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Abstract

AIM: To assess retrospectively the significance of ac-
cessory spleen-like mass (ASLM) in oncology patients
undergoing positron emission tomography/computed
tomography (PET/CT).

METHODS: The results of PET/CT of 913 patients
(278 lymphoma; 635 solid tumors) were reviewed. The
number, size, location and attenuation of all ASLMs,
and spleen attenuation, were recorded. ASLM fluorode-
oxyglucose uptake was graded as normal (less than or
equal to that in the liver) or representative of malignan-
¢y (more than in the liver). Follow-up PET/CT in patients
with ASLM was reviewed when available. ASLM size and
attenuation for spleen and ASLM were compared by un-
paired Student’s ¢ test. The y* and Fisher’s exact tests
were used to compare ASLM frequency and uptake for
lymphomatous and solid tumors, respectively.

RESULTS: ASLM frequency was 14.8%, with 152 ASLMs

144

Jgn?s:iﬁmg"‘ WJR | www.wjgnet.com

368

found in 135 patients. Mean attenuation was lower in
ASLM compared with spleen by enhanced and non-
enhanced CT (80.7 = 20.4 HU vs 92.0 £ 144 HU, P <
0.0011 and 42.3 £ 9.0 HU vs 51.5 £+ 6.3 HU, 2 < 0.0001,
respectively). ASLM incidence was higher in lymphoma
patients (56/278, 20.1%) than in those with solid tumors
(56/278, 20.1% vs 79/635, 12.4%, P = 0.0036). Patho-
logical uptake was found in four (7.1%) lymphoma pa-
tients but not in any patients with a solid tumor (P = 0.028)
and it upstaged one patient with lymphoma. Follow-up
PET/CT within 3-16 mo was available in 54% of patients
with ASLM. Lesion regression was noted in all four patho-
logical ASLMs on follow-up PET/CT after chemotherapy.

CONCLUSION: In patients with lymphoma, ASLM can
represent malignancy, and thus further characterization
with PET/CT might be warranted. Patients with neopla-
sia other than ASLM can be confidently diagnosed with
accessory spleen.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Accessory spleen (AS) is a congenital focus of healthy
splenic tissue that is separated from the main body of the
spleen. It is a frequently normal variant that is found in up
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to 30% of cases at autopsy examination”, Most AS is as-
ymptomatic and discovered incidentally during unrelated
| The spleen is the largest single lymphatic
organ in the body. AS can resemble a lymph node, both
on computed tomography (CT) and macroscopically™
In a recent large study, AS was found in 15.6% of patients
from a general population who were undergoing contrast-
enhanced abdominal CT. They were recognized to have
a distinct appearance on CTP. Most appeared as a well-
marginated, round, oval or triangular mass, smaller than 2
cm, with attenuation similar to that of splenic tissue, and
homogeneous enhancement on contrast-enhanced im-
ages . Awareness of the characteristic CT appearance of
AS is important for the radiologist to interpret CT studies
correctly and avoid mistaking AS for a clinically significant
abnormalityp’ﬂ

The presence of AS might pose a problem in cancer
patients who are evaluated by CT. AS can increase the sus-
picion of an enlarged lymph node in lymphoma patients,
as well as for a solid tumor in the adrenal gland, pancreas,
stomach or intestine, and even in the testes®”. However
in the most common location, near the hilum of the
spleen or adjacent to the tail of the pancreas, a pathologi-
cal lymph node or tumor can be mistaken as AS™'*'

Combined positron emission tomography/CT (PET/
CT) with 2-[°F] fluoro-2-deoxy-D-glucose (FDG) is in-
creasingly used for staging, restaging, and treatment moni-
toring in cancer patients. PET allows the detection of
increased metabolic activity in tissue that can appear mot-
phologically normal at CT" and therefore distinguish a
malignant tumor from AS.

We retrospectively assessed the frequency and appear-
ance of accessory spleen-like masses (ASLMs) in a large
cohort of oncological patients who were referred for
PET/CT. The combined value of FDG uptake and CT
for differentiation of AS from tumor resembling AS was
assessed.

lﬂVCStlgathflS

MATERIALS AND METHODS

Patients

We retrospectively reviewed PET/CT performed in two
separate medical centers during a 3-mo period (February-
April 2007). Institutional ethics review board approval
was obtained from both medical centers, and informed
consent was waived. Databases of all PET/CT exami-
nations performed in both centers were evaluated, and
915 consecutive patients with histopathologically proved
malignancy in various stages of medical treatment were
identified. Two patients were excluded due to previous
splenectomy. The study included 913 patients (519 female,
394 male; mean age 61 years, range 11-89 years). Primary
cancers included 278 lymphomas and 635 solid tumors,
with colorectal, breast, and lung cancers being most com-

mon (Table 1).

