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The early detection of all tumor sites in patients with medullary
thyroid carcinoma (MTC) before primary surgery is important, be-
cause MTC tends to metastasize to regional lymph nodes of the
neck and mediastinum early during the course of the disease.
Methods: In an approach to localize the primary tumor sites and to
detect additional tumor involvement, we have performed in 22
patients with MTC either ®*™Tc(V)-dimercaptosuccinic acid (DMSA)
and/or '"'In-diethylenetriamine pentaacetic acid-D-Phe-1-oct-
reotide scintigraphy. Results: Indium-111-octreotide (150-200
MBq) identified the primary tumor in 10 of 14 patients (71%),
whereas the primary tumor was visualized by ®*™Tc-DMSA (300-
370 MBq) in 10 of 17 patients (58%). In 8 of 22 patients (36%), lymph
node metastases were present at the time of diagnosis, as con-
firmed by histopathology and histochemistry after surgery (all <2
mm). Preoperatively, neither scan was able to detect lymph node
involvement in these patients (0/8). Conclusion: Both ®*™Tc-DMSA
and '"'In-octreotide studies have similar sensitivity to localize pri-
mary MTC; however, these scans are not able to detect small ymph
node involvement (micrometastases) before initial surgery. Unfortu-
nately, both scans have no clinical implication for preoperative
staging in patients with MTC.
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Medullary thyroid carcinoma (MTC) is a slow-growing,
malignant neuroendocrine tumor that accounts for 4%-9% of
all thyroid malignancies (/-4). MTC arises from the parafol-
licular C cells of the thyroid and occurs in a sporadic form and
as a part of the multiple endocrine neoplasia syndrome (7,2).
Calcitonin and carcinoembryonic antigen (CEA) are used as
biochemical tumor markers in patients with MTC. Therefore,
the persistent elevation of these markers after primary surgery is
suggestive of residual disease or metastases (5-7). In contrast,
an undetectable basal calcitonin level without pathological
increase after provocative stimuli indicates the cure of the
disease (8). The earliest and primary sites of metastases are
local lymph nodes of the neck and mediastinum (/,4,8).
Because surgery is the only therapeutic option for this tumor
and because more than 50% of patients with MTC have
metastases at the time of the diagnosis (/,9,10), the localization
of all tumor sites is important. Surgical strategy is based on this
fact and on the occurrence and distribution of lymph node
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metastases (9). If cervical or mediastinal lymph node metasta-
ses are already present at the time of initial surgery, an
extensive lymph node dissection should be performed, because
lymph node metastases seem to be the major prognostic factor
in patients with MTC (//-13).

Besides radiological techniques such as sonography, CT or
MRI, several radionuclides, including 2°'Tl-chloride, '*'1/'%I-
metaiodobenzylguanidine, '''In/'®'I-anti-CEA, **™Tc-hexakis-
2-methoxyisobutyl isonitrile and **™Tc(V)-dimercaptosuccinic
acid (DMSA), have been used with variable success. Because of
the image quality and relatively low radiation burden, **™Tc-
DMSA has been advocated by many authors for the localization
of MTC; however, its limitations are its sensitivity and speci-
ficity (14-26). Recent interest has been shown in receptor-
based radiopharmaceuticals, which have been successfully used
to localize neuroendocrine tumors (27,28). As a neuroendocrine
tumor, MTC may also express high-affinity somatostatin (SST)
receptors, suggesting the use of the SST receptor scintigraphy in
?atients with MTC (28-35). Although recent studies with

"'In-diethylenetriamine pentaacetic acid-D-Phe-1-octreotide
are encouraging in patients with MTC, their potential value in
detecting micrometastases remains controversial. The reported
sensitivity of SST receptor scanning in patients with MTC using
"""In-octreotide ranges between 17% and 72% (4,36).

This study evaluated the clinical value of '''In-octreotide
and/or “™Tc-DMSA scans in detecting lymph node microme-
tastases before initial surgery.

