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Low-dose '*I-metaiodobenzylguanidine diagnostic scan is
inferior to '*'I-metaiodobenzylguanidine posttreatment scan
in detection of malignant pheochromocytoma and

paraganglioma

Daiki Kayano, Junichi Taki, Makoto Fukuoka, Hiroshi Wakabayashi, Anri Inaki,

Ayane Nakamura and Seigo Kinuya

Objective We assessed the lesion detectability of low-
dose diagnostic 12°-metaiodobenzylguanidine (MIBG)
whole-body scans obtained at 6 and 24 h compared with
posttreatment '*'|-MIBG whole-body scans in malignant
pheochromocytoma and paraganglioma.

Methods Scintigrams obtained in 15 patients with
malignant pheochromocytoma and paraganglioma were
retrospectively analyzed. Diagnostic scans were performed
with 111 MBq of 2°]-MIBG. Therapeutic doses of '3'|-MIBG
(5.55-7.40 GBq) were administrated and whole-body scans
were obtained at 2-5 days after '*'I-MIBG administrations.
We compared the number of lesions and the lesion-to-
referent count ratios at 6 and 24 h of '2°|-MIBG and at
2-5 days of '*'I-MIBG.

Results In comparison with the 6-h images of '**|-MIBG,
the 24-h images of '2*|-MIBG could detect more lesions in
eight patients, Posttreatment '*'|-MIBG scans revealed
new lesions in eight patients compared with the 24-h
images of '2°|-MIBG. The lesion-to-referent count ratios at
6 and 24 h of '*°|-MIBG and at 3 days of '*'I-MIBG were
increasing at later scanning time. There were significant

Introduction

Mecraiodobenzylguanidine (MIBG), which can be labeled
with either I or 1231, mimics the neurotransmitter
norepinephrine and specifically targets malignant cells of
the sympathetic nervous system [1,2]. Since P!I-MIBG
was reported to visualize tumors of the adrenal medulla in
the early 1980s [3,4], *'I-MIBG and 'ZI-MIBG have
been widely used for detecting lesions in patients with
malignant neuroendocrine tumors, such as malignant
pheochromocytomas, malignant paragangliomas, medul-
lary thyroid carcinomas, carcinoid tumors, and neuroblas-
tomas [5-9]. '2I-MIBG has superiority over *'I-MIBG
with diagnostic use, because the y-ray energy of '2°1
(159keV) befits the image quality and lesion detect-
ability for scintigraphy compared with that of '3
(364 keV) [10-12]. Moreover, *?°1 offers favorable dosi-
metry compared with *'I because of their y-ray cnergies
and their half-lives (**1: 13.13 h, !1: 8.04 days) [13].

It has been reported that other imaging modalities may
be useful in detecting nuroendocrine tumors. Many

0143-3636 © 2011 Wolters Kluwer Health | Lippincott Williams & Wilkins

differences in the lesion-to-referent count ratios between 6
and 24 h of '**|-MIBG (P = 0.031), 6 h of "**|-MIBG and 3
days of "*'I-MIBG (P = 0.020), and 24 h of *?*|-MIBG and 3
days of '*'-MIBG (P = 0.018).

Conclusion Low-dose diagnostic '**I-MIBG whole-body
scan is inferior to posttreatment **'I-MIBG whole-body
scan in malignant pheochromocytoma and paraganglioma.
Considering the scan timing of '*3|-MIB@, 6-h images
might have no superiority compared with 24-h

images. Nucl Med Commun 32:941-946 © 2011 Wolters
Kluwer Health | Lippincott Williams & Wilkins.
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studics that compared 'ZI-MIBG with '*F-fluoro-2-
deoxy-D-glucose (**F-FDG) positron emission tomogra-
phy (PET) or “F-FDG PET/computed tomography
(CT) have been reported. These studies did not show
good concordance [14-17], and thercfore #I-MIBG
and "F-FDG PET would possess complementary roles.
8R.3 4-dihydroxy-phenylalanine PET, " fluorodopa-
mone PET, and *®Ga-DOTA peptides PET might be
preferred in comparison with 2I-MIBG [17,18]. How-
ever, the cvidence for these radiopharmaceuticals is
insufficient and these have not become widely used yet.

As a prelude to P'I-MIBG therapy, #*I-MIBG scintigraphy
is essential for the confirmation of MIBG accumulation to
lesions. After *'I-MIBG therapy, posttreatment > I-MIBG
scintigraphy is routinely used to assess tumor uptake
rather than lesion detectability. Lesional detectability of
1Z3.MIBG scans was not always the same as that of post-
treatment **'I-MIBG scans. Campbell e 2/ [19] reported a
case in which the posttreatment "*'I-MIBG image depicted
more metastatic lesions compared with the U-MIBG

DOl 10.1097/MNM.0b013e32834a4445
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Table 1 Clinical characteristics and protocol of '*'I-metaiodobenzylguanidine therapy

BIMIBG
Patient number Age Sex Diagnosis Dose (GBq) Scanning time {days)
1 43 Male Malignant pheochromocytoma 7.4 5
2 46 Male Malignant paraganglioma 7.4 5
3 78 Female Malignant pheochromocytoma 7.4 ~3
4 76 Male Malignant pheochromocytoma 7.4 4
5 52 Male Malignant pheochromacytoma 7.4 5
6 63 Male Malignant pheochromocytoma 7.4 3
7 45 Male Malignant pheochromocytoma 7.4 3
8 75 Male Malignant pheochromocytoma 5.55 2
9 61 Male Malignant paraganglioma 7.4 3
10 69 Male Malignant pheochromocytoma 7.4 3
11 60 Female Malignant pheochromocytoma 7.4 3
12 37 Female Malignant pheochromocytoma 7.4 3
13 54 Female Malignant paraganglioma 7.4 3
14 39 Female Malignant pheochromocytoma 7.4 3
15 58 Fernale Malignant pheochromocytoma 7.4 3

