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We present a case of atypical carcinoid that showed avid uptake
of sestamib in a recurrent bronchial carcinoid tumor and a soli-
tary, unsuspected, occult, bony metastatic lesion in the distal
femur. As carcinoid tumors are known to be vascular, we sus-
pect that its avidity for sestamibi is secondary to increased blood
fiow, although other factors such as the transmembrane poten-
tials of plasma and mitochondrial membranes and relative num-
ber of mitochondria present in the cells of this carcinoid tumor,
may have also played a role.
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Bron@iial cinoid tumors usually are benign and have
a good progn®sis with low incidence of metastases, but
some run a rapid course with metastatic spread and are
histologically labeled as ‘‘atypical carcinoid ‘tumors.”
(I1-4). The pathologic diagnosis of an atypical carcinoid is
based on atypical histological features such as notable vari-
ability in size and shape of cells, presence of mitosis and
polymorphous nucleolar configuration. Metastases were
usually absent at the time of diagnosis, but a metastasizing

potential was recognized.

CASE REPORT

The patient is a 76-yr-old white female who had a left upper
lobectomy in 1988 for an atypical carcinoid tumor metastatic to
several lymph nodes at the time of diagnosis. She subsequently
received 6 mo of chemotherapy and remained discase-free
through March of 1992. A chest radiograph taken on September 1,
1992, revealed a new soft-tissue density lateral to the aortic arch
that was confirmed on CT scan. A follow-up sestamibi tumor scan
was performed on September 15, 1992, after intravenous admin-
istration of 30 mCi of *™Tc-sestamibi because of clinical interest
generated by published reports of tumor scanning with sestamibi.
The whole-body scan was performed 30 min postinjection on a
whole-body camera, at a table speed of 15-17 cm/min for a total
imaging time of 15 min. SPECT images of chest and abdomen
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were obtained on a dual-head Rota camera equipped with ultra-
high resolution collimators. For the SPECT study, a 64 x 64
matrix was used and data were acquired over 360° in 120 angular
views of 15 sec each using a pseudocontinuous step-and-shoot
data acquisition method developed at this institution.

The scan revealed an ovoid area of increased activity adjacent
to the superolateral aspect of the aortic arch corresponding to a
known tumor mass seen on CT scan. A small focal area of mod-
erately increased activity consistent with a metastatic focus was
noted in the medial aspect of the distal right femoral metaphysis.
A bone scan performed for a metastatic workup showed a solitary
bone lesion involving the distal right femoral metaphysis medially
precisely in the same location as that seen on sestamibi tumor
scan. The patient underwent CT-guided biopsy of the right fem-
oral lesion. Microscopy of the tumor biopsy showed irregular
nests of cells with increased nuclear cytoplasmic ratio, moderate
pleomorphism, hyperchromatism and moderate amount of cyto-
plasm consistent with metastatic atypical carcinoid tumor. Unfor-
tunately, the number of mitochondria percent could not be deter-
mined in this case since it is difficult to assess the number of
mitochondria by light microscopic appearance. Electron micros-
copy could not be performed because of the small tissue sample
obtained by biopsy. Except for the uncommon oncocytic carci-
noid tumor, both typical and atypical carcinoid tumors do not
contain an increased number of mitochondria, although there is
some variation in mitochondrial concentration from tumor to tu-
mor (6).

DISCUSSION

Neuroendocrine carcinomas of the lung constitute ap-
proximately 25% of all lung tumors (7), including classic
carcinoid (Kulchitsky-cell carcinoma [KCC I}, atypical
carcinoid (KCC II), or small-cell carcinoma (KCC III)).
Precise histopathological classification is important be-
cause treatment and prognosis among the three groups of
tumors differ significantly (8). In most reported series,
KCC II lesions constitute 25% of carcinoid tumors (9).
Lymph node metastases occur in 3% of patients with KCC
I tumors and in 40%-50% of patients with KCC II tumors
(10,11). Bronchoscopy is useful in the diagnosis of 60%—
80% of KCC I tumors, but the bronchoscopic diagnosis of
KCC II tumors is more difficult due to inability to visualize
some of these tumors (9, 12).

Bronchial carcinoids are particularly slow growing, thus
resection generally leads to an excellent prognosis (13).

The Joumnal of Nuclear Medicine * Vol. 34 ¢ No. 10 * October 1993



FIGURE 1. Sestamibi tumor scan after
administration of 30 mCi of MIBI. Anterior
whole-body planar view (A) demonstrates
increased MIBI uptake in the thoracic tumor
(arrow) and faint increased uptake in distal

femoral metaphysis (arrowhead) com-

e patible with solitary bony metastasis. Trans-
verse (B) and coronal (C) SPECT images of

£ 2 the thorax demonstrate intense increased
activity in the tumor (arrow) adjacent to the

R L.;. uﬂ

Malignancy is not determined by histologic features but by
the appearance of metastases which may occur up to 10 yr
after apparently successful treatment of the primary le-
sions (I4). Smith (15) and many others feel that histopa-
thology alone offers no prognostic value in bronchial car-
cinoid. A review of 60 patients by Rea et al. (16) suggests
that long-term survival is high, 93% at 5 yr and 89.6% at 10
yr, in the case of typical carcinoids. In contrast, atypical

FIGURE 2. Anterior view of
knee joints after administration
of 20 mCi of **™Tc-MDP shows
focal area of increased activity
in the dmal right femoral me-
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aortic arch (photogenic area). Normal MIBI
uptake is seen in thyroid, heart and bone

marrow of the spine.
carcinoids had significant malignant potential withi¢ %4 5-yr
survival of 66% and 10-yr survival of 60%. e négative

prognosis related to lymph node metastases has been re-
ported by many authors (16-18).

