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INTRODUCTION

THE REMARKABLE FEATURES of F-18 fluorodeoxyglucose
(FDG) positron emission tomography (PET) make it
possible to determine whether tumors are malignant or
benign by detecting the level of glucose metabolism in
tumor tissues.1–4

It is very important when choosing a therapeutic strat-
egy for malignant lymphoma (ML), to accurately evaluate
the spread and the stage of the disease. Computed tomog-
raphy (CT), ultrasound (US), and gallium 67 scintigraphy
(67Ga) have been used as non-invasive imaging tools that
enable the evaluation of almost all regions of the whole
body. Recently, the usefulness of PET, including PET-
CT, for the staging and treatment-monitoring of ML has
been discussed.4–8 It appears that PET is the most prom-
ising imaging tool with respect to the potential to improve

the accuracy of the staging of ML.1,5

ML, especially non-Hodgkin’s lymphoma, may occur
outside the lymph nodes and extranodal lymphoma oc-
curs in about 40% of ML patients.4,9–11 Extranodal in-
volvement is divided into two types. In the first type,
extranodal lymphoma is the origin of the disease, while in
the second type, the extranodal lymphoma results from
the regional spread of nodal disease or hematogenous
dissemination. For both types, it is very important to
accurately determine the number and location of extranodal
lesions, because the existence of extranodal disease is a
key factor in the prognosis of patients.12,13

Lopez-Guillermo et al. reported that the primary sites
of the disease were associated with particular clinico-
pathologic features and with the outcome in a large
number of diffuse large B cell type lymphoma (DLBCL)
patients from a single institution. They reported that the
patients with lesions in Waldeyer’s ring or gastrointesti-
nal (GI) showed better overall survival (OS) than patients
with lesions in nodal or other extranodal sites.12 There-
fore, when extranodal DLBCL is diagnosed, it is impor-
tant to determine not only how many lesions exist, but
also, whether the lesion is the primary site or not.
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Recently, Schoder et al. reported that the intensity of
FDG uptake distinguishes between indolent and aggres-
sive non-Hodgkin’s lymphoma.14

In the present study, we experienced three cases of
extranodal origin DLBCL localized in the breast, stom-
ach, and liver plus spleen, and in the initial diagnosis
FDG-PET was useful because of its clear findings. There-
fore, we report these cases and also review some literature
about extranodal DLBCL.

CASE REPORT

Case 1
A 63-yr-old Japanese man was admitted for examination
and treatment of abdominal pain and vertigo. US exami-
nation was performed first, and many tumors were found
in the liver and spleen. Blood examination showed a high
level of lactate dehydrogenase (LDH), soluble interleukin
2 receptor (sIL2R) and impaired liver function. Fine-
needle cytological biopsy of the liver was attempted;
however, a diagnosis could not be made. Next, FDG-PET
and CT scan with contrast medium were performed to
evaluate the disease.

Strong FDG accumulation was observed in multiple
regions in the liver and spleen, corresponding to the
tumors detected by CT (Fig. 1A and B). Maximum of
standardized uptake value (SUVmax) was approximately
17 in the liver tumors. The pattern of the accumulation
was homogeneous, round and very intense. In addition,
FDG uptake was increased in front of the thoracic verte-
brae; however, CT examined this area and the lesion was
determined to be due to degeneration of the vertebral body
because there were no apparent enlarged lymph nodes.
Whole-body PET scan did not show any evidence of
lymph node involvement or distant metastases, which
was confirmed by CT. From the results of a blood ex-
amination and the findings of PET, the possibility of a
malignant lymphoma was suspected strongly. Biopsy of
the liver was tried again, and the disease was diagnosed as
DLBCL.

After systemic chemotherapy, partial remission (PR)
was obtained and autologous blood stem cell transplanta-
tion (auto PBSCT) was planned for further therapy.

Case 2
A 68-yr-old Japanese female visited our hospital with the
chief complaint of tumor in the left breast.

Cytological fine-needle biopsy of the breast mass
showed DLBCL. Next, FDG-PET was performed for
further examination. Strong FDG accumulation was ob-
served in the mass in the left breast and SUVmax was
approximately 14. The pattern of the accumulation was
homogeneous, round and very intense (Fig. 2).