MIBG, metaiodobenzylguanidine.

diagnostic scan and ‘*I-MIBG scan in a patient with
malignant pheochromocytoma. Fukuoka ez @/ [20] demon-
strated that 3-day images of posttherapeutic *'I-MIBG
had superiority over 6-h images of low-dose diagnostic
2L MIBG in patients with malignant pheochromocytomas,
malignant paragangliomas, and neuroblastomas. Consider-
ing the lesion-to-background count ratios of **I-MIBG
images, 6-h images would be inferior to 24-h images in
detecting lesions. To our knowledge, most previous studies
evaluated scintigrams only by visual assessment, and there is
no literature that reports the quantitative analysis of the
image based on the count density and the lesion detect-
ability between 6 and 24-h scans of diagnostic *I-MIBG
and posttherapeutic *'I-MIBG scans.

In this study, we compared low-dose diagnostic '**I-

MIBG scans obtained at 6h, at 24 h, and posttreatment
BI.MIBG scans by visual and quantitative methods in
detecting lesions of malignant pheochromocytoma and
paraganglioma; we then evaluated the validity of the dose
and the scanning time of '**I-MIBG scintigraphy.

Methods

Patients

We studied 15 consecutive patients who underwent first
IL.MIBG therapy for adult malignant pheochromocyto-
ma and paraganglioma between March 2005 and 2010.
The patients consisted of nine men and six women, and
the age range was 37-78 years (mean = 57.1 years).
Twelve had malignant pheochromocytomas and three
patients had malignant paragangliomas (Table 1). In all
patients, we confirmed MIBG accumulations in the
primary or metastatic lesions with diagnostic '**I-MIBG
scintigraphy before *'I-MIBG therapy.

Low-dose diagnostic '?°*I-metaiodobenzylguanidine
scintigraphy

We performed "*I-MIBG scintigraphy after intravenous in-
jection of 111 MBq of ®1-MIBG (PFujifilm RI Pharma Co.,
Lid., Japan), using a dual-head gamma camera equip-

ped with a low—medium-energy general-purpose collimator
(Toshiba E-cam, Tokyo, Japan or Siemens Medical Solu-
tions, Symbia, Germany), specifically designed for reduced
scatter and septal penetration of the small fraction of 2]
high-energy photons. The activity of ‘ZI-MIBG was
assayed by the supplier to become 111 MBgq at noon of
the administration day. In this study, the dose of "*I1-MIBG
was relatively low compared with the standard dose of '*I-
MIBG in Western countrics, which was approved up to
400MBq [13,21], as only 111 MBq of ‘#*I-MIBG had been
available for adults due to Japanese regulations until October
2010. Whole-body scans were obtained at 6 and 24h after
BT MIBG administration with 15 cm/min of scanning speed
on a photo peak of 159 keV with a 15% window.

13'\.metaiodobenzylguanidine therapy and
posttherapeutic scintigraphy

I3 MIBG therapy was performed 2-21 days (mean = 11.9
days) after diagnostic '“I-MIBG scintigraphy. To prevent
thyroidal uptake of free iodine, oral administration of
200 mg of potassium iodide was commenced, 1 day before
3.MIBG administration and continued for up to 10 days
posttherapy. We intravenously administrated 5.55-7.4 GBq
(mean = 7.28 GBq) of "*'[-MIBG through fixed peripheral
venous lines for approximately an hour using a lead-
shielded infusion pump with monitoring vital signs for
more than 6h from the beginning of "*!'I-MIBG adminis-
tration. All patients were treated in the isolation room until
radiation decreased to less than 30uSv/h at 1m. All
therapics were well tolerated. A whole-body scan with
therapeutic dose of "' I-MIBG was obtained once at 2-5
days (mean = 3.4 days) after injection with 15cm/min of
scanning speed on a photo peak of 364keV with a 15%
window, using a high-energy collimator. Table 1 shows the
dosage and the scanning time of *'I-MIBG therapy.

Visual evaluation
Two experienced nuclear medicine physicians of our
institution, who were blinded to the findings of the other
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imaging modalities, evaluated the accumulations of 6 and
24-h images of "#I-MIBG and a posttreatment **'I-MIBG
image. They interpreted all foci except for physiological
accumulation as abnormal uptake and defined their
anatomical location. Diffuse accumulation at nasal cavity,
salivary glands, thyroid, myocardium, liver, and bladder
were considered as physiological uptake. When small
Iesions or low MIBG uptake lesions are overlapped with
physiological (c.g. liver) uptake, some lesions might be
undetected. When their interpretation was discordant, they
obtained consensus after conference. To compare the lesion
detectability of 6- and 24-h images of "**I-MIBG with a
postrreatment  *'I-MIBG image, we investigated the
difference in the number of detected lesions in the
following four sites: bone, lungs, liver, and others.

