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I8F.FDG PET is superior to Ga SPECT in the staging
of non-Hodgkin’s lymphoma

Fumiyasu Yamamoto,*>** Eriko Tsukamoto,** Kunihiro Nakapa,** Toshiki TAKEL**
Songji ZHao,** Masahiro Asaka* and Nagara TAMAKI**

*Third Department of Internal Medicine and **Department of Nuclear Medicine,
Hokkaido University Graduate School of Medicine

Objective: Our study aims to compare diagnostic accuracy between '8F-FDG PET and ’Ga SPECT
in the staging of non-Hodgkin’s lymphoma. Methods: Twenty-eight patients with non-Hodgkin’s
lymphoma, underwent '8F-FDG PET, ®’Ga SPECT and CT for the pretreatment staging of
malignant lymphoma between August 1999 and March 2002. '8F-FDG PET imaging was obtained
60 minutes after the intravenous administration of 185 MBq of '®F-FDG. ’Ga SPECT imaging was
obtained 2 days after the intravenous administration of 148 MBq of ®’Ga. '8F-FDG PET and ®’Ga
SPECT were performed within one month. Both imagings were performed on the area from the neck
to the pelvis. The '8F-FDG PET and 9’Ga SPECT findings were compared with the CT findings and
the clinical course. Results: Sixty-six nodal lesions were clinically confirmed. Of these, 32 were
identified by both '8F-FDG PET and 4’Ga SPECT. The remaining 34 lesions were identified only
by "8F-FDG PET. The mean (= SD) sizes of the nodes were 34.7 = 32.4 mm for '8F-FDG-positive
and ®’Ga-positive lesions and 15.7 = 8.3 mm for '®F-FDG-positive and ®’Ga-negative lesions (p <
0.001). Of the 23 extranodal lesions, 12 were identified by both '8F-FDG PET and °’Ga SPECT,
whereas 6 lesions were identified by only 'F-FDG PET. Five lesions were not identified by either
technique. No '8F-FDG-negative but ¢’Ga-positive nodal or extranodal lesions were observed. The
difference in findings between the two studies is related to the difference in the size but not in the
histology or site of the lesions. Conclusion: '8F-FDG PET detected significantly more lesions
particularly small lesions than ’Ga SPECT. Thus, '*F-FDG PET is considered to be superior to “’Ga
SPECT in the staging of non-Hodgkin’s lymphoma.
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INTRODUCTION

ACCURATE STAGING is important in deciding the appropri-
ate treatment for patients with non-Hodgkin’s lymphoma.'
Positron emission tomography (PET) can provide meta-
bolic information useful in the staging of malignant lym-
phoma. 2-['8F]-fluoro-2-deoxy-p-glucose (‘*F-FDG)
uptake by tumors is proportional to the glycolytic meta-

Received February 25, 2004, revision accepted May 21, 2004.

For reprint contact: Fumiyasu Yamamoto, M.D., Department
of Nuclear Medicine, Hokkaido University Graduate School
of Medicine, Kita 15 Nishi 7, Kita-ku, Sapporo 060—8638,
JAPAN.

E-mail: fumiyasu@xb4.so-net.ne.jp

Vol. 18, No. 6, 2004

bolic rate of viable tumor cells, reflecting the increased
metabolic demand for glucose.? An important role of 8F-
FDG as a tumor-seeking agent has been established for
various malignant tumors.>* The glucose analog '8F-
FDG is transported, phosphorylated, and metabolically
trapped in malignant cells. Malignant lymphoma en-
hances '8F-FDG uptake, indicating a high metabolic
activity. The staging of malignant lymphoma utilizing
BF-FDG PET has been reported to be reliable in terms of
accuracy, correlation with proliferative activity, and cost
effectiveness, as compared with conventional imaging
techniques.> '8

97Ga imaging has been used for the staging of Hodgkin’s
disease and high-grade non-Hodgkin’s lymphoma, how-
ever, it suffers from a low spatial resolution, lack of
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Table 1 Patients’ characteristics and imaging results

