
tavalent DMSA, labeled monoclonal antibodies, labeled soma
tostatin receptors and 9@'Tc-sestamibi (6â€”9).

Technetium-99m-sestamibi is a radiopharmaceutical which
has been used widely in the imaging ofcardiac muscle (10) and
parathyroid adenomas (11, 12), but there are few reports of its
use in MTC (9,13).

We report an evaluation of 9@â€•Tc-sestamibi scanning in
comparison to CT in 10 patients with recurrent MTC. We define
a threshold of serum calcitonin above which the 99mTc@sesta@
mibi scan is likely to be positive and also define the sites of
MTC recurrence where @â€˜Tc-sestamibiscanning is more
sensitive than CT.

MATERIALSAND METhODS
Ten patients (6 women, 4 men; age 21â€”76yr; mean age 51 yr)

with either sporadic or inherited MTC were studied. All patients
underwent total thyroidectomy 1â€”20yr previously with or without
a local lymph node clearance. All patients had suspected MTC
recurrence on the basis of elevated basal calcitonin values. The
clinical residual disease varied from undetectable to extensive.
Clinical data are summarized in Table 1.

CT scans of the neck and chest were performed in all patients.
Seven patients also had views of the upper abdomen performed.
The scans included 5 mm contiguous contrast scans through the
neck and upper mediastinum. All CT scans were reviewed by the
same radiologist and by at least one other independent radiologist.

All patients underwent scintigraphic studies using 9@â€•Tc-sesta
mibi. An anterior view of the chest (300 sec) followed by anterior
and posterior whole-body sweeps (12 mm/meter) was performed in
each patient, beginning 15 mm after 800 MBq @â€œ@Tc-sestamibi
injection. A SPECT scan ofthe chest and neck was then performed
(360Â°,64 steps, 25 sec each, elliptical orbit). If an abnormality was
identified on planar views in a region other than the neck and chest,
a SPECT study of that region was considered. All images were
acquired on a single-head gamma camera equipped with a high
resolution, parallel-hole collimator and interfaced to a nuclear
medicine computer. All images were interpreted qualitatively by
two experienced nuclear medicine physicians blinded to the clini
cal history and the results of other investigations. A consensus
approach was used in the event of equivocal studies. Technetium
99m-sestamibi and CT studies were then reviewed together, and a
comparison was made of the sites of abnormality. Two patients in
the series underwent bone scanning. Whole-body planar images
were obtained on the same camera and performed 3â€”4hr after 800
MBq 9@Tc-methylene diphosphonate (MDP) injection.

Basal calcitonin values were measured by a commercially
available enzyme-linked immunoassay. The normal range in this
assay is <20 ngf!iter.

The chi-square statistic was used to compare 99mTc@sestamibi
scanning with CT for the number of lesions detected in the soft
tissues of the neck and chest. The difference was considered
significant for p < 0.05.

The presence of recurrent medullary thyroid carcinoma (MTC)can
be detected early by measurement of serum calcitonin levels, but
the localizationof recurrenttumorsis oftendifflcutt.Methods We
compared Â°@rc-sestamibi scans with computed tomographic (CT)
scans in 10 patients with recurrent MTC, who had basal serum
calcitonin values ranging from 220-61800 ng/Iiter. Two patients
additionally had bone scans performed because of the clinical
suspicion of bone metastases. Results Seven of the 10 patients
had at least one site of abnormal @Tc-sestamibiuptake, and all of
these patients had basal serum calcitonin values >6000 ng/liter.
Only five of the 10 patients had abnormal CT scans. Technetium
99m-sestamibi scans detected 22 abnormal sites inthe soft tissues
ofthe neck and chest, while CT scans detected only 11 lesions inthe
neck and chest. Five of these sestamibi positive sites @nthe neck
and mediastinum of one patient) were confirmed histologically to
represent MTC. When imaging the liver, CT scans detected 47
lesions in three patients while se@@@Tc@sestamibiscans detected
none. One of these liver lesions was confirmed as MTC histologi
cally. When imaging bone in two of the patients, the bone scans
detected 17 abnormal sites, while @Tc-sestamibi scans detected
six abnormal sites. Conclusion: Technetium-99m-sestamit@ scans
complement CT and bone scans in the localization of recurrent MTC
in patients with extremely high calcitonin levels. Technetium-99m-
sestamibi scans are more sensitive than CT scans in the assessment
of the soft tissues of the neck and chest, but CT is more appropriate
for imaging hepatic lesions and bone scans are better for imaging
bone lesions. Technetium-99m-sestamibi scans are unlikely to be
abnormal in patients with only mild elevation of calcitonin.

