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Prognostic value of fluorine-18-
fluorodeoxyglucose positron emission
tomography/computed tomography in primary
hepatic mucosa-associated lymphoid tissue
lymphoma
A case report and review of the literature
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Abstract
Introduction: Primary hepatic mucosa-associated lymphoid tissue (MALT) lymphoma is extremely rare and we herein report a
case of a patient suffering from primary hepatic MALT lymphoma with concomitant hepatitis B virus infection.

Diagnostic modalities and outcome: Double masses were found in a 59-year-old Chinese female patient. We reported the
laboratory results, computed tomography (CT) and fluorine-18-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET)/
CT images among other findings. As far as we know, only 9 cases have been reported till now using 18F-FDG PET/CT imaging. Our
patient’s lesions were found to conform to standard uptake values of FDG.

Conclusion: It indicates that hepatic MALT lymphoma can be studied with 18F-FDG PET/CT like other 18F-FDG-avid lymphomas. It
was also noted that delayed-time-point FDG PET imagingmay further improve the detection of theMALT lymphoma in liver. Although
the patient in this case refused further treatment, potential management options, including rituximab, which is also discussed in this
review.

Abbreviations: g-GT = gamma glutamyl peptidase, 18F-FDG PET = fluorine-18-fluorodeoxyglucosepositron emission
tomography, CT = computed tomography, IH = immune histochemical, MALT = mucosa-associated lymphoid tissue, NHL =
non-Hodgkin lymphoma, SUV = standard uptake value, WBC = white blood cell.
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1. Introduction lymphoid tissues are not involved. Although the liver is
Primary lymphoma of the liver refers to lesions confined only to
the liver, whereas spleen, lymph nodes, bone marrow, or other
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commonly affected secondarily as an extranodal involvement
in non-Hodgkin lymphoma (NHL), it is seldom the primary site
of NHL, whereas primary hepatic mucosa-associated marginal
zone B-cell lymphoma is even rarer. So far, the prognostic value
of 18F-fluorodeoxyglucose (FDG) PET/CT in the workup of
primary hepatic mucosa-associated lymphoid tissue (MALT)
lymphoma has rarely been described. In this article, we
retrospectively report the clinical characteristics, laboratory
results, image findings plus 18F-FDG positron emission tomog-
raphy/computed tomography (PET/CT) results of 1 case of
primary hepatic MALT lymphoma and discuss about the related
literature reviews.

2. Case report

2.1. Clinical characteristic
2.1.1. Medical history.Our patient, a 59-year-old female, with a
historyof hepatitis B infection for>20years, has neverbeenonany
antineoplastic therapy because of her difficult financial situation.
Shewasput on anti-hepatitis B treatment since from January 2015.
The patient’s only complaint was that of long-term abdominal
discomfortwith fatigue.Nocoughor expectoration, noabdominal
pain, no diarrhea, no rash or joint pain was reported. Patient
denied any history of hypertension, diabetes, tuberculosis, tobacco
smoking, or alcohol abuse. She underwentmenopause at the age of
52 years. She was diagnosed primary hepatic MALT lymphoma
since 2015, but she refused to receive further treatment.
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Table 1

Laboratory data on admission.
RBC 3.96�1012 cells/L Alb 35g/L
Hb 126g/L g-GT 58U/L
Plt 163�109 cells/L Alp 98U/L
WBC 3.7�109 cells/L EBV (�)
Monocyte 10.60% Coxsackie (�)
Lymphocyte 27.60% Syphilis (�)
Neutrophil 55.40% HIV (�)
Eosinophil 6.10% HBsAg (+)
Basophil 0.30% HCVAb (�)
Bone marrow biopsy (�)

g-GT=gamma glutamyl transferase, ALb= albumin, EBV=Epstein-Barr virus, Hb=hemoglobin,
HBsAg=hepatitis B surface antigen, HCsAb=hepatitis C surface antibody, Plt=Platelet, RBC=Red
blood cell, WBC=White blood cell.
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2.1.2. Physical examination. General condition of the patient
was good. No icterus was apparent and superficial lymph nodes
were not palpable. Cardiovascular and respiratory examinations
were normal. Liver and spleen were not palpable per abdomen.
Abdomen was non-tender and bowel sounds were fine.
2.2. Laboratory results