Quantitative evaluation

As a quantitative cvaluation, we used the uptake ratio. On
anterior and posterior images at 24 h of 'ZI-MIBG, a target
region of interest (ROI) was set manually by tracing the
margin of the most intense lesion and a referential ROT and
a background ROI were set on the left thigh and the
background. The same ROIs were used on each image at
6h of "ZI-MIBG and at 3 days of *'I-MIBG. In cascs in
which metastatic lesions existed in the left thigh, the right
thigh was used as a referential ROL The uptake ratio was
calculated with cach mean ROI count by the following
formula: uptake ratio = (target ROI —~ background ROI)/
(referential ROI — background ROI). We compared the
uptake ratios at 6 and 24h of **I-MIBG and at 3 days of
BILMIBG. To standardize the scanning time, we evaluated
10 patients whose **'I-MIBG scans were obtained at 3 days
after *'I-MIBG therapics.

Statistical analysis

The paired s-test was used for the analysis of the
sequential changes of the uptake ratios between 6 and
24h after "I-MIBG injections and 3 days after *'I-
MIBG administrations. A P value of less than 0.05 was
considered as a significant difference.

Results

A total of 96 and 106 lesions were identified with 6- and
24-h images of 'PI-MIBG, respectively. “'I-MIBG
postureatment scans detected 170 lesions. Table 2 sum-
marizes visual analyses. In comparison with the 6-h
images of '**I-MIBG, the 24-h images of '*1-MIBG could
detect more lesions in eight (53%) of 15 patients. In all
patients, the 6-h images of ***I-MIBG had no advantage
compared with the 24-h images of '‘PI-MIBG in
detecting lesions. In comparison between diagnostic
1231 MIBG scans and posttreatment *'I-MIBG scans,
posttreatment  “'[-MIBG scans had better lesional
detectability than diagnostic '*I-MIBG scans in eight
(53%) of 15 patients. **I-MIBG scans were not superior
to ™I-MIBG scans in any cases. Table 3 shows the
number of detected lesions in bone, lungs, liver, and

1231-MIBG and “*'-MIBG Kayano et al. 943

Table 2 The number of lesions on diagnostic '**|-metaiodobenzyl-
guanidine scans (6 and 24 h) and posttreatment '*'l-metaiodo-
benzylguanidine scans (2-5 days)

LMIBG SUMIBG
Patient number 6h 24h 2~5 days
1 9 10 10
2 5 5 5
3 7 7 14
4 10 10 13
5 1 1 1
6 3 3 9
7 5 6 6
8 3 4 8
9 23 24 45
10 1 2 2
11 6 & 8
12 o 1 1
13 1 1 4
14 6 9 17
15 16 17 a1
Total 96 1086 170

MIBG, metaiodobenzyiguanidine.

Table 3 The number of lesions detected in bone, lung, liver, and
others with diagnostic '23|-metaiodobenzylguanidine scans and
posttreatment '*'I-metaiodobenzylguanidine scans

Bone Lung Liver Others Total
"23.MIBG scan (n) 64 9 15 18 106
*1.MIBG scan (n) 118 14 17 24 170

MIBG, metaiodobenzylguanidine.

others with diagnostic '*I-MIBG scans and postther-
apeutic "*'I-MIBG scans. '#I-MIBG scans could detect
lesions in 56% (64/115) of bone metastases, 64% (9/14) of
lung metastases, 88% (15/17) of liver metastases, 75%
(18/24) of metastases in others, and 62% (106/170) of all
lesions compared with posttherapeutic "*'I-MIBG scans.

Figure 1 shows time-course changes of uptake ratios in
10 patients whose "'I-MIBG scans were obtained at 3
days after P*'I-MIBG therapies. The uptake ratios were
higher at a later scanning time. There were significant
differences in the uptake ratios between 6 and 24 h of
1231 MIBG (P =0.031), 6h of ‘F1-MIBG and 3 days of
PI-MIBG (P = 0.020), and 24 h of "*I-MIBG and 3 days
of 'I-MIBG (P=0.018).

Figures 2 and 3 show the representative scans of
125 MIBG and ®'I-MIBG. In Fig. 2, the 24-h image of
1231_.MIBG excelled in the lesion detcctability compared
with the 6-h image of ***I-MIBG. The number of lesions
between 'PI-MIBG and !'I-MIBG was the same.
However, the lesion was better visualized in the
BU-MIBG image than in the '®1-MIBG image, which
was confirmed by the quantitative analysis using uptake
ratios. Figure 3 shows that *11-MIBG was superior to %1
MIBG in both visual and quantitative assessment.

Discussion
In this study, we demonstrated with visual and quanti-
tative methods that low-dose 'ZI-MIBG (111 MBq)

- 173 -



944 Nuclear Medicine Communications 2011, Vol 32 No 10

scans were not suitable for detecting lesions compared
with posttreatment *'1-MIBG scans.

Qur results were likely due to at least two reasons. First,
the diagnostic dose of '**I-MIBG was significantly lower
compared with the therapeutic dose of *'I-MIBG. In the
report by Ali ez /. [22], the combination of the modern

Fig. 1

P=0.020

60 ~

Uptake ratio
[
]
i

& |

0 = T = ¥
6 h of 24 hof

2.MIBG 23.MIBG

3 days of
B.MIBG

Time-course changes of uptake ratios. The uptake ratios are higher at
later scanning time. As no abnormal accumulation is detected on the
6-h image of ' **-metaiodobenzylguanidine (MIBG) in patient number
12 in Tables 1 and 2, the paired ttests are performed among nine
patients between 6 and 24 h of '**-MIBG and between 6 h of
2%-MIBG and 3 days of "*'-MIBG and among 10 patients between
24 h of *3-MIBG and 3 days of '*'-MIBG.

