
Pentavalent [99mTc]DMSA,[13ÃŒ]MIBG,and
[99mTc]MDP-An Evaluation of Three Imaging

Techniques in Patients with Medullary
Carcinoma of the Thyroid
Susan E.M. Clarke, Colin R. Lazarus, Philip Wraight, Charles Sampson,
and Michael N. Maisey
Department of Nuclear Medicine, Guy's Hospital, London; and Department of Nuclear
Medicine, Addenbrooke's Hospital, Cambridge, England

Nine patients with histologically proven medullary carcinoma of the thyroid (MCT) were
imaged using pentavalent ["Tcldimercaptosuccinic acid [(V)DMSA], [131I]
metaiodobenzylguanidine (MIBG) and ["Tcjmethylene diphosphonate (MDP). Technetium-

99m (V)DMSA demonstrated most of the tumor sites in eight patients with proven
mÃ©tastases,with an overall sensitivity of 95% in lesion detection, lodine-131 MIBG showed

definite uptake in some of the tumor sites in three of the nine patients imaged, with equivocal
uptake seen in a further one patient, with sensitivity of only 11% for lesion detection.
Technetium-99m MDP demonstrated bony mÃ©tastasesonly, in four of the patients imaged
yielding a sensitivity of 61%. Technetium-99m (V)DMSA has been demonstrated in this study

to be a useful imaging agent in patients with MCT, showing uptake in significantly more
lesions and with better imaging qualities than [131I]MIBG, and with the ability to detect soft

tissue as well as bony mÃ©tastases.
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.atients with medullary carcinoma of the thyroid
(MCT) have been imaged using a variety of radio-

nuclide techniques. Primary tumors have been identi
fied as cold areas on technetium-99m (99mTc) pertech-

netate thyroid scans, with the classic pattern of bilateral
nonfunctioning nodules (7). Bony mÃ©tastasesand some
extraosseous mÃ©tastases have been visualized using
[99mTc]methylene diphosphonate (MDP) (2,3), and
liver mÃ©tastaseshave been identified using [99mTc]col-

loid (2). Tumor-seeking agents have also been used in
MCT patients, with variable success. Thallium-201

chloride has been shown to accumulate in thyroid
tumors of various histologie types (4) including MCT,
while gallium-67 citrate does not appear to be taken up

by MCT tumor (5). Two new radiopharmaceuticals
have been developed recently, with reported uptake in
patients with MCT. Accumulation of iodine-131 met

aiodobenzylguanidine (MIBG), developed as an agent
for imaging pheochromocytomata (6), has been dem-
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onstrated in some patients with primary and metastatic
MCT (7-70), and pentavalent technetium-99m dimer-
captosuccinc acid ([99mTc](V)DMSA) has been shown

to accumulate in a variety of head and neck tumors,
including MCT (77,72).

In this study, we have therefore evaluated the uptake
of [99nTc](V)DMSA, [131I]MIBG, and [99mTc]MDP in

eight patients with MCT, and compared the uptake of
these agents at sites of known tumor identified by CAT
scanning, clinical examination, and surgery.

MATERIALS AND METHODS

Nine patients were studied with a histologie diagnosis of
MCT and persistently elevated calcitonin levels. Eight of these
patients had mÃ©tastasesvisualized on CAT scanning, and the
remaining one patient had no evidence of recurrent tumor,
including negative radionuclide liver scan, chest x-ray, and
CAT scan, despite persistent elevation of calcitonin following
the removal of a primary tumor (Table 1).

All patients in the study had an initial whole-body bone
scan performed using 15 mCi (550 MBq) [99mTc]MDPand a
standard imaging protocol using a large field-of-view gamma
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TABLE 1
PatientDetails

Calcitonin
pg/ml
(NFV

Age Yr since <100pg/
Patient (yr) diagnosis SxT ml) CT result

123456789655253745245243886218710234410+6,100+

8,970+

3,540+

5,310+

2,400+
6,0001

,200995+

1,400Bone

skullL2ribpelvisSoft-tissue

paralumbarBone

ribsvertebraepelvisSoft-tissue

localnodesliverlungBone

vertebraeright
shoulderskullpelvisSoft-tissue

localBone

vertebraepelvisfemoraSoft-tissue

localSoft-tissue
localSoft-tissue
localliverSoft-tissue

lungNo

tumorvisualizedBoneT6Soft-tissue

para-aortic

' NR = Normal range.

