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Abstract: The aim of the study was to compare differences between

lymphoma and inflammation as indicated by high diffuse uptake of 18F-

fluorodeoxyglucose (18F-FDG) in the spleen, liver, and bone marrow

without increased 18F-FDG uptake in the lymph nodes and without

enlarged peripheral lymph nodes.

Eighteen lymphoma patients and 14 inflammation patients were

examined with 18F-FDG positron emission tomography–computer

tomography (PET-CT). All patients displayed high diffuse uptake of
18F-FDG in the spleen, liver, and bone marrow without increased 18F-

FDG uptake in the lymph nodes and without enlarged peripheral lymph

nodes. Our analyses compared the maximum standardized uptake values

(SUVmax) of 18F-FDG uptake ratios between the spleen/liver, the

spleen/bone marrow, and the liver/bone marrow and further compared

spleen sizes between lymphoma and inflammation patients.

Using Student t test, no significant differences were found in the

SUVmax ratios of spleen/liver and liver/bone marrow between the

lymphoma and inflammation patients (t¼ 0.853, P¼ 0.401 > 0.05;

t¼ 1.622, P¼ 0.115 > 0.05). However, the SUVmax ratio of the

spleen/bone marrow of the lymphoma patients was significantly differ-

ent from that of the inflammation patients (t¼ 2.426, P¼ 0.021< 0.05).

The spleen size between the lymphoma and inflammation patients was

also significantly different (t¼ 2.911, P¼ 0.007< 0.05).

As indicated by 18F-FDG PET-CT, our study demonstrated that

lymphoma and inflammation patients displayed a few differences

despite both having high diffuse uptake of 18F-FDG in the spleen,

liver, and bone marrow without enlarged peripheral lymph nodes and
Zhifeng Chen, Xinc ng Yi,
nd Zhiyun Yang, PhD

Abbreviations: 18F-FDG = 18F-fluorodeoxyglucose, CT =

computer tomography, FOV = field of view, G-CSF = colony-

stimulating factor, GMCSF = granulocyte-macrophage colony-

stimulating factor, HSTL = hepatosplenic T-cell lymphomas, LOR

= line of response, MRI = magnetic resonance imaging, PET =

positron emission tomography, PET-CT = positron emission

tomography–computer tomography, ROI = region of interest,

SUVmax = maximum standardized uptake values.

INTRODUCTION

P atients with diffuse high uptake of 18F-fluorodeoxyglucose
(18F-FDG) in the spleen, liver, and bone marrow but without

increased 18F-FDG uptake in the lymph nodes and without
enlarged peripheral lymph nodes are frequently observed in
lymphoma or inflammation.1,2 However, whether these 18F-
FDG uptakes reflect the involvement of inflammatory or lym-
phoma activation has been difficult to determine. Traditional
anatomic imaging techniques computer tomography (CT) and
magnetic resonance imaging (MRI) cannot be effectively uti-
lized to correctly diagnose inflammatory or lymphomas acti-
vation because they only reveal the organ sizes. Organ sizes
cannot be used to assess whether patients have lymphoma
because organs may be enlarged without neoplastic involve-
ment or may be of normal size despite tumor infiltration.3

More recently, a hybrid positron emission tomography–
CT (PET-CT) imaging technique has become the standard
imaging modality for the initial staging, treatment response
assessment, and follow-up in patients with lymphoma and has
been shown to be superior to traditional anatomic imaging (CT
and MRI).4 PET with 18F-FDG has gained wide acceptance as a
very useful imaging modality in evaluating a variety of inflam-
matory and neoplastic diseases. 18F-FDG PET presents major
advantages over traditional anatomic imaging (CT and MRI)
because it depicts functional and metabolic abnormalities,
which often precede anatomic changes.