. . Region of CT . Stage
Pa;ent Age Sex R;%llon,()f extranodal Flng—.PET SUV i Gda size diFmali Grade G FDG- Final
o. (y) nodal lesions lesions nding nding (mm) iagnosis a PET  diagnosis
1 48 F  Para-aorta + + 120 + Low 1 1 1
2 58 F Tleum - - + Low 0 0 I
3 58 M Lt/Rt subclavia + 6.2 + 18/21 + High it 1T 1T
Lt/Rt axilla + 3.8 + 22/21 +
Para-aorta + 9.2 + 28 +
Left inguen + 6.2 + 27 +
Left neck + 3.7 - 21 +
Mediastinum + 3.8 - 10 +
Left hilus + 6.9 - 16 +
Right inguen + 6.2 - 17 +
Lung + 6.5 + +
Spleen + + +
4 48 M Waldeyer + 4.7 - 20 + High I v v
Lt/Rt neck + 1.72.8 - 12/11 +
Lung + 4.9 + 8 +
Liver + 2.7 - 11 +
5 71 F  Right neck + 6.4 + 30 + High 1 11 11
Left neck + 6.4 - 19 +
Right axilla + 2.5 - 12 +
Lt/Rt inguen + 3.1 - 13 +
6 56 M Waldeyer + 17.5 + 20 + Intermediate 11 I I
Left neck + 17 + 21 +
7 69 M Stomach + 124 + + Intermediate 1 1 1
8 64 M Leftneck + + 142 + High I I I
9 57 F Colon - - + High 0 0 v
10 63 M Left subclavia + 6.9 + 53 + High I I I
Para-aorta + 5.6 + 39 +
11 61 F Stomach - - + Low 0 0 I
12 65 F  Waldeyer + 3.8 + 13 + Low I I I
Lt/Rt neck + 42093 + 15/21 +
Right axilla + 42 + 17 +
13 73 F  Lt/Rtsubclavia + 1.6/1.3 + 6/5 + Low I 11 11
Right axilla + 39 + 85 +
Left axilla + 2.5 - 50 +
Bone + 2.9 + +
Orbit + 2 + +
Stomach + 39 - +
14 43 M Right neck + 1.7 - 17 + Low 0 I I
Right subclavia + 1.7 - 15 +
15 72 M Stomach - - + Low 0 0 1
16 53 F Rightneck + 3.6 + 16 + Low I 111 I
Left neck + 24 - 8 +
Para-aorta + 3 - 14 +
17 55 M Para-aorta + + 71 + Intermediate 11T 11 111
Right mesentery + + 87 +
Bone + + +
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18 36 M Para-aorta + 6.6 + 47 + Low I v v
Lt/Rt neck + - 14/21 +
Lt/Rt subclavia + - 12/10 +
Lt/Rt axilla + - 6/10 +
Lt/Rt mesentery + - 10/36 +
Lt/Rt inguen + - 19/14 +
Bone + - +
Spleen + - +
19 17 M Leftneck + 1.7 - 8 + Intermediate 0 1 1
20 54 F Stomach - - + Low 0 0 I
21 21 M Para-aorta + 4.6 + 18 + High 1I v v
Lt/Rt mesentery + 4.6 + 11/14 +
Mediastinum + - 18 +
Bone + 1.7 - +
22 80 F Thyroid + 2.5 + 45 + Low I I I
23 79 F  Waldeyer + 43 + 30 + Intermediate [ I I
24 60 F Lung + 2.5 + 17 + Low 1 1 1
25 74 F  Para-aorta + 39 - 12 + Intermediate 0 11 1I
Stomach + 5.7 - +
26 49 M Stomach + 8.8 + + Intermediate 1 I I
27 64 M Mediastinum + 20 + Low 1I 11 1I
Thyroid + + 56 +
Lung + + 61 +
28 60 F  Lt/Rt hilus + 7/6.3 + 25/32 + Intermediate 11T I 1
Para-aorta + 4.7 + 17 +
Left inguen + 1.4 + 18 +
Lt/Rt neck + 14/56 - 5/15 +
Mediastinum + 10.8 - 17 +
Left mesentery + 2 - 18 +

specificity and difficulty in objective assessment of its
uptake. Furthermore, its sensitivity is low for infradia-
phragmatic disease owing to the physiological uptake in
the abdomen, and lack of ’Ga accumulation in low-grade
lymphoma.'® Single photon emission tomography
(SPECT) considerably increases the accuracy of ’Ga
imaging in the staging of malignant lymphoma.?’-23 How-
ever, only limited data are available for direct comparison
of '8F-FDG PET with 9’Ga whole-body SPECT in the
staging of malignant lymphoma.

