
3. Hatanaka H, Nakagawa Y. Clinical results of long surviving brain tumor patients who
underwent boron neutron capture therapy. mt JRadiat Oncol BiolPhys l994;28:l061â€”
I066.

4. Fair LE, Sweet WH, Robertson JS, et al. Neutron capture therapy with boron in the
treatment of glioblastoma multiforme. Roentgenol 1954;7I:1279â€”1293.

5. Coderre JA, Bergland R, Chadha M, et al. Boron neutron capture of glioblastoma
multiforme using p-boronophenylalanine-fructose complex and epithermal neutrons.
In: Mishima Y, ed. Cancer Neutron Capture Therapy. New York: Plenum Press.
1996:553â€”561.

6. Kabalka GW, Davis M, Bendel P. Boron-l 1 MRI and MRS of intact animals infused
with a boron neutron capture agent. JMagn Reson Med 1988;8:23lâ€”237.

7. Kabalka GW, Cheng CQ, Bendel P, Micca PL, Slatkin DN. In-Vivo Boron-I 1 MRI

and MRS using (B24H2252)4- in the rat. J Magn Reson Imag 1991;9:969â€”973.
8. Kabalka GW, Chao T, Bendel P. The role of boron M@ in boron neutron capture

therapy.JNeuro Oncol 1997;33:l53â€”161.
9. Bradshaw KM. Schweizer MP, Glover GH, et al. BSH distributions in the canine head

and a human patient using B-I 1 MRI. Mag Reson Med 1995;34:48â€”56.
I0. Hubner KY, King P, Gibbs WE, Partain CL, Washburn LC, Hayes RL, Holloway E.

Clinical investigation with carbon-Il-labeled amino acids using positron emission
computerized tomography in patients with neoplastic disease. IAWA/WHOSymposium
Proceedings.Vienna,1981:515â€”529.

I 1. Hubner KF, Purvis JT, Mahaley SM Jr. et al. Brain tumor imaging by positron
emission computed tomography using@ â€˜C-labeledamino acids. J Comput Assist
Tomography 1982;6:544â€”550.

12. Hubner KF, Smith GT, Thie JA, Stephens TS, Buonocore E. Dynamic positron
emission tomography (PET) ofbrain tumors using l-aminocyclobutane[C-l l]-carbox
ylic acid (I-[C-I ll-ACBC) and a two-compartment model. JNuclMed l992;33:922.

13. Hubner KF, J Thie, Hunter K, Smith GT, Bond H. Mechanism of uptake of
l-[C-I I]-aminocyclobutanecarboxylic acid (C-I I-ACBC) by brain tumors examined
by a new multiple time graphical analysis (MTGA) of image data acquired by positron
emission tomography. In: Faulkner K, Carey B, Crellin A, et al., eds. Proceedings of
the 19th L.H. Gray Conference: Quantitative Imaging in Oncology, London: British
Institute of Radiology. 1996; 20â€”22.

14. Ishiwata K, Ido T, Mejia AA, Ichihashi M, Mishima Y. Synthesis and radiation
dosimetry of 4-borono-2-[F-18]fluoro-D,L-phenylalanine: a target compound for PET
and boron neutron capture therapy. Appl Radiat Isot 1991;42:325â€”328.

15. Reddy NK, Kabalka GW, Longord CPD, Roberts J, Timothy Gotsick. 4-[B-l0]Bo
rono-2-[F-18]fluoro-L-phenylalanine-fructose complex for use in timing boron neu
tron capture therapy (BNCT). J Labelled Compd Radiopharm I995;37:599â€”600.

16. Smith GT, Jones RC, Hubner 1ff, Bond HW. A simple method to determine arterial
input function data in quantitative PET [Abstract]. Proceedings of the Radiological
Society ofNorth America 80th Scient@/IcAssembly and Annual Meeting 1995:326.

17. Hoffman El, Huang SC, Phelps ME. Quantitation in positron emission computed
tomography: 1. Effect of object size. J Comput Assist Tomograph,v I979;3:299â€”308.

18. Imahon Y, Ueda 5, Ohmori Y, et al. A basic concept for a PET-BNCT system. In:
Mishima Y, ed. Cancer neutron capture therapy. New York: Plenum Press; 1996:
691â€”696.