Key Words: technetium-99m-sestamibi; computed tomography;
bone scan; medullary thyroid carcinoma
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IlVledullarythyroidcarcinoma(MTC)accountsfor 5%â€”10%
of all differentiatedthyroid cancers(1). MTC may be sporadic
in 75% of cases or occur as part of the inherited cancer
syndromes multiple endocrine neoplasia type 2 and familial
MTC in 25% of cases (1).

Approximately 35% of MTCs will have local lymph node
spread at the time of diagnosis, and 50% will develop recurrent
disease (2). The optimal mode oftreatment for both the primary
tumor and recurrence is surgery (3). While elevation of serum
calcitonin and carcinoembryonic antigen (CEA) levels are used
to demonstrate the presence of recurrent or residual disease, the
preoperative localization of tumor tissue is problematic (4).

Imaging methods used to localize MTC include: ultrasound,
CT, selective venous catheterization(SVC), MRI and radionu
clide scanning, each of which has its limitations (5â€”9).Several
radionuclide tracers have been used, but studies report small
numbers and have shown poor sensitivit@' and/or specificity (6).
These agents include 201Tl-chloride,@ â€˜I-MIBG,9@â€•Tcpen
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BasalPatient
calcitonin

no. (ng/liter) Extentof surgeryand/or radiotherapy ClinicalfeaturesCT scan results (Lealons)@rc-sestamibi results(Sites)1

220 Reoperationto neck and mediastinumNNN2
308NNN3

5340 Two neck dissectionsNNN4
6240 Reoperationto neck and mediastinumt 1-cm A neck nodeR neck-i cmTwo inneck(9

x 2-cmmassof12MTC-contalningnormal mediastinumThree inmediastinumnodes
removedfrommediastinum)5

7500 NNOne in centralneck6
10000 Lhepaticresection@(4 @i, @Clesion) RandLaxillaryUver, 2 cmOne in R axilla,1 in Laxillanodes7

16000 Mediastinumopened at initialsurgery KnownmuttipleL neck-i.5cm,RIungâ€”2cm;One in L neck, I in R lung, 1 inLmetastasesorlung,
3 inmedlastinum30

lesions in liver(1to 2cm)8
25400 RadiOtherapytoneckandmediaslinum KnownmuttipleR paratracheallealoninto AOne in A paratrachealregionintometastasessuperior

mediastinumâ€”4cmR superiormediaslinum,I in L
mediastinum,1 InLhilum9

31000 Tworeoperationstoneckradioactive NNOne in Lfemur,asymmetriciodine
(originallydiagnosed as papillaryparotiduptakecance@10

61800 Radktherapy to bony metastases in Known mut@pleL suprada@ricularlesion-i cmOne LsupracIa@ricuIarR and Lhilarthoraco-lumbar
spine metastasesR and L hilarlesions(2.5and

2 cm)Lneckâ€”i-cm
paratracheallesions(0.8and
0.9 cm);16 liverlesions(1â€”2
cm)sites,

one in Laxilla,one R
paiietalsite, one R scapular site,
one in R shoulder,one in L
second rib,one inLi*Sur@y

subsequent to the initialthyroidectomyÂ±neck dissection in allpatients.tSurgery
subsequent to the sestamibistudy.N

= no abnormalities detected; A = right@L = left.

TABLE I
Clinical Data

were not detected by 9@Tc-sestamibi imaging, and two of these
lesions were < 1 cm in diameter.

While SPECT studies were more useful than planar images in
defining the exact location of the lesions, no additional lesions
were detected by SPECT in the neck and chest in any patient.

RESULTS
Of the 10 patients studied, seven patients (70%) showed at

least one abnormal area on 9@Tc-sestamibi scanning, com
pared with five patients (50%) on CT scanning. All ofthe seven
patients with abnormal 9@â€•Tc-sestamibiscans had biochemical
evidence of extensive disease with calcitonin values greater
than 6000 ng/liter. Two of these patients had uptake in only one
site, and the remaining five patients had uptake in multiple sites.
Individual patient data are shown in Table 1. Results are divided
according to the location of the abnormalities in either soft
tissues, liver or bone.