PET/CT scanning
All studies wete performed using an integrated PET/CT
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Tumor type Patients ASLM
Lymphoma 278 (30.4) 56 (41.5)
Colorectal 167 (18.3) 26 (19.3)
Breast 129 (14.1) 16 (11.8)
Lung 109 (11.9) 19 (14.1)
Gynecological 68 (7.4) 10 (7.4)
Melanoma 40 (4.4) 1(0.7)
Stomach 33 (3.6) 0(0)
Genitourinary 14 (1.5) 1(0.7)
Others' 75 (8.4) 6 (4.4)
Total 913 (100) 135 (100)

]Thyroid, prostate, head and neck, unknown primary, sarcoma, gastroin-
testinal stromal, hepatocellular. ASLM: Accessory spleen-like mass.

scanner (Discovery ST; GE Medical Systems, Milwaukee
WI; or Gemini GXL; Philips Medical Systems, Cleveland,
OH, USA). Preparation for PET/CT examination was
similar in both centers and included fasting for at least
4 h before FDG administration. Patients were required
to drink oral contrast medium (1 L of water with 30 mL
Telebrix Gastro and ioxitalamate in a concentration of
300 mgl/ml; Guetbet, Roissy CDG, France). FDG dose
varied from 370 to 666 MBq (10-18 mCi) according to pa-
tient weight, and was injected at 45-60 min before acquisi-
tion of emission images (PET).

Parameters for CT' image acquisition were as follows:
for Discovery PET/CT, spiral CT at 0.8 s per rotation with
100-300 mAs, 120 kVp, section thickness of 3.75 mm, and
3.75 mm interval. Intravenous contrast material was not
administered. PET images were obtained using a weight-
based protocol, with 3-4 min acquisition time pet bed posi-
tion. All PET images were reconstructed using an iterative
algorithm, with CT-based attenuation correction applied.
For Gemini PET/CT, CT parameters were as follows:
0.5 s per rotation with 80-200 mAs, 120 kVp, section thick-
ness of 5 mm, and 2.5 mm interval. Todine contrast media
(Ultravist 300; iopromide 0.623 g/mL; Bayer Schering
Pharma AG, Betlin, Germany; in a volume of 1.5 mL/kg)
was intravenously administered. Patients with iodine allergy
or chronic tenal failure, and those who refused contrast,
were examined with non-enhanced CT. Immediately after
CT, a PET scan was performed. Acquisition time for the
emission was 3-4 min per bed position with a one-section
overlap. Six to eight bed positions from skull base to mid-
thigh resulted in an acquisition time of 18-24 min. CT data
were used for attenuation correction. Images were recon-
structed using a standard iterative algorithm. Besides the
use of intravenous contrast, there was no difference in the
PET/CT techniques between the two centets.

Image interpretation

All CT, PET and fused PET/CT images were retrospec-
tively examined. An ASLLM was defined as a distinct well-
matginated, round mass near to the spleen. Axial, coronal,
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sagittal, and maximum intensity projections were viewed
with AW-4.2 Workstation software (GE Medical Systems).
The total number of ASLMs per patient, size (in the
biggest dimension), location and CT attenuation of the
spleen and the ASLM were recorded. Locations of the
ASILMs were defined within discrete anatomical areas at
the left upper quadrant. The spleen was divided cranio-
caudally into the upper (above the hilum), middle (hilum
level) and lower third (below the hilum). On axial images,
the space in front of the spleen was defined as anterome-
dial or anterolateral, and the space behind the spleen as
posteromedial or posterolateral.

Visual analysis of FDG uptake in ASLM was assessed
and graded from normal, defined as uptake less than or
equal to uptake in the liver, to pathological, defined as
intense uptake higher than that of the liver. ASLM with
normal uptake was considered as an AS, whereas patho-
logical uptake indicated malignant involvement of the
ASI.M™, Follow-up PET/CT was reviewed for patients
with ASLM. ASLM was evaluated for stability or regres-
sion in size and uptake.

Statistical analysis

Values are expressed as mean * SD (range). Size and at-
tenuation measurements obtained by CT for the spleen
and ASLM were compared using the unpaired Student’s
¢ test. The Xz test was used for comparison of ASLM fre-
quency in patients with lymphomatous »s solid tumors.
Fisher’s exact test was used to compare the frequency of
pathological ASLM in lymphomatous disease »s solid types
of cancer. P < 0.05 was considered statistically significant.