The spleen is the largest lymphoid organ and blood filter-
ing unit in the body.5 The spleen has rich and diverse popu-
lations of immune cells and a specific anatomy, enabling the
surveillance and phagocytosis of circulating blood elements.
The spleen provides an important defensive role against patho-
gens, including the development of T and B lymphocytes upon
antigenic challenge, the clearance of encapsulated bacteria, the
release of immunoglobulins upon antigenic challenge by B
lymphocytes, and the production of immune mediators involved
in the clearance of bacteria.6 The affinity of glucose transporters
for deoxyglucose is apparently increased in inflammation by
various growth factors and cytokines.7 For this reason,
increased 18F-FDG uptake of spleen may reflect spleen
e in cases of inflammation. Moreover,
DG uptake of spleen could reflect lym-
wever, diffuse 18F-FDG uptake of spleen
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could also reflect the proliferation and activation of
macrophages as observed after the injection of granulocyte
colony-stimulating factor (CSF) or granulocyte-macrophage
CSF.9

Unfortunately, the 18F-FDG tracer is not specific for
malignant lymphomas.10 Tumors and inflammatory and infec-
tive processes show increased 18F-FDG uptake. PET with 18F-
FDG has great potential in the evaluation of a variety of
inflammatory disorders and other benign disorders.11

Although PET with 18F-FDG is widely used for diagnosing,
staging, monitoring therapy, and restaging in lymphomas,
limited data are available regarding its ability to detect
lymphomatous involvements of the spleen, bone marrow,
and liver without apparent lymph node enlargement. In this
study, we reviewed the clinical significance of the diffuse high
uptake of 18F-FDG in the spleen, bone marrow, and liver in

Rao et al
18F-FDG PET-CT for different clinical settings without appar-
ent lymph node enlargement and without increased 18F-FDG
uptake in lymph nodes.

TABLE 1. Clinical Information of Patients Detected by 18F-FDG P

Number Gender Age, y

SUVmax
Ratio of

Spleen/Liver

SUVmax
Ratio of

Spleen/Bone

SUV
Rati

Liver

1 Female 55 0.79 1.21 1.5
2 Female 36 4.90 1.09 0.2
3 Female 51 1.50 1.19 0.7
4 Male 43 1.03 1.30 1.2
5 Female 25 1.33 0.59 0.4
6 Female 46 1.39 0.69 0.5
7 Female 57 2.00 2.41 1.2
8 Female 32 1.20 0.89 0.7
9 Female 55 1.53 1.35 0.8
10 Male 73 1.94 1.82 0.9
11 Male 40 0.82 1.18 1.4
12 Female 41 1.55 1.48 0.9
13 Male 42 3.38 1.93 0.5
14 Male 44 1.06 1.06 1.0
15 Male 26 1.24 0.94 0.7
16 Male 49 1.50 1.39 0.9
17 Female 62 0.86 0.66 0.7
18 Male 55 2.34 2.47 1.0
19 Male 72 1.25 1.21 0.9
20 Female 38 2.42 0.71 0.2
21 Female 19 0.89 0.85 0.9
22 Male 38 1.50 1.14 0.7
23 Male 53 1.27 0.80 0.6
24 Female 75 2.00 1.19 0.5
25 Male 13 0.67 0.86 1.2
26 Female 36 1.17 0.74 0.6
27 Male 33 1.32 0.94 0.7
28 Female 39 1.13 0.82 0.7
29 Male 55 1.82 0.75 0.4
30 Male 29 1.08 0.65 0.6
31 Male 36 1.65 1.41 0.8
32 Male 54 1.92 1.05 0.5

18F-FDG¼ 18F-fluorodeoxyglucose, PET-CT¼ positron emission tomogra
values.
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MATERIALS AND METHODS

Patients
Our study consisted of 32 patients (18 lymphoma patients

and 14 inflammation patients) with diffuse high uptake of 18F-
FDG in the spleen, liver, and bone marrow but without increased
18F-FDG uptake in lymph nodes. No enlarged peripheral lymph
nodes (i.e., diameter < 10 mm) were found in any patient. All
patients were subjected to 18F-FDG PET-CT before the begin-
ning of treatment. We studied 18 lymphoma patients (8 men and
10 women; age range, 25–73 years; mean age, 49.36 years) and
14 inflammation patients (9 men and 5 women; age range, 13–
75 years; mean age, 49.19 years). Patients with a history of
known spleen and liver findings and pregnancy were excluded.