19. Huang SC, Phelps ME, Hoffman EJ, et al. Noninvasive determination oflocal cerebral
metabolic rate of glucose in man. Am J Physiol l980;238:E69â€”E82.

20. Mankoff DA, Shields AF, Graham MM, Link JM, Krohn KA. A graphical analysis
method to estimate blood-to-tissue transfer constants for tracers with labeled metab
olites. J Nucl Med I996;37:2049â€”2057.

21. Coderre JA, Morris GM, Micca PL, Fisher CD, Ross GM. Comparative assessment of
single-dose and fractionated boron neutron capture therapy. Radiation Research
1995;144:3 10â€”317.

22. Barth RF, Adams DM, Soloway AH, Mechetner EB, Elam F, Anisuzzman ALM.
Determination of boron in tissues and cells using direct current plasma atomic
absorption emission spectroscopy. Anal Chem 1991;63:890â€”892.

23. Ishiwata K, Ido T, Kawamura M, Kubota K, Ichihashi M, Mishima Y. 4-boron-2-[F-
18]flouoro-D,L-phenylalanine as a target compound for boron neutron capture therapy:
tumor imaging potential with positron emission tomography. mt i Radiat Appllnstrum
B 199l;18:745â€”751.

24. Ishiwata K, Shiono M, Kubota K, et al. A unique in vivo assessment of 4-[B-
lO)borono-L-phenylalanine in tumour tissues for boron neutron capture therapy of
malignant melanomas using positron emission tomography and 4-borono-2-[F-
l8]fluoro-L-phenylalanine. Melanoma Res l992;2:l71â€”174.

25. Matsuda H, Oba H, Seki H, et al. Determination offlow and rate constants in a kinetic
model of â€œTc-hexamethyl-propylene amine oxime in the human brain. J Cereb
Blood Flow Metab 1988;8 (suppl):56lâ€”568.

26. Neirinckx RD, Burke iF, Harrison RC, Forster AM, Andersen AR, Lassen NA. The
retention mechanism of technetium-99m-HMPAO: intracellular reaction with gluta
thione. J Cereb Blood Flow Metab 1988;8 (suppl):54â€”Sl2.

27. Smith GT, Stubbs JB, Hubner KF, Goodman MM. Dynamic PET scanning and
compartmental model analysis to determine cellular level radiotracer distribution in
vivo. Proceedings ofthe F@fihInternational Radiopharmaceutical Dosimetry Sympo
sium, Oak Ridge, TN May 1991:371â€”384.

28. Stubbs JB, Smith GT, Stabin MG, Eckerman KF, Turner JE. An approach to cellular
level dosimetry using compartmental model analysis and dynamic PET. Proceedings
ofthe F@flhInternationalRadiopharmaceuticalDosimetry Symposium.Oak Ridge, TN
May 1991:385â€”395.

29. Nigg DW, Eng D. Methods for radiation dose distribution analysis and treatment
planning in boron neutron capture therapy. mt J Radiation Oncology Biol Phys
1994;28:l121â€”I134.

30. Kobayashi T, Kanda K. Analytical calculation ofboron-l0 dosage in cell nucleus for
neutroncapturetherapy.RadiationResearchl982;9I:77â€”94.

expression of each of the three major components of MEN I
within and among affected families is variable. Hyperparathy
roidism is the most common endocrine abnormality in MEN I,
and is biochemically present in 90% of patients at the time of
diagnosis (2â€”5).

Symptoms of MEN I typically appear during the third to fifth
decades, but screening laboratory tests for asymptomatic hy
percalcemia may identify affected individuals at an earlier age
(4,6). The spectrum of symptoms and signs of hyperparathy
roidism in MEN I is similar to that observed in sporadic primary
hyperparathyroidism. The common clinical manifestations in
dude urolithiasis, peptic ulcer disease, emotional lability and
bone pain. Multiple parathyroid gland hyperplasia is the char
acteristic finding in MEN I related hyperparathyroidism (5).