RESULTS

The frequency of ASLM was 14.8%, with 152 ASLMs
found in 135 of 913 patients. ASLMs were found in 76
female and 59 male patients with a mean age of 59.8 years
(range: 11-89 years) (Table 1). In 18 patients, more than
one ASLLM was found, with a maximum of four ASLMs in
a single patient. All ASLMs were round and well-marginat-
ed, with a mean size of 1.2 £ 0.46 cm (range: 0.5-2.9 cm).
Only 13 (8.8%) were = 2.0 cm. The most common loca-
tions were anteromedial in the lower third (28.9%), antero-
medial in the mid-third (19.7%), and anteromedial in the
upper third (16.9%).

Mean attenuation for ASLMs was 80.7 = 20.4 HU
(range: 19.0-114.0 HU) in 55 contrast-enhanced CT exam-
inations, and 42.3 £ 9.0 HU (range: 19.3-56.7 HU) in 80
non-enhanced CT studies. Mean attenuation in the spleen
was higher both in contrast-enhanced (92.0 = 14.4 HU,
range: 46.0-127.0 HU, P < 0.0011) and non-enhanced CT
(51.5 £ 6.3 HU, range: 39-91 HU, P < 0.0001) examina-
tions, with the difference being statistically significant.

The incidence of ASLM in lymphomatous patients (56
out of 278) was significantly higher than in patients with
solid tumors (79 out of 635) (20.1% and 12.4% respec-
tively, P = 0.0030). Intense pathological uptake of FDG
in an ASLM was found in four out of 56 (7.1%) lympho-
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matous patients and in none of the 79 patients with solid
tumors (P = 0.028). In one patient, the finding of a posi-
tive ASLM changed the management of the disease by
upstaging from stage 1 to stage 3 (Figure 1).

Additional interval PET/CT studies from 3 to 16
mo were obtained in 73 out of 135 (54%) patients with
ASLM. In 69 patients (36 with solid tumors and 33 lym-
phomatous) without FDG uptake, there was no change
in shape or size in the follow-up study, which confirmed
the ASLM as an AS. All four lymphomatous patients with
pathological FDG uptake in ASLM had regression of the
disease demonstrated by PET/CT obtained after che-
motherapy. In three patients, the ASLM vanished, which
strongly suggested a diagnosis of pathological lymph node
mimicking an AS. In one additional patient, there was in-
tense pathological uptake of FDG in both the spleen and
the ASLM. Lymphomatous involvement of the AS and
the spleen was confirmed by stability of the size and loca-
tion of the ASLM in subsequent PET/CT after chemo-
therapy, but without FDG uptake (Figure 2).

Three pathologic ASLMs were located anteromedially
in the lower third area and one posterolaterally in the mid-
third area. The mean size of the pathological ASLMs was
larger than the normal ASLMs (1.8 + 0.19 cm and 1.2 *
0.46 cm respectively, P < 0.001), with the difference being
statistically significant.

DISCUSSION

We found 152 round masses in the left upper quadrant
with CT characteristics suggestive of an AS, in 135 out
of 913 (14.8%) oncology patients referred for PET/CT.
This is similar to the frequency (15.6%) of AS reported in
a large general population referred for contrast-enhanced
CT". The significantly higher incidence of ASLM in lym-
phoma patients (20.1%) #s incidence in patients with solid
tumors (12.4%) (P = 0.0036) was an unexpected finding,
The higher incidence of ASLM in lymphomatous patients
could be explained by lymphatic tissue activation, which
might lead to an increase in the size of microscopic ASs
previously not seen on conventional imaging. Further-
more, the incidence of pathological ASLM was signifi-
cantly greater in lymphomatous than in solid tumor pa-
tients. ASLMs found in four out of 56 (7.1%) lymphoma
patients demonstrated pathologically increased metabolic
activity by intense FDG uptake, and changed the manage-
ment in one patient. No pathological FDG uptake was
seen in 79 ASLMs found in patients with solid tumors. By
compating PET/CT findings with previous examinations
in the four lymphoma patients, we concluded that an AS
was involved with lymphoma in one case, whereas three
cases were found to be pathological lymph nodes mimick-
ing a normal AS on CT.