All patients underwent bone marrow biopsies. However,
not every suspected spleen, liver, and bone lesion detected by
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imaging was histologically evaluated due to ethical and prac-
tical reasons. Therefore, the final diagnosis obtained for each
patient was based on histology, imaging (i.e., MRI or CT for

ET-CT

max
o of
/Bone

Size of Spleen,
Rib Units Pathology

Effusion,
(Pleural) (Pericardia)

(Peritoneal)

3 8 T-cell (þ) (�) (�)
2 9 B-cell (þ) (�) (þ)
9 11 T-cell (�)(þ) (þ)
6 7 T-cell (�) (�) (�)
4 8 T-cell (�) (�) (�)
0 6 T-cell (þ) (þ) (þ)
1 10 B-cell (þ) (þ) (þ)
4 8 T-cell (�) (�) (�)
8 7 T-cell (�) (�) (�)
4 7 T-cell (�) (�) (�)
3 9 T-cell (þ) (�) (þ)
5 10 B-cell (�) (�) (�)
7 11 B-cell (þ) (þ) (þ)
0 13 T-cell (�) (�) (�)
6 11 T-cell (�) (�) (�)
3 10 B-cell (�) (�) (�)
6 6 T-cell (þ) (�) (þ)
6 8 B-cell (þ) (�) (þ)
7 4 Inflammation (þ) (�) (�)
9 9 Inflammation (�) (�) (�)
5 9 Inflammation (�) (�) (þ)
6 5 Inflammation (�) (�) (�)
3 5 Inflammation (�) (�) (�)
9 6 Inflammation (þ) (�) (�)
9 8 Inflammation (�) (�) (�)
3 7 Inflammation (�) (�) (�)
1 8 Inflammation (�) (�) (�)
3 9 Inflammation (þ) (þ) (�)
1 5 Inflammation (�) (�) (�)
0 10 Inflammation (þ) (�) (þ)
5 5 Inflammation (þ) (þ) (�)
5 8 Inflammation (þ) (þ) (�)

phy–computer tomography, SUVmax¼maximum standardized uptake
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were performed using Student t tests between 2 groups. Genders
bone and bone marrow assessments) and follow-ups. The final
diagnosis was confirmed by conventional imaging or PET-CT
and was modified after treatment (the progression or response of
initial lesion regions was confirmed in the follow-up).

The study was approved by the hospital ethics committee
and each individual participating in the study gave his or her
informed consent.

Detection of 18F-FDG PET-CT
PET-CT examinations were performed using a Gemini

GXL 16 scanner (Philips, Amsterdam, The Netherlands) in
3-dimensional acquisition mode. For PET, this scanner selected
an axial field of view (FOV) of 560 mm for whole-body scan.
Full-width at half-maximum at center of the FOV, trans-axial
spatial resolution was 4 mm full-width. The acquisition time
was 2 min/bed position in 3D mode. Low-dose CT acquisition
was performed before PET scan from the skull to the upper
thigh with 120 kV, the upper limit was 100 mA (automated tube
current) and transverse 2 and 5 mm section thickness.

PET was performed 60 min after an intravenous adminis-
tration of 185 MBq 18F-FDG approximately. Using the line of
response RAMLA algorithm reconstructed the PET images. CT
data were used for attenuation correction.

STATISTICS
As semiquantitative references, maximum standardized

uptake values (SUVmax) were generated using region of inter-
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ests (ROIs) in the spleen, liver, and bone marrow. The ROIs
were manually drawn inside the spleen, liver, and bone marrow
using CT data for anatomical locations.

FIGURE 1. Box plots showing the distribution of ages among patients
and upper quartiles, and the median is marked with a horizontal line

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Comparisons of age and the 18F-FDG SUVmax ratios of
the spleen/liver, spleen/bone marrow, and liver/bone marrow

PET-CT Evaluate Lymphoma Without Lymph Node Enlargement
were compared with the x2 test. All statistical tests were 2-tailed
and a P value< 0.05 was considered significant.