Her blood investigations (Table 1) were within the normal ranges
except for an elevated gamma glutamyl peptidase (g-GT) of 58 U/
L, decreased white blood cell (WBC) of 3.7�109 cells/L, and
elevated monocyte and eosinophil percentage of 10.6% and
6.1%. Urine analysis, stool examination, blood tumor biomark-
ers, autoimmune antibody, and other routine biochemical tests
were all within normal limits. Anti-hepatitis C antibodies were
positive and hepatitis B surface antigen was negative.
2.3. Imaging examination
2.3.1. Chest and abdominal CT. Chest and abdominal CT
showed multiple low-density lesions in liver without obvious
boundaries or intensifications. Mediastinal and retroperitoneal
lymph nodes were not seen.

2.3.2. Whole-body 18F-FDG PET/CT. PET/CT was performed
for further elevation which revealed a low-density lesion of about
2.9cm�2.0cm in the medial segment of left liver with unclear
borders. PET/CT fusion images showed a slightly increased
uptake of standard uptake value (SUV) (SUVmax, 4.09). On
delayed FDG PET/CT scan (performed 2hours after injection of
tracer), the maximum value was about 4.2 (Fig. 1). At the right
Figure 1. Cross-sectional positron emission tom
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hepatic lobe margin, a low-density lesion with diameter of about
1.15cm was noticed. PET/CT fusion images showed that the
FDG uptake was increased slightly (SUVmax, 3.42). The
maximum value was about 3.51 in delayed FDG PET/CT scan
(Fig. 2). For the rest of the structures, 18F-FDG PET/CT imaging
demonstrated no obvious changes: no enlargement of lymph
nodes or spleen, no abnormal uptake of FDG of bone marrow
and other areas.

2.4. Pathology

The patient underwent a percutaneous liver biopsy on January
2015, and the histopathological analysis revealed a MALT
lymphoma. Analysis further confirmed an abnormal prolifera-
tion of B lymphocytes in liver tissue. The immunohistochemical
(IH) staining was positive for BcL-2, CD3, CD5, CD2, CD4,
CD79a, CD43, CD20, CD21, CD2 (positive in follicular
dendritic cell), and part of CD7 and CD8. Conversely, Bcl-6,
CD10, andCyclinD1were negative. Ki-67 indexwas about 10%.
The Shanghai Cancer Hospital, after evaluation of the liver
biopsy specimen of our patient, agreed and confirmed the
diagnosis of a mucosa associated lymphoid tissue extranodal
marginal zone lymphoma.
3. Discussion

Lymphomas of MALT are low-grade extranodal marginal zone
B-cell lymphoma[1] (accounting for approximately 8% of all
NHL).[2,3] MALT lymphomas originate from cells which can
differentiate into edged monocyte-like B cells and cells near the
plasma germinal center, which is one of the most common
extranodal low-grade malignant lymphoma. They commonly
occur in the gastrointestinal tract such as stomach, and
nongastrointestinal sites like salivary glands, thyroid, and
lungs.[4,5] Liver, however, is a rare site of primary lymphoid
malignancy, accounting for <1% of extranodal NHL lympho-
mas.[6] Primary hepatic lymphoma refers to localized lesions in
the liver, without spleen, lymph node, bone marrow or other
systemic lymphoid tissue involvement evidence. Most of these
reported pathological types are diffuse large B cell lymphomas,
whereas primary hepatic marginal zone B cell lymphoma of
MALT lymphomas is extremely rare, accounting for only 2% to
4% of the primary hepatic lymphomas.[7–11]

The etiology of liver MALT lymphoma is still indistinct.
Chronic inflammation owing to conditions like infections or
autoimmune diseases has often been linked to most extranodal
MALT lymphomas. Nagata et al[12,13] described 51 hepatic
ography/computed tomography imaging 1.