Our study aims to compare the diagnostic accuracy
between '"®F-FDG PET and ®’Ga whole-body SPECT in
the staging of non-Hodgkin’s lymphoma.

MATERIALS AND METHODS

Patients

This study focused on 28 patients with non-Hodgkin’s
lymphoma (NHL) (14 men, 14 women; age range, 17-80
y; mean age, 57.4 = 15.1 y). The clinical staging showed
stage I lymphoma in 11 patients, stage II lymphoma in 6
patients, stage III lymphoma in 7 patients, and stage IV
lymphoma in 4 patients. By histological studies, we
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classified the 28 patients with NHL into three groups:
low-grade NHL, 13; intermediate-grade NHL, 8; and
high-grade NHL, 7. They all underwent '®F-FDG PET,
67Ga SPECT and CT for the pretreatment staging of
malignant lymphoma between August 1999 and March
2002. Informed consent was obtained from all the patients
participating in the study.

Imaging
I8F_FDG PET and %’Ga SPECT were performed within
one month. '8F-FDG PET was performed using ECAT
EXACT 47 or HR+ (Siemens; Knocksville, TN). After
fasting for at least 6 hours, and about 60 minutes after '3F-
FDG administration, a whole-body emission scan and a
transmission scan for attenuation correction were ob-
tained with 128 x 128 matrices in the area covering the
neck, thorax, abdomen and pelvis. The average '®F-FDG
injection dose was 185 MBq. These images were recon-
structed by OSEM. The total acquisition time was about
30 minutes.?*?

67Ga SPECT imaging was performed within one
month before or after 8F-FDG PET imaging. Planar and
SPECT images were obtained using ECAM (Siemens;
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Fig.1 Mean size of nodal lesions (A); classification according
to the histologic type (nodal lesions) (B); classification accord-
ing to the area of nodal lesions (C).

Knocksville, TN) 2 days after the intravenous administra-
tion of 148 MBq of %’Ga citrate. Immediately after the
planar imaging, SPECT images were also obtained by
collecting 64 views for 20 seconds in each field of view
with 64 x 64 matrices. Three SPECT images of the area
covering the neck, thorax, abdomen, and pelvis were
obtained. The SPECT was reconstructed by filtered back
projection without attenuation correction. The total ac-
quisition time was about 80-90 minutes.

Whole-body CT was performed using Aquillion
(Toshiba; Tochigi) or Somatom Plus 4 (Siemens;
Erlangen).

Analysis
I8F-FDG PET and %’Ga SPECT images were visually
interpreted by at least two experienced nuclear physicians
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Fig. 2 Classification according to the histologic type (extranodal
lesions) (A); classification according to the area of extranodal
lesions (B).