Whole-body PET scan did not show any evidence of
lymph node involvement or distant metastases. We diag-
nosed this as a rare case of primary breast lymphoma
based on the FDG-PET scan. After surgical resection,

Fig. 1   A, MIP image. B, Representative axial CT images.
Strong FDG accumulation was observed in multiple regions in
the liver and spleen, corresponding to the tumor detected by CT.
(A and B). SUVmax was approximately 17 in the affected liver
tumor. The pattern of the accumulation was homogeneous,
round and very intense. Black arrows show the uptake in liver
and spleen. In addition, FDG uptake was increased in front of the
thoracic vertebrae; however, this region was examined by CT
and the lesion was determined to be due to degeneration of the
vertebral body because there were no apparent enlarged lymph
nodes. Whole-body PET scan did not show any evidence of
lymph node involvement or distant metastases, and this was
confirmed by CT.

Fig. 2   Representative axial image. Strong FDG accumulation
was observed in the mass in the left breast and SUVmax was
approximately 14. The pattern of the accumulation was homo-
geneous, round and very intense. Black arrows show the uptake
in the tumor of the left breast.
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radiotherapy and concurrent chemotherapy, PR was ob-
tained. Blood examination did not show a high level of
LDH, but a high level of sIL2R.

Case 3
A 55-yr-old Japanese man visited our hospital with the
chief complaint of motor weakness in the left leg. In the
department of neurology, multiple sclerosis (MS) was
suspected from his neurological findings. About 8 months
after the onset, this patient was admitted to our hospital for
motor weakness in the bilateral legs. During this hospi-
talization, gastroendoscopy was performed because of
appetite loss and anemia. This examination revealed a
submucosal mass of the stomach. Due to the findings of
gastroendoscopy, diffuse invasion in the submucosa of
the stomach was suspected.

Cytological fine-needle biopsy of this lesion showed
DLBCL. Next, FDG-PET was performed for further
examination. Strong FDG accumulation was observed in

Fig. 3   Representative axial (a-1) and coronal images (a-2).
FDG-PET showed accumulation in the stomach (black arrows).
SUVmax was approximately 17 in the early image (a-1), and 22
in the delayed image (b). Black arrows show the uptake in the
tumor of the stomach. In coronal image (a-2), there were two
accumulations of FDG in the stomach side by side, and both
lesions were confirmed to be primary lesions of ML of operation.

the mass in the stomach and SUVmax was approximately
17. The pattern of the accumulation was homogeneous,
and very intense. The delayed scan showed an increase of
SUVmax to 22 (Fig. 3).

Whole-body PET scan did not show any evidence of
lymph node involvement or distant metastases. We diag-
nosed this as primary stomach lymphoma and surgical
resection was planned for the initial therapy. Blood ex-
amination did not show a high level of LDH and sIL2R in
this case. After surgical resection, radiotherapy and con-
current chemotherapy, PR was obtained.

Table 1 shows a summary of the findings in these three
cases (Table 1).

FDG-PET scan protocol
The procedure for FDG-PET was as follows: An ECAT
EXACT HR 47 PET camera (Siemens/CTI) was used,
and imaging was performed using 3-D acquisition at 60
minutes after the intravenous administration of 250 MBq
18F-FDG. In case 3, we performed two scans, that is, the
first scan was started at 60 minutes after the administra-
tion, and the second scan was started at 120 minutes. The
collected data were reconstructed into a 128 × 128 pixel
image matrix. Tissue attenuation of annihilation photons
was corrected by transmission scans using rotating 68Ge/
68Ga line sources. Six bed positions of the body trunk were
applied, which covered areas from the neck to the pelvis.
The total time for one bed position was 6 minutes (mins),
with a transmission scan of 2 min and an emission scan of
4 mins. The patient fasted for at least 6 hours prior to the
examination. Normal glucose level was confirmed prior
to the PET scan. Regional FDG uptake in the affected area
was expressed as SUV.

DISCUSSION

Non-Hodgkin’s lymphoma may be of extranodal origin in
some cases, and extranodal origin sites exist in about 40%
of DLBCL patients.4,9–12 DLBCL is the most common
type of non-Hodgkin’s lymphoma, and occurs in approxi-
mately 30% of total non-Hodgkin’s lymphoma patients.15

It was reported that extranodal sites might be lung,
pleura, thymus, breast, spleen, liver, pancreas, muscu-
loskeletal system, and central nervous system.4

Table 1   Summary of three cases

Surface marker FDG-PET scan
Case Age Sex Location Histological diagnosis

CD5 CD10 CD20 LDH sIL2R Stage Findings SUVmax

1 63 m liver, spleen DLBCL (−) (−) (+) H H IVE HR 17
2 68 f breast DLBCL (−) (−) (+) N H IE HR 14
3 55 m stomach DLBCL NA NA (+) H H IVE HR 17