Fig. 2

y camera with a low-energy collimator and ***I imaging
showed a count rate of up to 20-fold greater compared
with an equivalent activity of 131 because of the char-
acteristics of %1 and '*'1. Therefore, a dose of 185 MBq
of %] was equivalent to almost 3.7 GBq of *'I in image
quality in patients with thyroid cancer. Iwano ¢ &/ [23]
reported that the diagnostic scan with 37 MBq of *#T was
not always predictive of subscquent therapeutic 1
uptake in detecting residual thyroid tissue and metas-
tases of differentiated thyroid cancer. Donahue er ¢/ [24]
concluded that posttreatment ' whole-body scans
provided incremental clinically relevant information in
addition to pretreatment ‘1 whole-body scans in 10% of
patients with differentiated thyroid cancer. Considering
the same pharmaceutical kinetics of "*I-MIBG and "*'I-
MIBG, a diagnostic dose of 'ZI1-MIBG was assumed to be
equal in imaging quality to a 20-fold greater "*'I-MIBG
dose. In our study, the doses of ' I-MIBG (111 MBq)
were less than one-fifticth of the doses of P'I-MIBG
(5.55-7.4 GBq). To improve the lesion detectability with
'P.MIBG, the dose of "**I-MIBG should be increased.
Considering that the standard doses of ' [-MIBG therapy
for malignant pheochromocytoma and paraganglioma are
more than 7.4GBq [25-27], more than 370MBq of 123
MIBG might be desirable to detect lesions of malignanc
pheochromocytoma and paraganglioma.

Another likely reason for our results was the difference of
scanning time after MIBG injections between *I-MIBG
and "'I-MIBG. In this study, the 24-h images of **T-MIBG
could detect more lesions than the 6-h images of

129-MIBG

6h 24 h

Posterior Anterior

Anterior

Posterior

BY-MIBG
3 days

Anterior Posterior

A 37-year-old woman with pheochromocytoma, patient number 12 in Tables 1 and 2. No abnormal accumulation is seen on the 6 h image of
123|-metaiodobenzylguanidine (MIBG). The 24-h image of '**-MIBG can identify a faint accumulation in the right mid abdomen and the 3-day image of
'311.MIBG can identify a strong accumulation in the same lesion (arrows). No additional uptake is detected on the 3-day image of **'-MIBG. Uptake
ratios of the right mid abdomen lesion are 3.55 and 5.80 on the 24-h image of 23 MIBG and the 3-day image of "®'I-MIBG. The uptake ratio of the 6-

h image of '?

I-MIBG cannot be calculated because no lesional uptake is detected on the 6-h image of '°I-MIBG.
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Fig. 3

"23.MIBG and '*'I-MIBG Kayano et al. 945

123.MIBG

6h 24 h

Anterior

" Posterior

Anterior

Posterior

BMBG
3 days

Anterior Posterior

A 78-year-old woman with pheochromocytoma, patient number 3 in Tables 1 and 2. A total of seven lesions are detected in the bone with the 6 and
24-h images of '*®-metaiodobenzylguanidine (MIBG, narrow arrows on each anterior image of '**-MIBG). Same lesions are detected (narrow
arrows on the anterior image of '*'I-MIBG) and seven new lesions can be identified with the 3-day image of B1-MIBG (wide arrows on the posterior

image of '*'I-MIBG). The uptake ratios of the lumbar spine (arrow heads on each anterior image of

27.07 on each image.

I-MIBG and "®'I-MIBG) are 5.33, 9.21, and

1231 MIBG in cight (53%) of 15 patients. Furthermore, the
2-5-day images of P!I-MIBG were superior to the 24-h
images of '“I-MIBG in eight (53%) of 15 patients. As
shown in Fig. 1, we demonstrated that the lesion-to-
referent count ratios increased at later scanning time.
These results indicated that carly scan timing after 121
MIBG injection was not recommended. The European
Association of Nuclear Medicine guidelines suggest that
scanning with '®I-MIBG is performed berween 20 and
24h after injection and selected delayed images (never
later than day 2) might be useful in the event of equivocal
findings on day 1 [13,28]. In contrast, the Japanese
Ministry of Health, Labor and Welfarc cstablished that
1ZMIBG scanning was performed at 24 h after injection,
and additional images might be obtained at 6 or 48 h after
administration if nceded. Our results indicated that 6-h
images after **I-MIBG injection would not be necessary.
Even if small lesions or low-uptake lesions are located in or
near the kidneys and excretory route that may be masked
by uptake in thesc areas, 6-h images may not aid the
visualization of lesions because physiological uptake of
MIBG is more intense in early images than in late images.

Diagnostic scintigraphy with low-dose '“I-MIBG has limi-
tations in detecting lesions of malignant pheochromocyto-
ma and malignant paraganglioma. The possible discrepancy
between low-dose diagnostic '2I-MIBG and posttreatment
"I-MIBG scans should be taken into account when
developing a treatment plan. An *'I-MIBG posttreatment
scan might provide us with more clinical information in
patients with malignant pheochromocytoma and malignant
paraganglioma. We recommended that patients who had

small lesions that were not detected with a low-dose %1

MIBG scan but confirmed with other imaging modalitics,
such as CT and magnetic resonance imaging, be considered
for *-MIBG therapy if their primary lesion that had been
surgically excised had accumulated MIBG.