CASE REPORT
The case of a 57-yr-old woman with MEN I is presented. The

patient's brother has hyperparathyroidism and a gastrinoma, and

We report a case of a 57-yr-old woman with history of multiple
endocrine neoplasia type I (MEN I).A Â°@Tc-sestamibiscan dem
onstrateda hyperplasticparathyroidgland,a largeanteriormedias
tinal mass and a pituitary aderioma during a study done to evaluate
recurrent hyperparathyroidism.The importance of this case is that
much of the nonparathyroid pathology in patients with MEN I
syndrome may be detected with this one study.
Key Words: multipleendocrineneoplasiatype I; sestimibi;carci
noid; parathyroid adenoma; hyperparathyroidism
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TypeImultipleendocrineneoplasia(MENI)isahereditary
autosomal dominant syndrome consisting of pituitary, parathy
roid and pancreatic islet cell neoplasms (1). The clinical
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FIGURE1.MRItransadalimageshowinga 1.5x 2.0cmsuprasellarmass
consistentwith a pituitaryprolactinoma.

her mother died of the Zollinger-Ellison syndrome. The patient's
history is characterized by the following: ( 1) hyperprolactinemia
with a 2 cm clinically silent alpha subunit secreting pituitary
adenoma detected prospectively by MRI in 1993 (Fig. 1); (2)
hyperparathyroidism treated in February 1971 by subtotal parathy
roidectomy and in May 1994 by excision of fifth and sixth
(supranumary) neck glands; and (3) a 2-cm pancreatic islet cell
lesion treated by excision.

In May 1995, a 99mTcsest@ibi SPECT scan was performed in
an attempt to locate additional parathyroid tissue that was sug
gested by recurrent biochemical hyperparathyroidism. This study
detected an area suspicious for an ectopic parathyroid gland in the
thoracic inlet on the right side (Fig. 2A). The known pituitary
adenoma was also imaged by the sestamibi (Fig. 2B). One month
prior, a large anterior mediastinal mass had been detected on a

FiGURE2. (A)Anteriorreprojectionim
age of a SPECT @1c-sestamiblscan
localizinga right thoracic inlethyperplas
tic parathyroidgland in the submanubtial
region(arrow).In addition,a largediffuse
irregularmass,withlessintenseuptakein
the anterior mediastinum,was found to
be a thymic carcinoid tumor (arrow
heads).(B)Transaxialsliceof the head
showing the increasedtracer activity in
the pituitaryadenoma.
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FIGUREa CTof thechestshowsthesharplymarginatedandlobulated
anteriormediastinalmass (arrows)measuring4.5 x 3.5 cm originatingfrom
the thymicbed; fine-needleaspirationdemonstrateda thymiccarcinoid
tumor.

chest radiograph and evaluated by a CT (Fig. 3). The mass also was
seen on the sestamibi images (Fig. 2A). Ultrasound guided biopsy
of the anterior mediastinal mass yielded tissue consistent with a
thymic carcinoid tumor. A malignant thymic carcinoid tumor was
resected in June 1995 along with a 97-mg parathyroid gland. The
patient's abdomen was not imaged with the sestamibi, and,
therefore, we do not know if the pancreatic tumor would have been
tracer avid.

Pathology
The mediastinal mass was resected with an adjacent 2-cm

portion ofleft upper lobe oflung and a 7.5 X 5.0 X 0.2-cm portion
of pericardium. The tumor measured 11 X 7.2 X 3.0 cm and had
a disting lobular, tan appearance with focal hemorrhage, cystic
degeneration and calcification. A separate, 3 X 2.5 X 1.5-cm
tumor nodule was removed from the left superior thymic extension.
Grossly normal appearing fatty thymic tissue was also submitted.
Approximately one-third of an enlarged, ectopic supernumerary
right inferior parathyroid gland was submitted that weighed 97 mg
and measured 8 x 7 x 7 mm. The remaining portions were
cryopreserved and one part implanted into the left brachioradialis
muscle.