[15–19]

Figure 2. Cross-sectional positron emission tomography/computed tomography imaging 2.
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MALT lymphoma cases. They stated that only 25%patients were
not associated with any disease condition. Twenty-one percent of
those liver MALT lymphomas were associated with carcinomas,
20% were related to viral and drug related-hepatitis, and the rest
were biliary cirrhosis, liver cirrhosis, ascariasis, gastric MALT
lymphoma, and rheumatoid arthritis and so on. [11,14] Doi
et al[15–19] reported 46 such cases, mainly elderly patients (mean
age 61.4 years). The ratio of male and female was 0.9:1.0. Most
patients were diagnosed either by liver surgery, liver imaging, or
incidentally through examinations for other diseases. Liver
diseases were found in 16 patients, including primary biliary
cirrhosis and liver infections (such as hepatitis B virus, hepatitis C
virus, and ascariasis). Some scholars believe that[8,15] chronic
inflammation of the liver is one of the most significant factors
predisposing to MALT, as well as hepatitis C virus infection.
Along these lines, we have presented a retrospective report of a
female patient with primary hepatic MALT lymphoma, with a
history of hepatitis B infection for>20 years. No other abnormal
findings indicating other cause of chronic liver disease were
detected.
Precise staging of MALT lymphoma by radiologic studies is

essential for optimizing its treatment. As the imaging character-
istics of hepatic MALT lymphoma have rarely been studied, the
significance of 18F-FDG PET/CT in evaluating MALT lympho-
mas is still controversial and unclear. The potential metabolic
behavior and the utility of 18F-FDG PET/CT in primary hepatic
lymphoma still remain unknown. We have, in the past, reviewed
9 cases of primary hepatic MALT patients (Table 2)[2,9,15,20] with
solitary lesions, and double or multiple lesions (66.7% [6/9] and
33.3% [3/9], respectively). These figures correspond to the report
Table 2

Summary of clinical data of 9 patients with hepatic MALT lymphoma

No. 1 2[2] 3[20]

Age 59 52 71
Sex F F M
HBsAg + + �
HCsAb � ND +
HP ND ND +
Ann Arbor stage IEA IVA IVA
Liver mass Double Multiple Solitary
Liver mass diameter max, cm 2.9 ND ND
SUVmax lesion 4.09 3.5 4.6
SUVmax lesion in delayed FDG PET/CT scan 4.2 4.4 ND

18F-FDG PET/CT= fluorine-18-fluorodeoxyglucosepositron emission tomography/computed tomography,
MALT=mucosa-associated lymphoid tissue, ND=not detected, SUV= standard uptake value.
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of Doi et al on liver MALT lymphoma with solitary lesions
being more common (76.2% or 32/42) than double (9.5% or 4/
42) and multiple (14.3% or 6/42) ones.[15] Primary hepatic
MALT was easily misdiagnosed as primary liver cancer; hence,
differential diagnosis of imaging is particularly important.
Hepatocellular carcinomas are recognized on ultrasound by
hyperechoic lesions, whereas CT scan shows lesions which are
significantly enhanced in the arterial phase and of equal or low
density in delayed portal venous phase. In contrast, primary
hepatic MALT lymphomas are displayed as hypoechoic lesions
under ultrasound, and show low attenuation with or without
enhancement in CT scan.
Doi et al[15] reported the first case of primary liver MALT

investigated by 18F-FDG PET/CT scan, which showed a high
metabolic liver disease sign. This yielded additional data related
to the lesion site and stage of the disease. Perry et al[19] as well
reported that 18F-FDG PET/CT imaging for primary liver MALT
lymphoma demonstrated high FDG uptake by the lesions. It is
noteworthy that MALT lymphoma shows lower FDG uptake
comparing to other aggressive lymphomas such as diffuse large B
cell lymphoma.[21,22]

The 18F-FDG PET/CT imaging is particularly helpful in
distinguishing the initial stages of extranodal MALT lymphoma.
In our case report, 18F-FDG PET/CT scan showed left and right
hepatic subcapsular liver low-density lesions, with slightly
increased uptake of FDG (SUVmax=4.09, 3.42). In addition,
PET/CT imaging can pinpoint high metabolic sites for biopsy,
and at the same time exclude abnormalities of other parts of the
body. Histopathological and immunohistochemical studies are,
however, necessary for the definitive diagnosis.
who underwent 18F-FDG PET/CT.