Qur study had some limitations. One limitation was that
the dose of *I-MIBG of our study was lower than that
of the standard dose of 'ZI-MIBG in Western countries.
Another limitation was that the scanning specd of '%I-
MIBG scintigraphy was higher than that recommended by
European Association of Nuclear Medicine guidelines
(15cm/min  compared with the guidance of Scm/
min) [13]. The low-dose and the fast scanning speed of
BT MIBG would decrease the signal-to-noise ratio com-
pared with the high-dose and the slow scanning speed.
Those would result in the reduction of not only the lesional
detectability of visual evaluation but also the uptake ratio
of quantitative evaluation of 'ZI-MIBG scintigraphy. In
this study, we did not evaluate the detectability of single
photon emission computed tomography/CT. This is now
becoming popular as a daily practice. This would certainly
enhance the detection of the lesion with in the areas of
physiological uptake (e.g. liver) and the lesion that
overlapped on the physiological uptake (e.g. bladder) on
planar whole-body imaging.

Conclusion

In conclusion, a low-dose diagnostic 231 MIBG scan has
limitations compared with posttreatment !I-MIBG
scan. Compared with a 24-h image of '*I-MIBG, a 6-h
image of **I-MIBG has no advantage in detecting lesions
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of malignant pheochromocytoma and malignant paragan-
glioma. The escalation of 'ZI-MIBG doses might be
beneficial for the diagnosis of distribution of metastasis.
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I-137 MIBG Scintigraphy Including Incremental Value of SPECT/
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Pheochromocytoma/Paraganglioma and Neuroblastoma
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Purpose: To compare lesion detectability of 1-123 MIBG scintigraphy with
that of high-dose T-131 MIBG and to cvaluate incremental benefit of
SPECT/CT over planar image for the detection and localization of the lesions
in patients with 1-131 MIBG therapy for malignant pheochromocytoma/
paraganglioma and ncuroblastoma.

Materials and Methods: We retrospectively investigated 16 patients with
malignant pheochromocytoma/paraganglioma and neuroblastoma, who werc
referred for 1-131 MIBG therapy. We investigated the lesion detectability in
10 pairs of 1-123 and high-dose 1-131 MIBG studics of the same patient,
obtained within 2 weeks. In 31 studies of 1-123 MIBG scintigraphy in 16
patients and 17 studies of high-dose 1-131 MIBG scintigraphy in 12 patients,
we compared planar and SPECT/CT images for the lesion detectability and
localization.

Results: The number of lesions detected by 1-123 MIBG planer image and
SPECT/CT and high-dose planer 1-131 MIBG and SPECT/CT were 3.0 and
3.7, 7.3 and 7.7 per study, respectively. SPECT/CT images provided addi-
tional diagnostic information over planar images in 25 studies (81%) of 12
patients (75%) in [-123 MIBG scintigraphy and in 9 studies (53%) of 9
patients (75%) in high-dose 1-131 MIBG scintigraphy.

Conclusion: Post-therapy high-dose 1-131 MIBG scintigraphy is superior (o
1-123 MIBG scintigraphy in lesion detectability even in compadson with
1-123 MIBG SPECT/CT images and high-dosc I-131 MIBG planar images in
paticnts with malignant neuroendoerine tumors. SPECT/CT images are
helpful for accurate identification of anatomic localization compared with
planar images.

Key Words: malignant neuroendocrine tumor, 1-123-MIB, 1-131 MIBG,
SPECT/CT

(Clin Nucl Med 2011;36: 1-7)

M etaiodobenzylguanidine (MIBG) is a guanethidine derivative
reserbling the neurotransmitter norepinephrine in chemical
structure. Therefore, showing the similar performance as norepi-
nephrine, MIBG is taken up by the norepinephrine transporter
(uptake 1) or passive diffusion, and stored in chromaffin deposit
granules or neurosecretory granules in tissues derived from sympa-
thetic nervous system.'* In this mechanism, MIBG accumulates in
tumors originated from neural crests.

Received for publication March 26, 2010; accepted July 6, 2010.

From the *Department of Nuclear Medicine, Kanazawa University Hospital,
Kanazawa, Japan; and tDcpartment of Biotracer Medicine, Kanazawa Uni-
versity Graduate School of Medical Sciences, Kanazawa, Japan.

There are no financial disclosurcs from any authors.

Reprints: Junichi Taki, MD, PhD, Department of Nuclear Medicine, Kanazawa
University Mospital, 13--1 Takara-machi, Kanazawa, 920—8640, Japan.
E-mail: taki@med kanazawa-u.ac.jp.

Copyright © 2010 by Lippincott Williams & Wilkins

ISSN: 0363-9762/11/3601-0001

Pheochromocytoma/paraganglioma and neuroblastoma are
the representative ncurocndocrine ncoplasms showing intense
MIBG accumulation. Pheochromocytoma/paraganglioma is a rare
tumor which arises from chromaffin cells of the adrenal medulla/
extra-adrenal sympathetic ganglia. It is reported that approximately
10% of pheochromocytoma and up to 40% of paraganglioma are
malignant.®* Neuroblastoma is one of the most common tumor
derived from the embryonal sympathetic nervous system in children.
Approximately 30% of neuroblastoma originate from the adrenal
medulla and the rest arise from anywhere extra-adrenal sympathetic
nervous system.™® Malignant pheochromocytoma/paraganglioma
and ncuroblastoma usually matastasize to the bones, liver, lung, and
lymph nodes in carly times.