by consensus and correlated carefully with the CT images
at the same time. The lesions were considered positive if
a definite localized area of higher uptake than that in the
surrounding normal tissue was present, except for the
physiologic uptake. The regions of nodal lesions were
divided into 15 areas: Waldeyer, left and right neck, left
and right subclavicles, left and right axillae, mediastinum,
left and right hili, para-aorta, left and right mesenteries,
left and right inguina. They were grouped into four areas:
head and neck (Waldeyer, left and right neck, left and
right subclavicles), chest (left and right axillae, mediasti-
num, left and right hili), abdomen (para-aorta, left and
right mesenteries), and inguen (left and right inguina).
The regions of extranodal lesions were divided into seven
areas: lung, liver, spleen, gastrointestinal tract, bone or
bone marrow, thyroid and other regions. Multiple lesions
in one area were defined as a single lesion. The size of the
largest nodal or extranodal lesions in each area was
defined as maximal diameter determined by CT images.
The '8F-FDG PET and 9’Ga SPECT findings were com-
pared with the CT findings, histological findings, and
clinical course. We considered the lesions to be negative
when the lesion size did not change for six months in cases
in which histological confirmation was available.
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Fig. 3 A 48-year-old man with Stage IV NHL (Patient 4). '8F-
FDG PET images reveal intense accumulation of '®F-FDG in
multiple lung lesions (black arrow) and a liver lesion (A). ’Ga
SPECT images reveal accumulation of 9’Ga limited to a single
lung (black arrow) (B). This case was understaged by ©’Ga
SPECT compared with '8F-FDG PET (Stage I to IV).

Statistical analysis

Lesion size was shown as mean =+ SD value. The '8F-FDG
PET and ®’Ga SPECT findings were compared using 2-
tailed Student’s t test for unpaired data. A p value less than
0.05 was considered to be statistically significant.

RESULTS

Sixty-six nodal lesions were clinically confirmed (Table
1). Of these, 32 were identified by both '8F-FDG PET and
97Ga SPECT. The remaining 34 lesions were identified
only by '8F-FDG PET. On the other hand, there were no
BF-FDG negative but ’Ga positive lesions. The mean
nodal size of the '®F-FDG-positive and ’Ga-positive
lesions was 34.7 + 32.4 mm while the '8F-FDG-positive
and %’Ga-negative lesions were significantly smaller (15.7
= 8.3 mm) (p <0.001) (Fig. 1A).

The histological analyses confirmed 26 low-grade NHL,
15 intermediate-grade NHL, and 25 high-grade NHL.
The 32 '8F-FDG-positive and ©’Ga-positive nodal lesions
consisted of 10 low-grade NHL (38%), 9 intermediate-
grade NHL (60%), and 13 high-grade NHL (52%). The
remaining 34 '8F-FDG-positive and ’Ga-negative nodal
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Fig.4 A 36-year-old man with Stage IV NHL (Patient 18). '3F-
FDG PET images reveal intense accumulation of '8F-FDG in the
neck, subclavia, axilla, para-aorta, mesentery, inguen (black
arrow), and spleen (white arrow) (A). ©’Ga SPECT images only
show accumulation of ’Ga in the para-aorta (black arrow) (B).
This case was understaged by ©’Ga SPECT compared with '3F-
FDG PET (Stage I to IV).

lesions consisted of 16 low-grade NHL (62%), 6 interme-
diate-grade NHL (40%), and 12 high-grade NHL (48%)
(Fig. 1B). Thus, '8F-FDG PET or ’Ga SPECT findings
are not related to the histologic type of nodal lesion.

The 32 8F-FDG-positive and ’Ga-positive nodal le-
sions were distributed as follows: 14 in the head and neck
areas, 6 in the chest area, 10 in the abdominal area, and 2
in the inguinal area. The remaining 34 '8F-FDG-positive
and %’Ga-negative nodal lesions were distributed as fol-
lows: 15 in the head and neck areas, 9 in the chest area, 5
in the abdominal area, and 5 in the inguinal area (Fig. 1C).
Thus, '®F-FDG PET or ?Ga SPECT findings are not
related to the sites of nodal lesions.

Twenty-three extranodal lesions were clinically con-
firmed. Of these, twelve were identified by both 'F-FDG
PET and ®’Ga SPECT. Six of the remaining 11 lesions
were identified only by '®F-FDG PET, but five lesions
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were not identified by either technique. The lesion size
was obtained only in 6 lesions by CT. The mean extranodal
size of the "®F-FDG-positive and ®’Ga-positive lesions
was 37.8 = 28.5 mm (n = 5), whereas the size of '®F-FDG-
positive and %’Ga-negative lesions was small (11 mm:
n = 1). Three of these five lesions were in the stomach,
another was in the colon and the other was in the ileum. No
I8F_FDG-negative but ’Ga-positive lesions were ob-
served.