Soft Thsue
A total of 25 soft-tissue lesions in the neck and chest were

detected in six patients on either 9@â€•@Tc-sestamibior CT
scanning. Of these lesions, 14 (56%) were detected only on
9@'Tc-sestamibi imaging, 3 (12%) on CT scanning alone and 8
(32%) using both techniques. For example, 9@â€•Tc-sestamibi
scans detected 22 of 25 soft-tissue sites, while CT scans
detected 11 of 25 (p < 0.001). Technetium-99m-sestamibi
scans detected soft-tissue lesions in five patients in whom CT
scans of the same site revealed no abnormality (Figs. 1 and 2).
The benefit of @Â°Tc-sestamibiover CT scanning was particu
larly evident in the mediastinum. Three patients (Patients 4, 7
and 8) had mediastinal sites detected by 9@â€•Tc-sestamibibut not
by CT. In Patient 4, the @Tc-sestamibiscan showed two sites
in the neck and three in the mediastinum (Fig. 2), while the CT
scan showed only a 1-cm neck lesion. Histological confirmation
was obtained when 16 and 12 MTC-containing lymph nodes
were removed from the neck and the mediastinum, respectively.
The mediastinal mass removed measured 9 cm X 2 cm and
included 15 nodes (12 of which contained MTC). CT revealed
soft-tissue abnormalities in only one patient (Patient 10) that

FIGURE 1. Technebum-99m-sestamibiscan in Patient 5 (a 51-yr-old
woman, 13 yr post-thyroidectomywitha calcitoninof 7500 ng/1Iter@shows
the abnormalsite inthe neck, midline.CTscan was normal.
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99mTcsestamibi yielded higher target-to-background ratios than
scanning with either 201T! or â€˜Iâ€˜Inanti-CEA Ab fragments.

We compared 99mTc..ses@ibi scans with CT scans, which is
the most frequently used imaging modality in patients with
recurrent MTC in our institution. Our series of patients had
basal calcitonin values from 220â€”61800 ng/liter, and 70% of
these patients had an abnormal 99mTcSes@,@ibi scan at one or
more sites. Of the 25 soft-tissue sites detected by 99mTc
sestamibi and/or CT scanning, significantly more (88%) were
detected by 99mTc..sestamibi than by CT (44%). Technetium
99m-sestamibi scanning was able to detect a greater number of
abnormal soft-tissue sites than CT in all but one of the seven
patients. The discrepancy between 99mTc@sestamibi scanning
and CT in individual patients may be due to differences in
tumor biology. Technetium-99m-sestamibi is taken up by mi
tochondria, and uptake is clearly not related only to tumor size.
Small lesions of 8 mm and 9 mm diameter in Patient 10 were
detected by CT and not by 99mTc@sestamibi scanning; however,
a group of 12 tumor-containing lymph nodes in the mediasti
num of Patient 4 was seen on the 9@Tc-sestamibi scan but not
on the CT scan. It is possible that the discrepancy is due to
modifications of anatomical planes, since Patient 8 had medi
astinal radiotherapy and Patients 5, 7 and 10 underwent previ
ous surgery in the region of the discrepancies. CT scans can be
difficult to interpret when there has been previous surgery and
normal tissue planes are lost (21).

The specificity of the two techniques could not be confirmed
histolOgically in every patient, but in Patient 4, mediastinal
abnormalities on @â€œTc-sestamibiscan, and in Patient 6, a liver
lesion identified on the CT scan, were each confirmed histo
logically. All patients had extremely high calcitonin levels and
clearly had metastatic MTC. Furthermore, the absence of
abnormal 99mTcses@ibi uptake in any of the patients with
calcitonin values less than 6000 ng/!iter suggests that sites of
false-positivity are uncommon.

The hepatic excretion of 99mTcses@.@ibi complicates its
ability to identify hepatic metastases. In our study, lesions
detected by CT could not be detected by 99mTcses@ibi planar
imaging. While SPECT may have been more sensitive in the
identification of hepatic metastases, it was not routinely per
formed because of the significant increase in the imaging time
required, combined with the fact that physiological liver and
bowel uptake could complicate image interpretation. SPECT
was useful in precisely localizing lesions in the neck and chest
but did not detect additional lesions to the planar images.

Conventional bone scanning with 99mTc@MDP would still
appear to be the preferred imaging modality for bone metasta
ses, as 11 lesions seen on bone scanning were not visualized on
9@Tc-sestamibi scanning, and the avidity of @mTc@MDPfor
bone lesions was greater than that of @mTc@sestamibi.

The utility of 9@Tc-sestamibi scanning is greatest in patients
with calcitonin values in excess of 6000 ng/liter. No patient
with a value less than this showed any abnormality on either
99mTcsestamibi or CT scans. Technetium-99m-sestamibi scan
ning alone is thus not a suitable method for localizing disease
not clinically apparent, although clearly it has value when
combined with CT and bone scanning in the evaluation of
patients who may potentially benefit from further surgery.