f Sx = Symptoms.

camera. Patients then received Lugol's iodine 24 hr prior to

the administration of 1 mCi (37 MBq) [13II]MIBG, and for 7
days after. Patients were imaged at 24 and 48 hr after [13II]

MIBG administration and whole-body images were acquired.
In the final part of the study, [99Tc](V)DMSA was pre

pared by adding 4.4 mg DMSA, 120 mg dextrose, and 5.04
mg sodium bicarbonate to a standard DMSA vial*. These

powders were dissolved in 0.4 ml of 7% sodium bicarbonate
solution. A portion (0.1 ml) of the resultant solution was
added to 2.5 ml containing 15 mCi (550 MBq) [99mTc]per-

technetate. Prior to use, the injection was filtered through a
0.22-iim filter and 10 mCi (370 MBq) [99mTc](V)DMSA were

then injected intravenously within 120 min of preparation.
Whole-body images were acquired 2 hr after injection.

RESULTS

A summary of our results is shown in Table 2. All
patients with mÃ©tastasesdemonstrated by CAT scan
ning showed [99mTc](V)DMSA accumulation in both

bone and soft-tissue mÃ©tastases,with 88% of patients
with disease identified on imaging. Technetium-

99m(V)DMSA detected 94% of all bone mÃ©tastasesand
100% of soft-tissue mÃ©tastases,both local and distant.

One patient with elevated calcitonin levels (Patient 8)
failed to demonstrate uptake with [99mTc](V)DMSA,

and was judged a false-negative result despite negative
findings with all other imaging techniques. Iodine-131

MIBG showed significant uptake in three patients, with
a sensitivity of 38%, but not all known tumor sites were
visualized and uptake appeared more pronounced in
soft-tissue mÃ©tastases. Thirteen percent of soft-tissue

lesions were detected, compared with 10% of bony
mÃ©tastases(Fig. 1), and uptake was demonstrated in
four patients with identified disease (Fig. 2). Techne-
tium-99m M DP was taken up by all known bony
mÃ©tastases,but no uptake in soft-tissue mÃ©tastaseswas

demonstrated in this study (Fig. 3).
The effective dose equivalent, assuming three hourly

bladder emptying, has been calculated in this study to
be 3.0 mSv using [99mTc](V)DMSA.

DISCUSSION

Medullary carcinoma is an uncommon tumor but,
like follicular carcinomas of the thyroid, runs a pro
longed course, with patients frequently surviving many
years following initial diagnosis, despite distant mÃ©tas
tases. As these tumors commonly metastasize to bone,
[99mTc]MDP bone scanning has been used routinely to

follow-up these patients and, in some individuals, up
take of ["TcJMDP has also been observed in soft-

tissue mÃ©tastases.Recent interest has been shown in
two other imaging agents, namely [99mTc](V)DMSA
and [I3II]MIBG, that have both been demonstrated to

accumulate in some patients with MCT (7,72). We
have confirmed that both these radiopharmaceuticals
are, indeed, taken up in sites of known recurrent MCT,
and we have also shown that [99mTc](V)DMSA has
distinct advantages over both [131I]MIBG and [99mTc]

MDP in imaging patients with metastatic MCT. Uptake

TABLE 2
% MÃ©tastasesIdentified

[131]MIBG [TcjMDP ["TcKVJDMSA

Soft tissue Soft tissue Soft-tissue

Bone Local Distant Bone Local Distant Bone Local Distant

Lesion sensitivity 5/52(10%) 2/10(20%) 3/23(13%) 52/52(100%) 0/10 (0%) 0/23(0%) 49/52(94%) 10/10(100%) 23/23(100%)
Overall sensitivity 10/85(12%) 52/85(61%) 82/85(95%)
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FIGURE 1
A: ["mTc]MDP bone scan. Posterior view of abdomen, showing linear increased uptake of MDP at level of T12 but with
photon deficient area in region of lateral borders of L2, L3 (arrow). B: [131I]MIBG scan. Posterior view of abdomen,
showing intense uptake at level of L2 (arrow) and identifying known metastasis in left iliac crest. C: ["mTc](V)DMSA

scan. Posterior view of abdomen, showing uptake at level of T12, and in lesion at level of L2 (arrow). Also diffuse
uptake in left iliac crest metastasis.

of [99mTc](V)DMSA was visualized in all patients with

proven mÃ©tastases,with a sensitivity of lesion detection
of 95%, and the images obtained were of high quality
with good tumor-to-background ratio. Most known

tumor sites were identified, both bony and soft tissue,
and no false-positive uptake of [99mTc](V)DMSA was

seen. Only one false-negative scan was obtained, and

this was in an asymptomatic patient in whom, although
calcitonin levels were elevated, no tumor could be
visualized despite extensive investigation.

