in patients with a higher SUVmax (Table 4).

Correlations between SUVmax, Ki-67

expression, LDH and D-dimer in

patients with PIL

In 52 patients, a significant positive corre-

lation was found between SUVmax

(11.73� 4.76) and Ki-67 (58� 15%) by

Spearman correlation analysis (r¼ 0.937,

P¼ 0.0001) (Figure 2). Of these 52 patients

with PIL, there were 28 patients in the ele-

vated LDH group and 24 patients in the
normal LDH group. No statistically signif-

icant difference was observed in SUVmax

between the elevated LDH group and the

normal group. Of these 52 patients with

PIL, there were 36 patients in the elevated

D-dimer group and 16 patients in the

normal D-dimer group. A statistically sig-

nificant difference was observed in

SUVmax between the elevated D-dimer
group and the normal D-dimer group

Table 1. Patient characteristics.

Characteristic n [%]

Sex

Men 34 (65.38)

Women 18 (34.62)

Age (years)

�60 21 (40.38)

<60 31 (59.62)

Ki-67

High (�60) 35 (67.31)

Low (<60) 17 (32.69)

Risk grading

Low 11 (21.15)

Intermediate 22 (42.31)

High 19 (36.54)

Clinical staging

I–II 25 (48.08)

III–IV 27 (51.92)

Pathological classification

Mucosa-associated 20 (38.46)

Invasive 32 (61.54)

Diffuse large B 22 (68.75)

T-cell 3 (9.38)

Others 7 (21.88)
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(P< 0.05) (Table 5). The D-dimer level
(2.97� 0.77lg/L) in the elevated D-dimer
group showed a significant positive correla-
tion with SUVmax (r¼ 0.869, P¼ 0.0004)
(Figure 3).

Discussion

PIL is an extranodal primary lymphoma

occurring in people of all ages, but it is more

common in patients over 60 years old.12

Figure 1. PET/CT imaging results of patients in this study. A) A 59-year-old male patient with MALT
lymphoma. PET/CT scan showed thickening of the intestinal wall in the ascending colon with mild radioactive
uptake, and the SUVmax was 4.1. B) A 56-year-old female patient with diffuse large B-cell lymphoma. PET/
CT scan showed obvious thickening of the intestinal wall in the middle and lower abdomen and ileum. High
radioactive uptake was observed, and the SUVmax was 28.6. C) A 72-year-old female patient with T-cell
lymphoma. PET/CT showed that the intestinal wall was thickened in the horizontal part of the duodenum.
High radioactive uptake was observed, and the SUVmax was approximately 13.2. D) A 69-year-old female
patient with mantle cell lymphoma. PET/CT showed multiple nodular radioactive uptake in the small
intestine, and the SUVmax was 4.8. There was no obvious thickening of the intestinal wall. E) A 67-year-old
male patient with sigmoid colon cancer. PET/CT showed irregular thickening of the sigmoid colon wall with
obvious radioactive uptake, and the SUVmax was 10.7.
PET/CT, positron emission tomography/computed tomography; MALT, mucosa-associated lymphoid tissue;
SUVmax, maximum standardized uptake value.

Table 2. PET/CT imaging results

Group n

FDG uptake (þ)

[case (%)] SUVmax value

Abnormal

intestinal wall

[case (%)]

PIL 52 49 (94.23) 11.73� 4 .76 45 (86.54)

MALT 17 15 (88.24) 7.39� 3.25 13 (76.47)

ANHL 35 34 (97.14) 13.84� 3.87 32 (91.43)

PIC 35 33 (94.29) 8.37� 3.11 31 (88.57)

PET/CT, positron emission tomography/computed tomography; PIL, primary intestinal lymphoma; MALT,

mucosa-associated lymphoid tissue; ANHL, aggressive non-Hodgkin’s lymphoma; PIC, primary intestinal cancer;

FDG, fluorodeoxyglucose; SUVmax, maximum standardized uptake value.
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The clinical symptoms include abdominal

discomfort, bloody stools, abdominal

masses and systemic symptoms, such as

fever, night sweats, fatigue and weight

loss.13

Clinically, NHL is broadly classified as

indolent and aggressive based on its clinical

presentation and biological features. To

more accurately determine the malignancy

and prognosis of lymphoma, biological

Table 3. Differences in SUVmax between different pathological types of primary intestinal lymphoma.

Group n SUVmax value t P F

MALT 17 7.39� 3.25 �5.926 0.004

ANHL 35 13.84� 3.87

Diffuse large B-cell lymphoma 22 16.03� 2.55 0.02 19.506

T-cell lymphoma 3 12.27� 1.59

Other types 7 9.96� 1.55

SUVmax, maximum standardized uptake value; MALT, mucosa-associated lymphoid tissue; ANHL, aggressive non-

Hodgkin’s lymphoma.

Table 4. Comparison of SUVmax and clinical stage/risk grading in patients with primary intestinal
lymphoma.

Group n SUVmax value t P F 3-year PFS

Stage I–II 17 11.98� 5.06 0.361 0.720 93%

Stage III–IV 35 11.50� 4.54 75%

High-risk 19 16.73� 2.02 0.0016 81.254 74%

Intermediate-risk 22 10.32� 2.80 82%

Low-risk 11 5.95� 1.71 91%

SUVmax, maximum standardized uptake value; PFS, progression-free survival.