The mean size of ASLMs with normal FDG uptake
was significantly smaller than that of the pathological
ASLMs. ASLM < 1.5 cm was always benign; however, the
mean size of both normal and pathological ASLMs was <
2 cm. The most common anatomical location for ASs was
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Figure 1 Pathological uptake of 2-["°F] fluoro-2-deoxy-D-glucose in accessory spleen-like mass in a lymphoma patient. A: Positron emission tomography (PET)
maximum intensity projection shows intense focal uptake in a mediastinal lymph node and in an accessory spleen-like mass (ASLM) in a 31-year-old man with Hodg-
kin's lymphoma; B: Transverse PET/computed tomography (CT) images show intense 2-["°F] fluoro-2-deoxy-D-glucose uptake in the ASLM; C: Transverse PET/CT
images obtained after treatment showing complete regression of the enlarged pathological lymph node.

Figure 2 Transverse positron emission tomography/computed tomography images show intense uptake of 2-["°F] fluoro-2-deoxy-D-glucose in the spleen and
accessory spleen, which corresponded to lymphomatous involvement in an 83-year-old woman with non-Hodgkin’s lymphoma.

in the anteromedial lower third, as shown by Mortele ¢ /. ber of pathological ASLLMs was also in the anteromedial
The most common anatomical location of our small num- lower third.
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The combined PET/CT study provides important
information that is not given by either modality alone.
PET detects increased metabolic activity of glucose in
tissue that can appear morphologically normal with CT,
and therefore might be useful to differentiate benign from
malignant lesions"”. CT provides superior contrast and
spatial resolution, with precise anatomical localization and
attenuation measurements, but lacks functional informa-
tion other than nonspecific contrast enhancement and
washout. It has been proposed that ASs might be discrim-
inated from pathological lymph nodes or a tumor in the
splenic hilum when they enhance on CT to the same de-
gree as the spleen[3’4]. In our study, there was a statistically
significant difference in CT attenuation measurements
for ASs and the spleen itself, both with and without con-
trast injection. This low attenuation in ASs has also been
reported by Mortele ¢z a/”, and they have suggested that
partial volume effects can contribute to this apparently
low attenuation because of the small size of these struc-
tures. Although the ASLMs have lower density, this is not
a reliable sign of malignancy. All four pathological ASLMs
detected by PET/CT had attenuation measurements simi-
lar to the ASs, and could be at first mistakenly interpreted
as an AS based on the characteristic CT findings.

Other imaging techniques like magnetic resonance
imaging (MRI) and ultrasound (US) cannot distinguish
with high confidence between an AS and a pathological
lymph node. The US echogenicity and MRI signal inten-
sity and enhancement of the spleen on images obtained
with various pulse sequences are determined by the high
blood content, and the neoplastic tissue can resemble nor-
mal parenchyma'*"". Functional imaging with Tc-99m-
labeled sulfur colloid, or Tc-99m-labeled, heat-denatured
autologous red blood cells, has been shown to be useful in
detecting splenic tissue and confirming the presence of an
accessory or ectopic spleen[1’7’18].

The findings of our study could have clinical implica-
tions. Although PET/CT with FDG offers higher accu-
racy and sensitivity than PET or CT alone for lymphoma
detection, the role of PET/CT for routine evaluation of
lymphoma patients is still being defined"”™. Also, PET/
CT is not available everywhere and CT is still usually
performed in these patients. In lymphoma patients with
ASLM on CT, further functional or metabolic imaging
might be suggested to distinguish an AS from a pathologi-
cal lymph node. In patients with other types of neoplasia,
ASLM could be diagnosed as an AS.

Our study had some limitations. Low-grade lympho-
mas and some solid tumors might have low FDG activity,
and thus FDG PET/CT could underestimate the real
incidence of pathological ASLM. Functional imaging with
radiocolloid or heat-denatured autologous red blood cells
was not performed to confirm the presence of splenic tis-
sue in all ASs. However, ASs were confirmed by sequential
PET/CT imaging in more than half of the patients, and
the lack of FDG uptake in the ASs was highly suggestive
of a normal structure rather than a tumor. We combined
data from two medical centers. Although the techniques
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varied with regard to intravenous use of iodine, all other
portions of the PET/CT examinations were similar.

In conclusion, ASLLM frequency in oncology patients
1s similar to the frequency published in the general popu-
lation. It was higher in lymphomatous patients, of which
about 7% showed malignant involvement. In lymphoma
patients, awareness of an ASLM is important for the radi-
ologist to interpret the CT findings correctly and raise the
possible need to perform further functional or metabolic
studies to avoid mistaking AS for a pathological mass. In
patients with other types of neoplasia, ASLM can be con-
fidently diagnosed as an AS.
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