Since I-131 labeled MIBG scintigraphy for pheochromocy-
toma was reported in 1981, I-131 and 1-123 labeled MIBG scintig-
raphy has been widely used as an excellent functional imaging
modality for detection of the lesions in patients with neuroendocrine
tumors.”™ MIBG scintigraphy is also useful for detection of the
recurrent or metastatic lesions in patients with malignant pheochro-
mocytoma/paraganglioma and neuvroblastoma, although it is re-
ported that the sensitivity in detecting extra-adrenal or malignant
tumors is less than that in adrenal or benign turnors.'®13 In the
image quality and lesion detectability, I-123 MIBG image is supe-
rior to 1-131 MIBG with diagnostic low radicactive dose,’™'®
because the y-ray energy of I-123 (159 keV) is more suitable for
scintigraphy compared with that of 1-131 (364 keV). In addition to
low-dose 1-123 MIBG imaging, high-dose 1-131 MIBG imaging is
possible in patients who underwent I-131 MIBG internal radiation
therapy, which is a precious option of the systemic treatments
especially in those patients who have irresectable or multiple met-
astatic lesions. A case report demonstrated that post-therapeutic
high-dose 1-131 MIBG scintigraphy detected more lesions than
low-dose diagnostic 1-123 MIBG scintigraphy in a patient under-
went I-131 MIBG therapy.'¢ Similar findings were observed in the
diagnostic 1-123 and high-dose post-treatment [-131 scintigraphy in
thyroid cancer.'”

Accurate identification of anatomic localization of the lesions
is important to perform I-131 MIBG therapy safely. However, it is
difficult to identify accurate anatomic localization of the lesions in
the conventional planar image. Comparing SPECT with CT or MRI
image side-by-side or SPECT- CT or MRI fusion image by usc of
software has contributed to the precise definition of the localization
to some degree.'¥~*® Recently, integrated SPECT/CT fusion system
which acquires the dual modality in the same session provides more
additional information for characterization and localization of the
lesions in various neuroendocrine tumors. > ~2¢

The aim of this study was to compare lesion detectability of
the 1-123 MIBG scintigraphy with that of high-dose 1-131 MIBG
scintigraphy and to evaluate incremental benefit of 1-123 MIBG and
high-dose I-131 MIBG SPECT/CT over conventional planar image
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TABLE 1.  Clinical Characteristics of Patients
Patient No. I-131 MIBG Cumulative Dose of Ne. I-123 MIBG No. High-Dese 1-131
Nuniber Age Sex Diagunosis Therapy E131MIBG (mCi) Scintigraphy MIBG Scintigraphy
1 69 M pheo 2 400 3 2
2 37 F pheo 2 400 3 2
3 60 F pheo 2 400 3 2
4 63 M para 1 200 3 1
5 66 ™M pheo 3 600 2 0
6 54 F para 1 200 3 1
7 47 M pheo 4 1360 2 i
8 36 M para 0 ] 1 0
9 7 F newro 1 100 1 i
10 8 M neuro 0 0 1 0
I3 13 F neuro 3 600 3 3
12 7 M neuro 1 300 1 1
i3 11 F neuro 1 400 t 1
14 1 F neuro ! 300 1 1
5 8 F neuro 1 100 2 ¢
16 10 M neuro I 400 i 1
MIBG indi iodobenzylguanidine; pheo, pheochromocytoma; para, malignant paraganglioma; neuro, neuroblastoma,
TABLE 2. The Number of Detected Lesions in 10 Pairs of phy were obtained in 16 patients and 17 studies of high-dose 1-131

1-123 and High-Dose I-131 MIBG Scinitgraphies Performed
Within 2 Weeks in the Same Patient

1-123 MIBG

Patient Planar 1-123 MIBG ~ 1-131 MIBG  1-131 MIBG
Number Image SPECT/CT  Planar Image  SPECT/CT

1 0 1 1 1

2 6 6 6 6

3 1 2 4 6

4 [ 1 i 1

5 1 3 15 15

6 1 2 8 9

7 2 2 7 7

8 0 0 3 2

9 15 15 15 17
10 3 5 13 13
Total 30 37 73 77

MIBG indicates metaiodobenzylguanidine.

for the detection and localization of the lesions in patients who
underwent I-131 MIBG therapy for malignant pheochromocytoma/
paraganglioma and neuroblastoma.

MATERIALS AND METHODS

Patients

We retrospectively investigated 16 patients with malignant
pheochromocytoma/paraganglioma and neuroblastoma, who were
referred for I-131 MIBG therapy in our institute and underwent
I-123 MIBG (111 MBq [3 mCi}) and/or high-dosc I-131 MIBG
(3.7-14.8 GBq [100~400 mCi]) scintigraphy from June 2008 to
August 2009 (5 males and 3 females with malignant pheochromo-
cytoma/paraganglioma, mean age 54 years [range, 3669 years}; 3
males and 5 females with neuroblastoma, mean age 8.8 years [range,
7-13 years] (Table 1). Thirty-one studies of I-123 MIBG scintigra-
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MIBG scintigraphy were acquired in 12 patients.

1-123 MIBG Scintigraphy With Diagnostic
Low-Radioactive Dose

1-123 MIBG scintigraphy was performed after intravenous
injection of 111 MBq (3 mCi) of radiopharmaceutical for all pa-
ticnts, using a dual-head gamma camera equipped with a low-
intermediate energy collimator and a 5/8 inch Nal crystal, which was
combined to a low-dose spiral CT by the same gantry (Symbia,
Siemens Medical Solutions). Whole-body planar images were ac-
quircd at 6 and 24 hours after 1-123 MIBG injection at scanning
speeds of 15 cm/min. Following planar imaging after 6 hours of
tracer injection, SPECT images were obtained to cover the areas
suspected of abnormal tracer accumulations in whole-body planar
images. SPECT data were acquired from 60 projections (20 seconds
per view) with 128 > 128 matrix and reconstructed using a 3-di-
mensional iterative algorithm, ordered-subsets expectation maximni-
zation. As soon as SPECT data acquisition was finished, CT trans-
mission scans for tomography were performed. SPECT and CT data
were analyzed and coregistered using an e-soft workstation.