RESULTS
The characteristics of the 32 patients (18 lymphoma

patients and 14 inflammation patients) are summarized in
Table 1. In the lymphoma group, there were 8 men and 10
women. In the inflammation group, there were 9 men and 5
women. Using the chi-squared test, the genders of the 2 groups
showed no significant differences (x2¼ 1.245, P¼ 0.265 >
0.05). We studied 18 lymphoma patients (age range, 25–73
years; mean age, 49.36 years) and 14 inflammation patients (age
range, 13–75 years; mean age, 49.19 years; Figure 1). Using
Student t test, the average ages of the 2 groups also showed no
significant difference (t¼ 0.224, P¼ 0.823 > 0.05).

The 18F-FDG uptake values in the spleen were greater than
those in the liver for 15 of the 18 lymphoma patients (Figure 2),
and the SUVmax ratio between the spleen/liver was 1.69� 1.02
(95% confidence interval [CI]: 1.18, 2.19; Figure 3). The 18F-
FDG uptake values in the spleen were greater than those in the
bone marrow in 13 of the 18 lymphoma patients, and the
SUVmax ratio between the spleen/bone marrow was
1.31� 0.13 (95% CI: 1.25, 1.38; Figure 4). The 18F-FDG uptake
values in the liver were greater than those in the bone marrow in

5 of the 18 patients. The 18F-FDG uptake value in the liver was
equal to that in the bone marrow for only 1 patient, and the
SUVmax ratio between the liver/bone marrow was 0.89� 0.34

with lymphoma and inflammation. The box represents the lower
inside the box. The whiskers are the 10th and 90th percentiles.
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FIGURE 2. A lymphoma patient had high diffuse uptake of 18F-FDG in the spleen, liver, and bone marrow but no increased 18F-FDG
uptake in the lymph nodes and no enlarged peripheral lymph node. The patient had peritoneal effusion and pericardial effusion. 18F-FDG
¼ 18F-fluorodeoxyglucose.

FIGURE 3. Box plots showing the distribution of the maximum SUV ratio of spleen/liver among patients with lymphoma and
inflammation. The box represents the lower and upper quartiles, and the median is marked with a horizontal line inside the box.
The whiskers are the 10th and 90th percentiles with outlying observations individually plotted by squares outside the whiskers. SUV ¼
standardized uptake value.

Rao et al Medicine � Volume 95, Number 20, May 2016
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effusions, 1 patient had peritoneal effusion, 1 patient had both

FIGURE 4. Box plots showing the distribution of the maximum SUV ratio of spleen/bone marrow among patients with lymphoma and
inflammation. The box represents the lower and upper quartiles, and the median is marked with a horizontal line inside the box. The

atio
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(95% CI: 0.72, 1.06; Figure 5). The spleen sizes of all lym-
phoma patients were >5 rib units, and the average spleen size
was 8.83� 1.95 rib units (95% CI: 7.86, 9.80; Figure 6).

The 18F-FDG uptake values in the spleen were greater than
those in the liver for 12 of the 14 inflammation patients
(Figure 7), and the SUVmax ratio between the spleen/liver
was 1.44� 0.48 (95% CI: 1.16, 1.71; Figure 3). The 18F-FDG
uptake values in the spleen were greater than those in the bone
marrow in 5 of the 14 patients, and the SUVmax ratio between
the spleen/bone marrow was 0.94� 0.23 (95% CI: 0.81, 1.07;
Figure 4). The 18F-FDG uptake value in the liver was greater
than those in the bone marrow for only 1 patient, and the
SUVmax ratio of the liver/bone marrow was 0.71� 0.25 (95%
CI: 0.57, 0.86;Figure 5). The spleen sizes of 8 inflammation
patients were >5 rib units, and the average spleen size was
6.79� 2.01 rib units (95% CI: 5.63, 7.94; Figure 6). Using
Student t test, the differences of the SUVmax ratios between the
spleen/liver and the liver/bone marrow between the lymphoma
and inflammation groups were not significant (t¼ 0.853,
P¼ 0.401 > 0.05; t¼ 1.622, P¼ 0.115 > 0.05). Box plots
for the SUVmax ratios of the spleen/bone marrow and the
spleen sizes of the lymphoma and inflammation groups are
shown in Figures 4 and 6. The SUVmax ratios of the spleen/
bone marrow were significantly different between the 2 groups
(t¼ 2.426, P¼ 0.021< 0.05). The spleen sizes were also sig-
nificantly different between the 2 groups (t¼ 2.911, P¼ 0.007
< 0.05).