DLBCL: diffuse large B cell type lymphoma, NA: not available, H: high, N: normal, HR: homogeneous and round.
* These cases were diagnosed according to the American Joint Committee on Cancer (AJCC) stage.30

** Early and delayed scan were performed. The delayed scan showed an increase of SUVmax to 22.
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The International Prognostic Index (IPI) is widely used
as a prognosis prediction factor for choosing a treatment
strategy.13 IPI includes five factors, i.e. (1) age (>60
years), (2) clinical stage (III/IV), (3) performance status
(PS) (2–4), (4) serum LDH (>normal), and (5) the number
of extranodal lesions (two or more lesions). Thus, the
number of lesions outside of lymph nodes is important for
the prognostic evaluation of patients and is considered to
be very important for choosing appropriate treatment.
When the extranodal involvement is observed, there are
two possibilities. First, the extranodal lymphoma is the
origin, and second, the extranodal lymphoma is the result
of regional spread of nodal lymphoma and/or hematog-
enous dissemination. In fact, it is difficult to judge this
problem in some cases.

Whether the spleen should be included as a nodal or
extranodal site is controversial, and in the present study,
in case 1, we considered that the liver was the main
affected organ, although there was lymphoma in the
spleen. Therefore, case 1, in which there was lymphoma
in both the liver and spleen, was considered to be extranodal
origin lymphoma.

The intensity of FDG uptake was evaluated as SUVmax.
In the present study, every patient showed high SUVmax,
that is, more than 10. Schoder et al. showed that patients
with NHL (SUV > 10) have a high likelihood for aggres-
sive disease.14

Primary hepatic lymphoma is a very rare disease.16,17

Noronha et al. reported that primary hepatic lymphoma is
a rare malignancy and constitutes about 0.016% of all
cases of non-Hodgkin’s lymphoma. In addition, the pre-
dominant histology is B-cell lymphoma, most commonly
diffuse large cell type. The patients with lymphoma with
liver involvement also have spleen lesions.18 Bangerter et
al. reported a case report that showed high glycolytic
activity of a solitary mass in the liver with central necro-
sis.19

Primary breast lymphoma is also a very rare disease.
Giardini et al. reported that these cases represented 0.1%
of the more than 25,000 primary malignant tumors of the
breast treated during over a 30-year period in their insti-
tution.20 Vignot et al. reported that non-Hodgkin’s lym-
phoma of the breast represented 0.04–0.05% of malignant
lesions of the mammary gland in a single institution.21

Most breast lymphomas are B-cell lymphoma.22,23 There
are only a few reports of FDG-PET findings of extranodal
breast lymphoma.24,25 Kumar et al. reported the findings
of FDG-PET in a case of DLBCL, namely, intense and
diffuse FDG uptake in dense breast tissue that might have
been missed by CT and mammography. Bakheet et al.
reported ring-shaped FDG uptake in a patient with breast
lymphoma. In the present case 2, the FDG uptake was
intense, round and homogeneous.

The gastrointestinal tract is the most common site of
primary extranodal lymphoma.4,26 Any part of the gas-
trointestinal tract may be involved, from the oral cavity to

rectum. However, the stomach is the most frequent organ,
followed by the small intestine and colon. Gastrointesti-
nal tract lymphomas account for 4–20% of all cases of
non-Hodgkin’s lymphoma and 30–40% of all extranodal
lymphomas.26,27 One-half to two-thirds of gastrointesti-
nal tract non-Hodgkin’s lymphomas are DLBCL.27 Kumar
et al. reported intense and homogeneous uptake in the
region of the ascending colon and intense irregular uptake
in bowel loops. In the present case 3, the FDG uptake was
very intense and homogeneous. In terms of therapy,
surgical resection generally plays an important role for
localized non-Hodgkin’s lymphoma in terms of initial
therapy.29

In these three cases, we could easily evaluate the
distribution of the disease because of strong and localized
accumulation of FDG-PET. These clear findings leaded to
accurate diagnosis, that is, primary extranodal lymphoma.
Further, it was possible to evaluate that the masses were
not indolent but aggressive since the accumulation was
intense. Therefore, we considered that FDG-PET was a
useful functional imaging tool to evaluate extranodal
origin lymphoma.

CONCLUSION

We report the findings of FDG-PET for extranodal origin
lymphoma in cases with involvement of the breast, stom-
ach, and liver plus spleen. We conclude that whole-body
PET is a useful imaging tool in terms of defining the
primary sites of the cases of malignant lymphoma, that is,
extranodal origin or not.
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