Hexakis (methoxyisobutylisonitrile) technetium (I)
(Tc-MIBI) is an excellent myocardial perfusion agent
(19,20). Technetium-MIBI belongs to a class of *™Tc-
based lipophilic cationic agents whose myocardial distribu-
tion is proportional to regional blood flow. Once intracel-
lular, it is sequestered largely within mitochondria (21).
Significant uptake in a broad range of organs, including
liver, skeletal muscle, lung, thyroid, and kidney, was dem-
onstrated in animals and humans. Recently, its tumor im-
aging properties have undergone investigation. Sestamibi
uptake has been reported in lung cancers (22,23), breast
cancer, lymphomas, mediastinal and pulmonary metastasis
from thyroid cancer (24), peripheral soft tissue and bone
sarcomas (25), and undifferentiated mesenchymal tumor
(26). Ramanathan et al. (27) used *™Tc-MIBI for visual-
ization of suppressed thyroid tissue, and preliminary re-
ports indicate that *™Tc-MIBI also localizes in parathyroid
adenomas (28).

It has been reported that *™Tc-MIBI accumulates
within mitochondria and cytoplasm of cells on the basis of
electrical potentials generated across the membrane bilay-
ers (29-31) of both plasma and mitochondrial membranes.
Since malignant tumors maintain higher (more negative)
mitochondrial and plasma transmembrane potentials sec-
ondary to their increased metabolic requirements, this
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should cause increased accumulation of MIBI in malignant
tumors (30) as opposed to other types of tissues. It has also
been reported that metabolic blockade with metabolic in-
hibitors such as rotenone and iodoacetate could depress
MIBI cellular uptake (32). Interestingly, the equilibrium
intracellular concentration of sestamibi has also recently
been found to be inversely related to the degree of expres-
sion of P-glycoprotein, an ancient pump protein responsi-
ble for the development of multi-drug resistance to chemo-
therapeutic agents (33).

While myocardial uptake is constant over 1 hr, tumor
uptake first increases and then decreases with time (24).
Reports have suggested that the optimum imaging time for
MIBI uptake is between 30-60 min after injection. Prelim-
inary reports of human imaging with *™Tc-MIBI have
shown uptake more than 50% higher in tumor than in
normal tissue (22-24). Uptake in benign tumors is uncom-
mon, but does occur in adenomas of the breast, thyroid,
and parathyroid glands. Caner et al. (34) believe that MIBI
uptake is more closely related to factors such as blood
flow, tumor necrosis, metabolic demand and mitochondrial
activity rather than the nature of the lesion. Their data
suggest that radiotherapy and/or chemotherapy signifi-
cantly inhibit the uptake of MIBI and can thus be used to
evaluate the effectiveness of therapy.

In our patient, sestamibi uptake by a recurrent carcinoid
tumor and unsuspected bony metastasis is important for
two reasons. First, the finding of an occult metastasis was
quite important in patient management since this patient
received chemotherapy rather than surgery or radiation
therapy as initially planned. Second, because of the loca-
tion of the metastatic lesion near the knee joint, the pa-
tient’s bone scan could easily have been misinterpreted as
a degenerative change rather than a metastatic lesion. In-
stead, the sestamibi uptake led to a follow-up CT scan and
eventual biopsy of the lesion.

Technetium-MIBI may have a potential role in evaluat-
ing patients with malignancies, particularly of the lung and
mediastinum. This case report illustrates the usefulness of
sestamibi tumor scanning in initial evaluation of carcinoid
tumors that are difficult to assess for malignancy on patho-
logical grounds alone. As carcinoids are vascular tumors, it
may be anticipated that sestamibi will prove to be of sig-
nificant value in a larger series of these tumors, although
further work is required.
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FIRST IMPRESSIONS

FIGURE 1.
Anterior view of
the pelvis and hips
3 hr following
injection of *"Tc¢-
HDP. Intense focal
uptake is shown
over the superior
aspect of the
greater trochanter
on the left side.

FIGURE 2.
Repeat view of
the pelvis and
hips after
emptying the

patient’s pockets.

PURPOSE

A 13-yr-old girl with old Perthes disease, who had
undergone a previous osteotomy of the left femoral neck
three years earlier, was continuing to have left hip pain.
She was referred for follow-up bone scan to determine
whether the origin of pain was physical or nonorganic.

Blood-pool images showed no abnormality. Initial 3-
hr views of the pelvis demonstrated a site of intense
focal uptake at the superior aspect of the greater
trochanter of the right femur (Fig. 1). When the technol-
ogists questioned the patient about the pain site, they
considered the possibility of contamination. Asked to
empty her pockets, the patient produced a cotton wool
swab that had been used on the venapuncture site fol-
lowing administration of the radiopharmaceutical.
Repeat image views showed no abnormality (Fig. 2).

This case demonstrates that patients should not be
permitted to dispose of swabs following administration
of radiopharmaceuticals and should certainly not be
allowed to leave the hospital with contaminated swabs.
The resulting artifact could affect final interpretation of
images.

TRACER
470 MBq (12.7 mCi) of *Tc-HDP.

ROUTE OF ADMINISTRATION
Intravenously.

TIME AFTER INJECTION
Immediate blood-pool and 3-hr planar views, each con-
sisting of 700 k counts.

INSTRUMENTATION
IGE 400ac/Starport gamma camera.

CONTRIBUTORS
Alan Perkins, Mandy Blaze, Simon Lawes and Kevin
Blackband.

INSTITUTION
Nuclear Medicine Clinic, Department of Medical
Physics, University Hospital, Nottingham, UK.
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