In the 18 lymphoma patients, 12 patients had T-cell

whiskers are the 10th and 90th percentiles with outlying observ
standardized uptake value.
lymphoma and 6 patients had B-cell lymphoma. In all B-cell
lymphoma patients, the 18F-FDG uptakes in the spleen were
greater than those in the liver and bone marrow. In only 3 T-cell

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
lymphoma patients, the 18F-FDG uptakes in the spleen were less
than those in the liver. In 5 T-cell lymphoma patients, the 18F-
FDG uptakes in the spleen were greater than those in the bone
marrow. The minimum and maximum spleen/liver SUVmax
ratios of the B-cell lymphomas were 1.50 and 4.90, respectively,
and the ratio of the spleen/liver was 2.61� 1.31. For the T-cell
lymphoma patients, the minimum and maximum spleen/liver
SUVmax ratios were 0.79 and 1.94, respectively, and the
SUVmax ratio of the spleen/liver was 1.22� 0.34. The
spleen/bone marrow SUVmax ratio of the B-cell and T-cell
lymphomas were 2.47 and 1.82, respectively, and the SUVmax
ratios of the spleen/bone marrow were 1.80� 0.57 and
1.07� 0.35, respectively.

In the 32 patients, 9 lymphoma patients and 7 inflam-
mation patients had effusions. In the 9 lymphoma patients, 1
patient had only pleural effusion, 4 patients had pleural and
peritoneal effusions, 3 patients had pleural, peritoneal, and
pericardial effusions (Figure 2), and 1 patient had pericardial
effusion. For the 7 inflammation patients, 2 patients had pleural

ns individually plotted by squares outside the whiskers. SUV ¼
pleural and peritoneal effusions, and 3 patients had both pleural
and pericardial effusions (Table 2).

DISCUSSION
There was diffuse increased 18F-FDG uptake in the liver,

spleen, and bone marrow, and no apparent lymph node enlarge-
ment was frequently observed in the lymphoma and inflam-

mation patients.1,2 PET with 18F-FDG has gained wide
acceptance as a very useful imaging method in evaluating a
variety of inflammatory and neoplastic diseases.

www.md-journal.com | 5



FIGURE 5. Box plots showing distribution of the maximum SUV ratio of liver/bone marrow among patients with lymphoma and
inflammation. The box represents the lower and upper quartiles, and the median is marked with a horizontal line inside the box. The
whiskers are the 10th and 90th percentiles with outlying observations individually plotted by squares outside the whiskers. SUV ¼
standardized uptake value.

FIGURE 6. Box plots showing distribution of the spleen size among patients with lymphoma and inflammation. The box represents the
lower and upper quartiles, and the median is marked with a horizontal line inside the box. The whiskers are the 10th and 90th percentiles.

Rao et al Medicine � Volume 95, Number 20, May 2016
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18F-FDG is a nonspecific tracer for malignant lympho-
mas.10 Both tumors and inflammatory and infective processes
show increased 18F-FDG uptake. Although patients with
inflammation and lymphomas can display the diffuse increased
uptake of 18F-FDG in the spleen, bone marrow, and liver
without apparent lymph node enlargement, a few differences
between each group of patients were evident in our study.