1-131 MIBG Therapy and Scintigraphy With
Post-Therapy High-Radiocactive Dose

1-131 MIBG therapy was administered to the patients who
were considered to have beneficial therapeutic effects through the
findings of pretherapy 1-123 MIBG scintigraphy. 3.7-14.8 GBq
(100400 mCi) of I-131 MIBG was injected intravenously through
fixed peripheral venous lines for about an hour, using lead-shiclded
infusion pump. Vital signs were monitored for more than 6 hours
from the beginning of I-131 MIBG administration. 1-131 MIBG
planar and SPECT/CT images were acquired 3 days later in the same
way as 1-123 MIBG scintigraphy, except for the use of collimator
(high-energy).

Image Interpretation

At first, 1-123 or I-131 MIBG planar images were evaluated
by 2 experienced nuclear medicine physicians, who were blinded to
the findings of the other imaging modalities. They were asked to
interpret all focal uptakes, except for physiological accumulation, as
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I-123 MIBG Versus High-Dose I-131 MIBG Image

TABLE 3.  Number of Lesions in I-123 MIBG Imaging
Mo, Lesions Modified
Study No. Lesions in -~ No. Lesions in ~ No. Newly Detected Lesions  No. Lesions Turned to be  Anatomical Localization
Number  Diagnosis  Planar Image SPECT/CT in SPECT/CT Negative in SPECT/CT by SPECT/CT
1 neuro 0 0 0 0 0 .
2 para 1 2 1 0 1
3 phco 2 3 1 0 0
4 neuro 2 3 1 0 1
5 pheo [ 1 0 0 0
6 pheo 6 6 0 0 2
7 pheco 3 4 1 0 0
8 pheo 0 1 1 0 0
9 neuro 1 1 0 0 0
10 para 2 3 1 0 1
11 para 25 25 0 0 2
12 neuro 3 S 2 0 0
13 neuro 0 0 0 0 0
14 neuro 23 18 0 5 3
15 neuro I 2 1 0 1
16 neuro 1 3 2 0 ]
17 para 1 2 1 0 i
18 pheo 2 2 0 0 1
19 neuro 1 1 0 0 0
20 pheo 2 2 0 Q G
21 pheo 1 3 2 0 0
22 pheo 3 3 0 0 0
23 pheo i 1 0 0 |
24 para 16 16 0 0 2
25 newro 2 2 1 1 0
26 pheo 3 4 1 0 0
27 pheo 1 1 0 0 0
28 pheo 3 3 0 0 1
29 pheo 1 1 i 1 0
30 para 22 22 0 0 3
31 neuro 15 15 1 1 1
Total 145 155 18 8 21
MIBG indi metaiodobenzylguanidine; pheo, malig; pheoct ytoma; para, maliy par lioma; neuro,
abnormal Iesions and to define their anatomic locations. Diffuse RESULTS

accumulation at nasal cavity, salivary glands, thyroid, myocardium,
liver, and bladder was considered as physiological uptake. When
their interpretations were discordant, consensus was obtained after a
conference. Then, SPECT/CT images were assessed by them inde-
pendently with planar images and they were required to re-evaluate
the anatomic location of the lesions found in planar images and
indicate new lesions. The findings suspected of metastasis in CT
images alone were not included in new lesions if they did not
accompany MIBG accumulation. Consensus was acquired in the
same way as planar image if their interpretation was discordant.

Data Analysis

In comparison of diagnostic value of 1-123 MIBG and high-
dose I-131 MIBG scintigraphy, we investigated the difference of the
number of detected lesions in L0 pairs of I-123 and high-dose 1-131
MIBG studies of the same patient that were obtained within 2 weeks.
In the evaluation of incremental diagnostic value of SPECT/CT
images over planar images with I-123 MIBG and high-dose 1-131
MIBG, we performed comparative analysis between planar and
SPECT/CT images in all patients.

© 2010 Lippincott Williams & Wilkins
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In I-123 MIBG scintigraphy, a total of 145 and 155 abnormal
uptakes were pointed out in planar and SPECT/CT images, respec-
tively, in 31 studies of 16 patients. In high-dose I-131 MIBG scintig-
raphy, a total of 136 and 140 abnormal uptakes were pointed out in
planar and SPECT/CT images, respectively, in 17 studies of 12 patients.

In comparison of all 10 pairs of I-123 and high-dose 1-131
MIBG studies in the same patient that were obtained within 2 weeks,
the lesions detected by 1-123 MIBG scintigraphy were 3.0/study in
planar image, 3.7/study in SPECT/CT image; and the lesions de-
tected by high-dose 1-131 MIBG scintigraphy were 7.3/study in
planar image, 7.7/study in SPECT/CT images. The number of
detected lesions is summarized in Table 2.