4[15] 5[9] 6[9] 7[9] 8[9] 9[9]

58 54 64 67 65 80
M M F M M M
� + � � + +
+ � + + � �
+ + � � + �
IEA IEA IEA IEA IVA IEA

Solitary Solitary Solitary Multiple Solitary Solitary
2.7 9 5.6 2 4.6 3.5

Intense uptake 5.9 6.8 3.5 3.7 8.2
ND ND ND ND ND ND

HBsAg=hepatitis B surface antigen, HCsAb=hepatitis C surface antibody, HP=Helicobacter Pylori,
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Albano et al described 5 cases of primary hepatic
MALT lymphoma and reported a series of 18F-FDG PET/CT
scans performed to evaluate those patients. They recognized
that hepatic MALT lymphomas could be studied with 18F-FDG
PET/CT like other 18F-FDG-avid lymphomas. According to the
Lugano classification,[23] primary liverMALT lymphoma can use
18F-FDG PET/CT-high metabolic activity as other lymphoma
shows. Therefore, 18F-FDG PET/CT high metabolic uptake can
be helpful in various aspects, notably: in staging the disease,
evaluation of treatment response, and in monitoring on the liver
for relapse and recurrence. Although the number of cases is small,
accumulating experience of using 18F-FDG PET/CT in diagnos-
ing liver cancer and primary hepatic lymphoma MALT is
necessary.
In our review, all 9 cases showed increased uptake of FDG of

the hepatic MALT lesions. In 2 of the cases the hypermetabolic
hepatic lesions were apparent with delayed FDG PET imaging.
This may indicate that delayed FDG PET/CT imaging may be
more trustworthy in detecting tumors. Mayerhoefer et al[24] also
described that, compared with standard-time-point FDG PET,
delayed time-point FDG PET imaging can increase lesion-to-liver
and lesion-to-blood contrast and may improve detectability of
MALT lymphoma in liver.
The discussed literatures suggest that 18F-FDG PET/CT

potentially offers new diagnostic insights for primary hepatic
MALT lymphoma, even though it cannot substitute pathological
evidence for a definitive diagnosis. The analysis of SUV of
primary hepatic MALT lymphoma remains to be validated by
more proof. Further investigation is needed to come up with an
agreed-upon SUV of primary MALT lymphoma.[25]

In our present study, hepatic marginal zone B cell lymphoma
displayed a 5-year overall survival (OS) (60%) and median
OS (82.9 months), similar to what have been reported with 8
Japanese primary hepaticMALT lymphoma cases (84months).[26]

In another review,medianOSwas reported to be 65months for 18
cases analyzed.[26]

Because of the small population of primary hepatic MALT
lymphoma patients, there are no strict recommended treatment
guidelines or consensus.[15,25,27,28] The treatment options
currently include surgery, chemotherapy, radiotherapy, and
combined therapy. For the solitary lesions of small size with
preserved liver function, resection is mostly preferred and
prognosis is better. Surgical treatment can be performed either
before or after chemotherapy to reduce tumor burden. It is
reported that the recurrence rate (48%) of non-gastric lymphoma
(including liver) is significantly higher than gastric MALT
lymphoma (22.2%).[20,23] So it is recommended that MALT
should be combined with chemotherapy or immunotherapy after
operation. Rituximab[29] or Idelalisib is an appropriate treatment
in relapsed cases.[12] Rituximab[30,31] is an anti-CD20 monoclo-
nal antibody and has been shown to be effective in MALT
lymphoma with remission rates of 55% to 73% without risk of
HCV reactivation.[13] Patients with hepatic MALT lymphoma
should be closely followed up for recurrence. However, it is
regretful that our patient has refused any further treatment.
Primary hepatic MALT lymphoma is a rare disease. There is

no specific feature to accurately diagnose it from its clinical
manifestations, laboratory examinations, or imaging studies. As
far as 18F-FDG PET/CT imaging is concerned, MALT lymphoma
demonstrates an increased FDG uptake. Delayed FDG PET/CT
scan is also an option and is believed to improve detection of
hepatic MALT lymphoma lesions. The pathological examina-
tions including immunohistochemistry, flow cytometry, and
4

karyotype analysis remain the most reliable tools that may help
through the differential diagnosis. Unfortunately, there is no
uniform guideline for the treatment of primary hepatic lympho-
ma MALT presently. Recent data on 18F-FDG PET/CT imaging
in the evaluation of hepatic MALT lymphoma have possibly
brought to light a prospective gateway toward an improved
management. Nonetheless, further clinical and experimental
studies, together with multicenter collaboration, are needed
to supplement and polish our current understanding of the
disease.
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