The spleen is the largest blood filter and lymphoid organ in
the body. It also provides an important role in defense against
pathogens.5,6 The increased 18F-FDG uptake of spleen may
reflect increased glucose usage of spleen during inflammation.
Moreover, diffuse increased 18F-FDG uptake of spleen (without
focus) could also reflect lymphoma infiltration in spleen.8

The liver is a unique immunological and anatomical organ
through a sinusoidal network and scanned by antigen-presenting
cells and lymphocytes. The lymphocyte population of liver is
enriched in natural killer T cells and natural killer cells, which
play important roles in the first-line immune defense against
circulating lymphocyte recruitment, liver injury, and invading
pathogens.12 Overall, a diffuse increased 18F-FDG uptake of the
liver can be observed in both inflammation and lymphoma. In
our study, 14 inflammation patients and 18 lymphoma patients
had increased 18F-FDG uptake in the spleen, liver, and bone
marrow (Figures 2 and 7).

In normal individuals, the 18F-FDG uptake in the spleen is

FIGURE 7. An inflammation patient had high diffuse uptake of 18F
uptake in the lymph nodes and no enlarged peripheral lymph no
less than those in the liver and does not change significantly
with age.13,14 A greater spleen 18F-FDG uptake than liver
uptake considered abnormal.15 In our study, 27 of the 32

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
patients had greater spleen 18F-FDG uptake than liver uptake.
Only 3 patients in the lymphoma group and 2 patients in the
inflammation group had lower 18F-FDG uptake in the spleen
than in the liver. In the 18 lymphoma patients, the SUVmax
ratio between the spleen/liver was 1.69� 1.02 (95% CI: 1.18,
2.19; Figure 3). In the 14 inflammation patients, the SUVmax
ratio between the spleen/liver was 1.44� 0.48 (95% CI: 1.16,
1.71; Figure 3). The SUVmax ratio between the spleen/liver was
not significantly different between the 2 groups of patients
(t¼ 0.853, P¼ 0.401> 0.05). Therefore, we speculated that the
diffuse and increased spleen and liver 18F-FDG uptake may be
present in many inflammatory conditions due to the activation
of the immune system in the spleen and liver. However, the
increased spleen and liver activities in patients do not necess-
arily indicate the presence of infections or tumors.6

Histologic evidence of lymphomas in the bone marrow has
been found in approximately 50% to 80% and 25% to 40% of
patients with low-grade and high-grade Non-hodgkin lym-
phoma (NHL), respectively.16 The reported involvement of
the spleen could be up to 44% in the lymphoma cases.17

Furthermore, for 35.4% of individuals with NHL, the spleen
was the only subdiaphragmatic location affected in the early
lymphoma clinical stages. The accurate staging of lymphoma is
necessary or vital to best determine optimal clinical manage-
ment and follow-up.

G in the spleen, liver, and bone marrow but no increased 18F-FDG
18F-FDG ¼ 18F-fluorodeoxyglucose.
In our study, 13 of the 18 lymphoma patients had spleen
uptakes of 18F-FDG that were greater than those of the bone
marrow, and the SUVmax ratio of the spleen/bone marrow was

www.md-journal.com | 7



TABLE 2. Number of Effusions in Lymphoma Group and
Inflammation Group

Pleura
Effusion

Pericardia
Effusion

Peritoneal
Effusion

Rao et al
1.31� 0.13 (95% CI: 1.25, 1.38). However, only 5 of 14
inflammation patients had greater 18F-FDG uptakes in the
spleen than in the bone marrow, with the SUVmax ratio of
0.94� 0.23 (95% CI: 0.81, 1.07). We found that the SUVmax
ratio of the spleen/bone marrow was significantly different
between the lymphoma group and the inflammation group
(P¼ 0.021< 0.05). For the 5 lymphoma patients with lower
18F-FDG uptake in the spleen than in the bone marrow, 4
patients had greater 18F-FDG uptake in the spleen, and only
1 patient showed the opposite result (Figure 4).