Histologically, the thymic carcinoid tumor was composed of
relatively uniform round to spindle shaped cells with pale eosi
nophillic cytoplasm in a solid growth pattern. Mild nuclear atypia
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..@p



was present and mitotic figures were identified. The tumor cells
were positive for neuron specific enolase, synaptophysin and
cytokeratin AE1/AE3 and negative for chromogranin and ACTh.
Vascular invasion was present, as well as extension beyond the
capsule into the adjacent adipose tissue. Microscopic foci of tumor
was present in the grossly normal appearing thymus and metastatic
tumor was present in one of four lymph nodes.

The parathyroid gland was hypercellular with a diffuse prolifer
ation of chief cells and oxyphil cells, which is consistent with
hyperplasia. A microscopic focus of metastatic carcinoid tumor
was present within the parathyroid gland.

The enucleated pancreatic endocrine tumor measured 2.5 cm in
greatest dimension and was resected with a small rim of unin
volved pancreatic tissue. The tumor was white-tan in color and
showed cystic degeneration. Histologically, the tumor was com
posed of nests and trabeculae of neuroendocrine cells typical of
islet cell tumor. Immunohistochemical stain for chromogranin was
positive in the tumor cells and somatostatin was weakly positive in
a focal distribution. Glucagon and insulin were negative. The small
portion of adjacent panceatic parenchyma showed no evidence of
islet cell hyperplasia.

DISCUSSION
Thymic carcinoid tumors are rare in both the sporadic and

MEN setting. In both instances, the clinical features, including
a high incidence of Cushing's syndrome and frequent presen
tation at an advanced stage are similar (8). Surgical extirpation
is the therapy of choice and adjuvant chemotherapy and
radiation therapy do not appear to confer a survival benefit
(8,9). Given the high rate of metastases and tumor-related
deaths associated with these tumors, screening for these neo
plasms seems warranted, especially in patients with MEN I who
may be undergoing evaluation for hyperparathyroidism. This
has been recommended by other authors who have documented
an 88% rate of concomitant hyperparathyroidism in MEN
patients with thymic carcinoid, and 39% rate of thymic carci
noid in MEN patients with hyperparathyroidism (10).

The association of carcinoid tumors with MEN I was first
reported by Underdahl in 1953 (6). Since then, more than 50
cases ofcarcinoid tumor associated with other endocrine tumors
have been reported. Carcinoid tumors occur in S%â€”9%of
patients with MEN I. The most frequent sites of origin are the
bronchus, duodenum and thymus.

Technetium-99m-sestamibi (Cardiolite) was originally devel
oped for myocardial perfusion studies as an alternative to 201Tl
chloride (7, 11). It is a monovalent cation complex with a central
Tc(I) core octahedrally surrounded by six identical alkyl isoni
trile groups that are coordinated through the isonitrile carbon.
The surrounding terminal alkyl groups give the complex a
moderate liphophilic property (12). Technetium-99m-sestamibi
uptake in tumors is proportional to blood flow (13). Its uptake
mechanism involves passive diffusion across plasma and mito
chondrial membranes. At equilibrium, strong negative trans
membrane potentials propagate a concentration of the agent
within the inner matrix of mitochondria (12, 14). Since the early
l990s, an increasing number of articels have been published
describing uptake of 99mTc@sestamibi in tumors. Case reports
describing uptake in breast carcinoma (15), osteosarcoma (16),
bronchogenic carcinoma (1 7) and parathyroid carcinoma (18),
as well as in medullary thyroid carcinoma (19) have been
reported. The augmented uptake in malignant tumors is be
lieved to be caused by stronger negative mitochondrial and
plasma membrane potentials secondary to increased metabo

lism of tumor cells (12,20). Indirect mechanisms, such as an
increase of blood flow and capillary permeability, have also
been suggested (21). Technetium-99m-sestamibi is also accu
mulated in benign tumors and it is used for detection and
localization of parathyroid adenomata (22â€”24).

CONCLUSION
The parathyroid hyperplasia, thymic carcinoid tumor and

pituitary adenoma in the case reported were all detected by
9@Tc-sestamibi. Technetium-99m-sestamibi has become the
standard imaging modality for localization of parathyroid ade
nomas. Its accumulation is nonspecific and, because of this, as
demonstrated in the case report, examination with this agent can
potentially localize nonparathyroid endocrine pathology in
patients with the MEN I syndrome, complementary with imag
ing studies.
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