CONCLUSION
Technetium-99m-sestamibi scanning is a sensitive technique

for detecting recurrent MTC in patients with calcitonin values
in excess of 6000 ng/liter. Technetium-99m-sestamibi scanning
should be considered complementary to CT and bone scanning
in the overall assessment of patients with very high calcitonin

Anterior Chest

FIGURE 2. Technetium-99m-sestamibi scan in Patient 4 (a 69-yr-old
woman, 2-yr post-thyroidectomywith a calcttoninof 6240 ng,liter)shows
three mediaslinal and two neck sites. CT scan was abnormal only in the
nedc

Liver
Forty-seven lesions up to 2 cm in diameter were detected by

CT in three patients. None of these lesions were identified on
99mTcsestamibi imaging. MTC was confirmed histologically in
the liver lesion of Patient 6 who underwent fine-needle aspira
tion biopsy and then surgical resection of this lesion (which
measured 4 cm on removal).

Bone
Seventeen lesions were detected on 99mTc@MDPbone scans

in two patients who had clinically suspected bone metastases
(Patients 9 and 10). Only six bone lesions (35%) were detected
on 9@Â°@Tc-sestamibiscansin thesepatients.In eachcase,lesions
were more clearly identified on bone scanning than on 9@Tc
sestamibi scanning due to a higher target-to-background ratio.

DISCUSSION
The mainstay of therapy for both primary and recurrent MTC

is surgery (3), and thus accurate preoperative localization of
tumor is required. Technetium-99m-sestamibi has been shown
to be taken up by some malignancies including lung, nasopha
ryngeal carcinoma and lymphoma (14â€”16).The mechanism of
tumor localization is thought to be uptake of the radiopharma
ceutical by mitochondria (1 7). Technetium-99m-sestamibi is
taken up by normal thyroid tissue and has been used to
successfully image differentiated thyroid adenocarcinomas
(18, 19) and Hurthle cell tumors (20). However, published
descriptions of 99mTcseStamibi uses in MTC are confined to
case reports only (20). Lebouthillier et al. (9) describe two
patients with metastatic MTC where 9@Tc-sestamibi scanning
was performed along with 201T!, 1311 MIBG and 99mTc
(V)DMSA scanning. A SPECT study with 9@'Tc-sestamibi
allowed the precise localization of a metastatic mediastinal
lymph node in one case where the other studies were inconclu
sive. O'Driscoll et al. (13) describe one MTC patient where
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values. Technetium-99m-sestamibi scanning is more sensitive
than CT for localizing soft-tissue disease, especially in the
mediastinum, although liver metastases should be assessed on
CT scans. Bone metastases from MTC are best assessed on
bone scans.
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days). The bone component accounting for the remaining 77.6% of
the dose shows no biologic clearance. A mean 22.4% of the
dose is excreted in urine in 14 days; 11.4% within 24 hr. The
uptake pattern appears similar to that of 99mTc@MDP. Peak
uptake is observed in normal bone by 24 hr and metastatic
lesions by 3â€”7days. Pain palliation was observed with all three
doses levels. Conclusion: Among the four potential bone pain
palliation radionuclides, @lmSn(4+)DTPAdemonstrates the highest
bone uptake and retention. Some biokinetic and radionuclidic faa
tures of ll7mSn(4+)DWA are similar to other agents, but many
features are different and unique and may make it an ideal bone pain
palliation agent. Double-blind comparative studies are needed to
determine its exact role in bone pain palliation.

Key Woids bone pain palliation;pham,acoI@netics;tin-i 17m(4+)DTPA
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0@ theestimated1.35millionpeopleintheU.S.whowould
be diagnosed of some form of cancer in 1996, slightly more
than halfwill develop metastasis (1 ). In patients whose primary

Biokinetics and imaging characteristics of 117mSn(4+)DTPA have
been studied in patients with metastatic bone pain. Methods:
Seventeen patients with bone pain due to metastasis were given
three dose levels: 180 MCi/kg (6.66 MBq/kg), 229 MCi/kg (8.47
MBq/kg) and 285 @tCVkg(10.55 MBq/kg) body weight. Periodic
blood and daily urine samples were collected for 14 days to
measure percent injected activity retained in blood and that excreted
in urine. Simultaneous anterior and posterior view whole-body
images were obtained under identical scan settings at 1, 3.5 and 24
hr and on Days 3 and 7 and between 4-6 and 8-1 0 wk postinjection.
The total body retention was calculated using the geometric mean
counts. Results: After intravenous injection, the total body clearance

117mSn(4+)DTPA shows two components: a soft-tissue compo

nent and a bone component. The soft-tissue component accounts
for 22.4% of the dose and consists of four subcomponents with an
average biologic clearance half-time of 1.45 days (range 0.1â€”3.2
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