In the 18 lymphoma patients, 5 patients had SUVmax
ratios of liver/bone marrow and spleen/bone marrow >1. The
SUVmax ratio of liver/bone marrow was 0.89� 0.34 (95% CI:
0.72, 1.06; Figure 5). In the 14 inflammation patients, the
SUVmax ratio of liver/bone marrow was 0.71� 0.25 (95%
CI: 0.57, 0.86; Figure 5). Although no significant differences
were observed between the SUVmax ratios of liver/bone mar-
row between the lymphoma and inflammation groups
(P¼ 0.115 > 0.05), only 1 patient had an SUVmax ratio of
liver/bone marrow >1 and an SUVmax ratio of spleen/bone
marrow <1 in the inflammation group. Therefore, if the SUV-
max ratios of spleen/bone marrow and liver/bone marrow were
both>1, the possibility of lymphoma increased. However, if the
SUVmax ratios of spleen/bone marrow and liver/bone marrow
were <1, the possibility of lymphoma could not be entirely
excluded. Five lymphoma patients had SUVmax ratios of the
spleen/bone marrow and liver/bone marrow <1 in our study.
The genders and average ages of the 2 groups also showed no
significant difference.

Bone marrow biopsy is considered a standard diagnosis for
bone marrow diseases but may be limited due to the different
patterns of bone marrow involvement or technical issues. In the
detection of bone marrow disease, 18F-FDG PET has been
proved to be highly sensitive and has additional value over
bone marrow biopsies, which can also be used to direct biopsies
to focus the sampling sites of routine iliac bone marrow.17–20

The involvement of lymphoma in the spleen frequently
occurs as either micronodular or microscopic.21 From CT or
MRI scans, the focal hypodensity lesions of affected spleen are
rarely observed but are relatively specific for lymphomatous
involvement. Enlarged spleens, a more common finding, often
contain no evidence of tumors, so splenomegaly is nonspecific
lymphomatous involvement.22 In contrast, lymphomatous
spleens are frequently found with normal in size.23 Except
for the massive enlargement of the organ, the organ size is a
poor predictor of tumor involvement. In approximately 60% of
all untreated lymphoma cases, benign diseases and mostly
lymphocytic hepatic infiltrates have been found with enlarged
livers,24 and 30% of all enlarged spleens have been found with
nonmalignant causes.25 Ahmann et al26 reported a specificity of
61% and a sensitivity of 38% for the detection of spleen

Lymphoma 8 4 8
Inflammation 6 3 2
lymphomas on the basis of organ enlargement.
Organ size should not be used to assess whether a spleen

indicates lymphoma because the spleen may be enlarged

8 | www.md-journal.com
without neoplastic involvement or may be normal in size
despite tumor infiltration.27 In our study, the spleen sizes of
all lymphoma patients were more than 5 rib units, at 8.83� 1.95
rib units (95% CI: 7.86, 9.80; Figure 6). However, in the 14
inflammation patients, the size was 6.79� 2.01 rib units (95%
CI: 5.63, 7.94); 5 patients had spleen sizes no more than 5 rib
units. The maximum spleen size was 13 rib units in the
lymphoma group and 10 rib units in the inflammation group.
The spleen size between the lymphoma and inflammation
groups was significantly different (P¼ 0.007< 0.05). For
spleen sizes >7.86 rib units and for an SUVmax ratio of
spleen/bone marrow more than 1.25, the possibility of lym-
phoma increases. For spleen sizes <7.94 rib units and for an
SUVmax ratio of spleen/bone marrow <1.07, the possibility of
inflammation increases.

In our study, 9 lymphoma patients and 7 inflammation
patients had effusions. In the 9 lymphoma patients, 1 patient
only had pleural effusion; 4 patients had pleural and peritoneal
effusions; 3 patients had pleural, peritoneal, and pericardial
effusions; and 1 patient only had pericardial effusion. In the 7
inflammation patients, 2 patients had pleural effusion, 1 patient
only had peritoneal effusion, 1 patient had pleural and perito-
neal effusions, and 3 patients had pleural and pericardial effu-
sions. These observations suggest that a patient with pericardial
and pleural effusions but without peritoneal effusion could have
inflammation. However, when a patient had pericardial and
peritoneal effusions with or without pleural effusion, the possib-
ility of lymphoma was increased. These observations indicate
that pericardial effusion and peritoneal effusion are more
common in lymphoma cases. Approximately 40% of all patients
diagnosed with pneumonia have had an associated pleural
effusion.28 However, the number of patients with these subtypes
of lymphomas was small. Further studies are necessary to
confirm these results.