In the histological analyses, the 12 '8F-FDG-positive
and ®’Ga-positive extranodal lesions consisted of six low-
grade NHL, three intermediate-grade NHL, and three
high-grade NHL. The six '8 F-FDG-positive but ®’Ga-
negative extranodal lesions consisted of three low-grade
NHL, one intermediate-grade NHL, and two high-grade
NHL. The five lesions which were not identified by either
technique consisted of four low-grade NHL and one high-
grade NHL lesions (Fig. 2A). These five lesions were
histologically confirmed by endoscopic examination. Thus,
I8F-FDG PET or ’Ga SPECT findings were not related to
the histologic type of extranodal lesions.

The 12 '8F-FDG-positive and ¢’Ga-positive extranodal
lesions were distributed as follows: four in the lungs, one
in the spleen, two in the gastrointestinal tract, two in the
bones or bone marrow, two in the thyroid, and one in other
regions. The six '8F-FDG-positive but ®’Ga-negative
extranodal lesions were distributed as follows: one in the
liver, one in the spleen, two in the gastrointestinal tract,
and two in the bones or bone marrow (Fig. 2B). Most
lesions in the liver, spleen, gastrointestinal tract, and bone
or bone marrow were identified only by '8F-FDG PET.

In the clinical staging of the 28 patients, nine patients
(32%) were upstaged by additionally performing '8F-
FDG PET, whereas none were downstaged when com-
pared with ’Ga SPECT (Table 1).

Case presentations
Figure 3 shows '"®F-FDG PET images (A) and ®’Ga
SPECT images (B) of a 48-year-old man with Stage IV
NHL (Patient 4). '®F-FDG PET images reveal intense
accumulation in multiple lung lesions and a liver lesion.
9’Ga SPECT images only reveal accumulation of ’Ga in
the single lung. This case was understaged by ®’Ga
SPECT compared with '8F-FDG PET (Stage I to IV).
Figure 4 shows '®F-FDG PET images (A) and %’Ga
SPECT images (B) of a 36-year-old man with Stage IV
NHL (Patient 18). '8F-FDG PET reveals intense accumu-
lation in the neck, subclavia, axilla, para-aorta, mesen-
tery, inguen, and spleen. ’Ga SPECT images show only
accumulation in the para-aorta. This case was understaged
by ©’Ga SPECT compared with '®F-FDG PET (Stage I
to II).
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DISCUSSION

Our principal finding in this study is that '8F-FDG PET
enables the identification of more nodal and extranodal
lesions than “’Ga SPECT in the staging of non-Hodgkin’s
lymphoma. On the other hand, there were no lesions that
were 8F-FDG-negative but ®’Ga-positive. The difference
in findings between the two studies were related to the
differences in the size but not in the histology or site of the
lesions. Thus, '8F-FDG PET is considered to be superior
to “’Ga SPECT in the staging of non-Hodgkin’s lym-
phoma.

¢’Ga imaging can provide important diagnostic infor-
mation for the evaluation of lymphoma patients. It is
superior to morphologic imaging techniques because of
its affinity to viable lymphoma cells. It provides addi-
tional information on previously unsuspected sites of the
disease that are not detected by other imaging modali-
ties.?-28 Nevertheless, ©’Ga imaging has not achieved the
expected wide acceptance, possibly because of the me-
ticulous technique and expertise required for optimal
interpretation of the findings.? The use of SPECT con-
siderably increases the accuracy of ’Ga imaging in the
staging of malignant lymphoma.?*->3 However, '8F-FDG
PET, which provides images whose quality is superior to
that of images obtained by 4’Ga SPECT, may have an
impact on the current role of ©’Ga SPECT in the manage-
ment of lymphoma patients. '8F-FDG PET has several
advantages over ’Ga SPECT. PET does not require a
collimator system and thus provides a higher sensitivity,
and therefore, a shorter acquisition time with less statisti-
cal noise as compared with ’Ga SPECT, which requires
medium-energy collimators. In addition, PET provides
much higher spatial resolution images (5—7 mm in FWHM)
than ’Ga SPECT (15-20 mm in FWHM). These physical
advantages of the PET system over SPECT permit the
realization of a higher target-to-background ratio, and
thus, the detection of smaller lesions with more reliable
interpretation of the images. '®F-FDG PET reduces
nonspecific abdominal uptake and acquisition time with
higher sensitivity for lymphoma detection.3*33 The cur-
rent study confirmed a previous report showing that '3F-
FDG PET enables the detection of significantly smaller
nodal lesions than those detected by ©’Ga images, even
with use of SPECT. Another advantage of '8F-FDG PET
is that imaging can be performed only 60 minutes after
tracer administration as compared with 48—72 hours in
the study of 4’Ga imaging. Therefore, the imaging results
can be obtained quickly. Such quick reports have clinical
importance for the appropriate management of patients
with malignant lymphoma.