Figure 2. Positive correlation between SUVmax and Ki-67 expression in patients with primary intestinal
lymphoma.
SUVmax, maximum standardized uptake value.
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parameters are used as predictors, such as

the Ki-67 index, erythrocyte sedimentation

rate, LDH and b2 microglobulin.14,15 PET/

CT has been widely applied for precise stag-

ing and therapeutic evaluation. SUV is the

most commonly used semi-quantitative

index of PET/CT in tumor diagnosis and

treatment and is affected by a variety of

factors, such as the ratio of the radioactivity

of the developer taken up by the local

tumor tissue to the average activity of the

whole body, blood glucose level, patient

weight, lesion size, ROI delineation range,

imaging time after injection and 18F-FDG

clearance rate in the blood circulation.16

SUVmax refers to the highest uptake

value in the ROI of the tumor lesion.

Compared with SUV, SUVmax is less

influenced by volume effects.17 Several

studies have demonstrated that SUVmax

is associated with the prognosis, staging

and certain biological indicators of various

tumors.18,19 There is moderate evidence

suggesting an association of SUVmax with

the stage, pathological type, biological indi-

cators and even prognosis of lymphoma,

but the number of reported cases is small,

the analysis is not comprehensive, and the

conclusions are inconsistent.20,21

In this study, we further evaluated the

correlation between SUVmax and the path-

ological types, clinical staging, risk grading

and biological indicators of lymphoma by

applying strict criteria and accurate mea-

surement methods to explore the value of

18F-FDG PET/CT SUVmax in lymphoma.

Table 5. Correlation of SUVmax with LDH and D-dimer in patients with primary intestinal lymphoma.

Group n SUVmax value t P

Elevated LDH 28 11.67� 4.98 0.108 0.914

Normal LDH 24 11.81� 4.58

Elevated D-dimer 36 13.31� 4.20 4.105 0.027

Normal D-dimer 16 8.19� 4.03

SUVmax, maximum standardized uptake value; LDH, lactate dehydrogenase.

Figure 3. Correlation of SUVmax with D-dimer in patients with primary intestinal lymphoma
SUVmax, maximum standardized uptake value.
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In this study, there was a statistically signif-
icant difference in SUVmax between vari-
ous pathological subgroups of PIL
(P< 0.05). A statistical difference was also
noted in SUVmax between patients with
stages I to II and those with stages III to
IV lymphoma (P< 0.05). Patients in the
high-risk PIL group had markedly higher
SUVmax values than those in the
intermediate-risk group and low-risk
group (P< 0.01). These results indicated
that SUVmax reflected the aggressiveness
of lymphoma and effectively determined
the risk level of PIL. Therefore, SUVmax
shows potential as an independent factor
in the prognostic scoring system and
increases the accuracy and comprehensive-
ness of the current prognostic score, provid-
ing a more adequate theoretical rationale
for lymphoma treatment selection, efficacy
evaluation and prognostic judgment.

The Ki-67 index reflects the proportion
of cells entering the active phase of the cycle
and, to some extent, the proliferative activ-
ity of tumor cells. Various studies have con-
firmed22 that the Ki-67 index is closely
associated with the tumor proliferation
index and biological behaviors, especially
in breast cancer and lymphoma. The results
of this study showed that SUVmax and Ki-
67 expression levels were positively correlat-
ed within the same PIL lesion. Therefore,
SUVmax reflected the malignancy of lym-
phoma and predicted the prognosis.

D-dimer is a specific degradation prod-
uct of cross-linked fibrin produced by the
hydrolysis of fibrinolytic enzymes. It is used
to monitor the diagnosis and condition of
disseminated intravascular coagulation and
thrombophilia.23 Patients with malignant
lymphoma have recently been found to
exhibit a hypercoagulable state, dysfunction
of the fibrinolytic system and a higher inci-
dence of venous thrombosis.24 Related
reports suggest that the incidence of deep
vein thrombosis in patients with NHL is
5.77%. This index has a sensitivity of

>90% in the diagnosis of thrombosis and

is specific for fibrinolytic activity.25 The

results of this study showed a statistically

significant difference in SUVmax between

the elevated D-dimer group and the

normal D-dimer group (P< 0.05), and the

D-dimer level in the elevated D-dimer

group showed a significant positive correla-

tion with SUVmax (r¼ 0.869, P< 0.001).

These findings suggest that the SUVmax

characteristics of PIL on PET/CT images,

along with clinical D-dimer levels and other

related indicators, offer more information

for clinical staging, follow-up of treatment

responses, recurrence monitoring and

prognosis.
In conclusion, 18F-FDG PET/CT

SUVmax reflects the aggressiveness of lym-

phoma to a certain degree. It is correlated

with the Ki-67 index and determines the

risk grades of PIL. Moreover, it facilitates

differential diagnosis, clinical staging and

treatment protocol selection based on the

D-dimer level. Our conclusion is based on

retrospective studies, which are prone to

selection bias, recall bias and misclassifica-

tion bias. Owing to the heterogeneity of

data and small sample size, it may not rep-

resent the actual situation. A more detailed

subgroup analysis based on individual

diseases is required for future studies to

reduce bias.
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