Technetium-99m(V)DMSA is a low cost radiophar-

maceutical, that is easily prepared and is imaged at 2
hr after injection. As a technetium-labeled radiophar-

maceutical, the effective dose equivalent of 3.0 mSv is
markedly less than that from a diagnostic [I3II]MIBG

scan, calculated by Swanson et al. from animal data
(13) to be 75 mSv for a 1 mCi [131I]MIBG dose. The
method of uptake of [99mTc](V)DMSA into tumors is

not understood. Ohta et al. (77) have postulated that
pentavalent DMSA resembles the phosphate ion, and
suggest that this is the mechanism by which [99mTc]

(V)DMSA accumulates in tumors, particularly in MCT
where calcification is a well recognized phenomenon.
The observation in this study that [99mTc](V)DMSA is
taken up into more sites than are visualized with [99mTc]

MDP suggests that this may not be the explanation of
uptake. Animal work is at present being carried out in
an attempt to understand the mode of uptake of [99mTc]

(V)DMSA into certain tumors.
The recently reported failure by Hilditch et al. (74)
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FIGURE 2
A: ["TcJMDP bone scan. Posterior view of pelvis, show
ing multiple bone mÃ©tastases(arrows). B: [131I]MIBG scan.
Posterior view of pelvis, with no [131I]MIBG uptake identi
fied in known mÃ©tastases.C: ["mTc](V)DMSA scan. Pos

terior view of pelvis, showing uptake in known bone mÃ©
tastases (arrows).

to demonstrate uptake of [99mTc](V)DMSA in six pa

tients with MCT is probably due to kit instability, since
the images presented were typical of those achieved
with the trivalent form of DMSA rather than the pen-

tavalent form (15,16).
Technetium-99m MDP, while remaining a suitable

agent for imaging bony mÃ©tastaseswith a sensitivity of
bone mÃ©tastasesdetection of 100%, failed to demon
strate soft-tissue mÃ©tastasesin any of the patients im

aged, and is therefore less satisfactory in the routine
follow-up of MCT patients, with an overall sensitivity

of 61 % for lesion detection.
Iodine-131 MIBG has clearly been shown to be a

useful imaging agent in patients with pheochromocy-
toma ( 16 ) and neuroblastoma (17) with a false-negative
rate of ~ 10% to 20% in both tumor types. Since MCT

is also neuroectodermally derived, the much higher
false-negative rate (56%) demonstrated in this study

and in the study of Poston et al. (70) is disappointing,
particularly in view of the therapeutic potential of [131I]

MIBG in patients with significant uptake. The failure
of some patients with proven metastatic tumour to
accumulate [I3'I]MIBG requires further investigation in

order to attempt to identify the factors that predispose
to [13II]MIBG uptake. However, the fact that only 11%

of lesions were detected indicates that this radiophar-

maceutical has no role in primary diagnosis or in the
detection of recurrence, but its potential role in therapy
in patients with significant uptake warrants further
study.

We believe that [99mTc](V)DMSA has been demon

strated in this study to be an ideal imaging agent for
the follow-up of patients with MCT, in whom elevation

of the calcitonin levels after thyroidectomy suggest the
persistence or recurrence of tumor, facilitating the vis
ualization of local and distant mÃ©tastasesand the as-
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FIGURE 3
A: [MmTc]MDP bone scan. Anterior views of thorax, showing rib mÃ©tastasesbut with no uptake in hepatic mÃ©tastases
(arrows). Faint renal activity is seen. B: [131I]MIBG. Anterior view of thorax, showing diffuse [131I]MIBG accumulation in
hepatic mÃ©tastasesand uptake in suprastemal recurrence (arrow). C: ["Tc^VplvlSA. Anterior view of thorax showing

intense uptake in local, rib, and hepatic mÃ©tastases(arrows).

sessment of response to therapy. Both [99mTc]MDP and
[mI]MIBG have marked disadvantages in the follow-

up of this group, but may have a secondary role in
management.
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