The sensitivity of ’Ga scan in the evaluation of lym-
phoma is highly dependent on cell type and the size and
location of the lesion.3*3> It is reported that the sensitivity
of “’Ga imaging for low-grade lymphoma is significantly
less than that for HD and intermediate-or-high-grade
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NHL since gallium avidity for low-grade lymphoma is
low.3¢ Leskinen-Kallio et al. assessed quantitative '8F-
FDG uptake in 14 untreated patients with lymphoma and
found an increase in FDG uptake directly proportional to
histological grading.® However, the present study showed
no relationships between histologic type and the rate of
nodal or extranodal lesion detection by "®F-FDG PET or
67Ga SPECT. These different results as compared to the
previous reports may be attributed to slightly higher
sensitivity for detecting low grade lymphoma by %’Ga-
SPECT. Further study is warranted to confirm the present
results with greater numbers of patient. On the other hand,
the present study showed that the lesions identified by
both techniques were significantly larger than those
identified only by '®F-FDG PET.

It is also reported that the lymphoma site may affect
the sensitivity of “’Ga scan.’> ®’Ga imaging has a high
sensitivity and specificity for the detection of mediastinal
diseases.’* The sensitivity for the detection of abdominal
diseases is low. However, the present study demonstrated
that the area of nodal lesions was not related to the rate of
nodal lesion detection by '®F-FDG PET or ’Ga SPECT.
The detection of hepatic and/or splenic involvement using
this imaging technique is difficult because of the physi-
ological uptake of ’Ga by these organs. The present study
indicated that most lesions of the liver, spleen, gastro-
intestinal tract, and bone or bone marrow were identified
only by "®F-FDG PET. '8F-FDG PET appears to be more
sensitive and accurate for detecting nodal and extranodal
lesions than ©’Ga SPECT.

There are a number of limitations in the current study.
First, all the lesions were clinically confirmed by a follow-
up study. Moreover, not all of the lesions were histo-
logically confirmed. In practice, it is rather difficult to
compare the radionuclide findings in all lesions with
only histologic confirmation in the staging of malignant
Ilymphoma. Second, most of the assessments required
subjective interpretation. To minimize the error in the
interpretations, each image was visually assessed by at
least two experienced nuclear medicine physicians by
consensus and correlated with the CT images at the same
time. Also, the number of patients was quite limited.
Although the current study showed significantly small le-
sions detected only by '®F-FDG PET, this did not reveal
the difference between the radionuclide findings and his-
tology or site of the lesions. To verify this preliminary
finding, more patient data may be required. Also ’Ga
imaging was acquired at 48 hours after tracer administra-
tion in order to obtain higher counts which may be more
suitable for SPECT imaging. But this imaging protocol
may cause higher background activity.

CONCLUSION

I8F-FDG PET detected significantly more lesions, par-
ticularly small lesions than ’Ga SPECT during the stag-

Vol. 18, No. 6, 2004

ing of non-Hodgkin’s lymphoma. The differences be-
tween the two imaging findings were related to the dif-
ference in the size but not in the histology or site of the
lesions. Thus '8F-FDG PET is considered to be superior
to ’Ga SPECT in the study of non-Hodgkin’s lymphoma.
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