In the 18 lymphoma patients, 12 patients had T-cell
lymphomas and 6 patients had B-cell lymphomas. This may
suggest that the diffuse uptake in the spleen and liver without
apparent lymph node enlargement is more prone to take place in
T-cell lymphomas. This may be due to hepatosplenic T-cell
lymphomas (HSTL). These neoplasm cells are usually involved
in the spleen, liver, bone marrow, and peripheral blood. In
35.4% of the patients, the spleen was the only subdiaphragmatic
location affected in early clinical stages.29

HSTL is a rare form of extranodal disease. On examin-
ation, the liver and spleen are enlarged, but no enlarged
peripheral lymph nodes are observed.30,31 Up to 20% of HSTL
occur during chronic immune suppression, most commonly
during prolonged antigenic stimulation or solid organ trans-
plantation.32,33 Splenectomies have been the most common
diagnostic procedures. However, this surgical procedure can
be avoided if a confident diagnosis has already been attained by
means of liver biopsy, bone marrow histology, peripheral blood
cytology, or immunocytochemistry.

In our study, for all B-cell lymphoma patients, the 18F-
FDG uptakes in the spleen were greater than those in the liver
and in the bone marrow. For only 3 T-cell lymphoma patients,
the 18F-FDG uptakes in the spleen were less than those in the
liver. For 5 T-cell lymphoma patients, the 18F-FDG uptakes in
the spleen were greater than those in the bone marrow. The
minimum and maximum spleen/liver SUVmax ratios of B-cell
lymphomas were 1.50 and 4.90, respectively, and the SUVmax
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ratio of the spleen/liver was 2.61� 1.31. However, the mini-
mum and maximum spleen/liver SUVmax ratios of T-cell
lymphoma were 0.79 and 1.94, respectively, and the SUVmax
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ratio of the spleen/liver was 1.22� 0.34. The maximum spleen/
bone marrow SUVmax ratio of the B-cell lymphoma and of T-
cell lymphoma patients were 2.47 and 1.82, respectively. The
SUVmax ratios of the spleen/bone marrow were 1.80� 0.57
and 1.07� 0.35. Therefore, spleen/liver and spleen/bone mar-
row SUVmax ratios >1.94 and >1.82, respectively, the possib-
ility of B-cell lymphoma was increased. If the minimum spleen/
liver SUVmax ratio was <1.50, the possibility of B-cell lym-
phoma is low. However, the number of patients with these
lymphoma subtypes was small. Further studies are required to
confirm the results of these liver and spleen biopsies.

A limitation of this study is that study population included
few patients due to the strict inclusion criteria necessary to
achieve our main purpose of establishing an optimal protocol
for PET-CT methods. Furthermore, we did not have histopatho-
logic confirmations for all detected lesions. A few findings had
to be evaluated on the basis of follow-up imaging and
clinical data.

In conclusion, 18F-FDG PET is 1 of the most accurate tools
for assessing treatment responses and prognoses in lymphomas
and is more accurate than clinical indices or traditional ana-
tomic imaging. Our study demonstrated that 18F-FDG PET-CT
played a valuable role in differentiating lymphoma and inflam-
mation patients with high diffuse uptake of 18F-FDG in the
spleen, liver, and bone marrow without increased 18F-FDG
uptake in nonenlarged lymph nodes. Additional attention should
be directed to extranodal sites to correctly identify primary
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systemic (extranodal) forms of lymphomas without apparent

lymph node enlargement and without metabolically
active lymphadenopathy.
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