In all I-123 MIBG SPECT/CT images, 18 new lcsions, which
had not been pointed out in planar images, were detected in 14
studies (45.2%) of 11 patients (68.8%), but § lesions which had been
recognized in planar images became undetectable in 4 studies
(12.9%) of 2 patients (12.5%). Anatomic locations of 21 lesions in
planar image were modified after analysis of SPECT/CT images in
14 studies (45.2%) of 10 patients (62.5%). As a whole, SPECT/CT

www.nuclearmed.com | 3

- 179 -



Fukuoka et al

Clinical Nuclear Medicine = Volume 36, Number 1, January 2011

TABLE 4. Number of Lesions in High-Dose 1-131 MIBG Imaging
Neo. Lesions Modified
Study No. Lesions in No. Lesions No. Newly Detected No. Lesions Turned to be Anatomical Localization
Number  Diagnosis Planar Image in SPECT/CT Lesions in SPECT/CT Negative in SPECT/CT by SPECTICT
1 pheo 2 2 0 0 0
2 pheo 1 1 0 0 0
3 pheo 6 6 0 0 0
4 pheo 5 6 1 0 0
5 para 4 6 2 0 3
6 para 35 35 0 9 3
7 pheo 2 2 0 0 4]
8 pheo 3 3 0 0 0
9 pheo 7 7 0 0 i
10 neuro 1 1 0 0 0
1 neuro 15 15 0 0 1
12 neuro 9 8 0 1 0
13 neuro 8 9 1 0 2
14 neuro 7 7 0 0 0
15 neuro 3 2 0 i 1
16 neuro 15 17 2 0 5
17 neuro 13 13 0 0 1
Total 136 140 6 2 17
MIBG indi taiodob ! idine; pheo, pheochramocytoma; para, § i neuro,
1-123 MIBG -131 MIBG

FIGURE 1. A 10-year-old boy with neuroblastoma
underwent 14.8 GBq (400 mCi) of I-131 MIBG
therapy. In the planar image with diagnostic 1-123
MIBG, only 3 abnormal uptakes were detected in
the upper mediastinum, left lower abdomen, and
left thigh. In the planar image with therapeutic
high-dose 1-131 MIBG, total of 13 abnormal up-
takes were detected in the left shoulder, mediasti-
num, vertebrae, upper and lower abdomen, and
in the left thigh.

images provided additional diagnostic information over planar im-
ages in 25 studies (80.6%) of 12 patients (75.0%). The number of the
lesions detected in 1-123 MIBG planar and SPECT/CT imaging is
summarized in Table 3.

In high-dose I-131 MIBG SPECT/CT images, 6 new lesions
were detected in 4 studics (23.5%) of 4 patients (33.3%), but 2
lesions which had been recognized in planar images became obscure
in 2 studies (11.8%) of 2 patients (16.7%). Anatomic locations of 17
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Anterior

Anterior Posterior

Posterior

lesions were altered after the evalvation of SPECT/CT images in 8
studies (47.1%) of 8 patients (66.7%). As a whole, SPECT/CT
images provided additional diagnostic information in 9 studies
(52.9%) of 9 patients (75.0%) over planar images. The number of
the lesions in high-dose I-131 MIBG planar and SPECT/CT #maging
is summarized in Table 4.

Most of the new lesions detected in SPECT/CT were located
near the physiological uptake or were overlapped with the physio-
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Anterior Posterior

Posterior

Anterior

logical accumulation. In 1-123 MIBG SPECT/CT images, 10 of 18
newly detected lesions by SPECT/CT were overlapped with the
physiological accumulation and 1 new lesion was detected as a
Iymph node, 4 were in bones, and 3 were in lungs. In high-dosc
1-131 MIBG SPECT/CT images, 4 of 6 newly detected lesions were
overlapped with the physiological accumulation and other one lesion
was detected as a lymph node and another one was in a bone. Al of
the lesions turned to be negative in SPECT/CT were suspected to be
located in bones in planar images.

The representative comparative planar images with 1-123
MIBG and high-dose 1-131 MIBG of a 10-year-old malc patient
with neuroblastoma are shown in Figure 1. A representative case
with bencficial 1-123 MIBG SPECT/CT over planar image for the
detection of the lesion is shown in Figure 2. A case with beneficial
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FIGURE 2. A 54-year-old woman with malignant
paraganglioma underwent diagnaostic 1-123 MIBG
scintigraphy. In the planar image, it is easy to
point out the abnormal accumulation in the lower
abdomen (narrow arrow), however, it is difficult
to detect the abnormal uptake beside the bladder
(wide arrow) because of physiological accumula-
tion in the bladder. In the SPECT/CT, it is easy to
detect the abnormal MIBG accumulation corre-
sponding to the nodular lesion in the left side of
the bladder.

FIGURE 3. A 47-year-old woman with malignant
pheochromocytoma underwent diagnostic low-
dose -123 MIBG scintigraphy. In the planar im-
age, it is difficult to determine whether the abnor-
mal uptake in the right upper abdomen exists in
the right rib or in the liver. In the SPECT/CT, it is
proved that the abnormal accumulation exists in
the liver.

SPECT/CT over planar image for the localization of the abnormal
uptake is shown in Figure 3.

DISCUSSION

1-131 MIBG internal radiation therapy has become popular as
a systemic therapy for patients with malignant neuroendocrine
tumors such as malignant pheochromocytoma, malignant paragan-
glioma, and neuroblastoma with metastatic lesions® > in addition
to chemotherapy represented by combined regimen of cyclophosph-
amide, vincristine, and dacarbazine.’' For the indication of I-131
MIBG therapy, it is essential to confirm MIBG accumulation to the
metastatic lesions and to rule out MIBG accumulation to high-risk
sites such as the lesion compressing spinal cord. In our institute,
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