MATERIALS AND METHODS
Patients

Patient data are summarized in Table 1. Twenty-two patients (17
women, 5 men; age range 30-79; mean age 61 yr) with histolog-
ically confirmed sporadic MTC were studied. Germ-line mutations
of the ret protooncogene (3) were excluded in all patients by
analyzing exons 10, 11, 13, 14 and 16 of this gene on chromosome
10. MTC was suspected biochemically on the basis of elevated
basal and pentagastrin-stimulated calcitonin levels. Indium-111-
octreotide scintigraphy was performed in 14 patients, and *™Tc-
DMSA scintigraphy was performed in 17 patients (Table 1).
Nineteen of 22 patients (86%) had a solitary, and 3 of 22 patients
(14%) had bilateral tumor sites that were identified during surgery.
In 8 of 22 patients (36%), lymph node metastases were present, either
grossly involved (n = 1) or as micro (<2 mm) metastases (n = 7).

Surgery

In all patients, a time-consuming, meticulous surgical technique
was used in which, prophylactically, the fatty tissue with lymph
node metastases was removed en bloc along both recurrent nerves
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Table 1
Patient Data, Results of In Vivo Scintigraphy and Tumor

Characteristics
Tumor .
Primary - . Postoperative
Patient tumor sitefg) 298 _Positive lesions ., ated
no. Age Sex (mm) pT pN DMSA octreotide calcitonin
1 30 F RTL(@5), 2b 1b RTL np No
LTL (10)
2 68 F LTL(35) 2a 1a LTL LTL Yes
3 76 F LTL@Y) 2a 1a LTL LTL Yes
4 73 F RTL(20) 2b 0 na np No
LTL 3)
5§ 3 F LTL(@ ia 0 LTL nc No
6 49 M RTL@) 1a 0 np RTL No
7 54 M RTL@)LTL 1b 1b na np No
©)
8 51 M RITL(60) 4a 1b RTL np Yes
9 564 F RTL(32 2a 1b np RTL Yes
10 73 F LTL@37) 22 0 na np No
11 71 F RTL(12 2a 0 RTL RTL No
12 49 F RTL(29) 2a 0 RTL RTL No
13 47 F RTL(14) 22 0 np RTL No
14 69 F RTL(@) ia 0 np LTL No
15 61 F LRL(50) 4a 1a na np No
16 77 F RTL(5) ia 0 RTL RTL No
17 60 F RTL@) ia 0 np RTL "No
18 65 F LTL(@ ia 1a na na Yes
19 58 M LTL@Q) 1a 0 na np No
20 79 F LTL(13) 2a 0 LTL np Yes
21 73 F LTL(® ia 0 nc LTL No
2 71 M LTLG) 1a 0 LTL nc No

pT = pathological tumor classification; pN = pathological lymph node
classification; RTL = right thyroid lobe; LTL = left thyroid lobe; np = not
performed; nc = not conclusive; na = no accumulation; DMSA = dimer-
captosuccinic acid; OCT = octreotide.

(central compartment) and along the internal jugular veins of both
sides (lateral compartment). All removed lymph node metastases
were examined histopathologically and histochemically.

Somatostatin Receptor Imaging

SST receptor scintigraphy was performed using '''In-octreotide
(OctreoScan-111, Mallinckrodt, Inc., Petten, Holland). After label-
ing according to the manufacturer’s instructions, planar images of
the thyroid, thorax and abdomen were obtained using a medium-
energy, parallel-hole collimator 6, 24 and, in some cases, 48 hr
after administration of 150-200 MBq '''In-octreotide. In all
patients, SPECT studies of the neck and mediastinum were
performed. Acquisition parameters for planar images were 300—
500 kct for the images of head and neck and 500 kct for the
remainder of the body, with a 256 X 256 pixel matrix. SPECT
studies of the neck and mediastinum were performed with a 64 X
64 pixel matrix and 40-60 sec for each projection over 360°.

Technetium-99m-DMSA Scintigraphy

Twenty minutes after injection of 300-370 MBq **™Tc-DMSA,
whole-body (10 cm/min) scans were obtained with a low-energy,
ultrahigh resolution collimation (double-head gamma camera,
Toshiba, Japan). Thereafter, spot views of the neck were obtained
(500-800 kct). In all patients, SPECT studies were performed with
a 64 X 64 pixel matrix at 60 sec for each projection over 360° after
planar scans.

Preparation of Technetium-99m-DMSA
Labeling and analysis of the tracer was performed as follows: 2.7
pumol DMSA (FLUKA Chemie AG, Buchs, Switzerland) dissolved

in normal saline was buffered to pH 8 with 1 M NaHCO,. About
10 mCi **™Tc-O, were added and reduced by electrolytic Sn(II)-
generation. The **"Tc-DMSA complex thus formed was stabilized
by ascorbic acid and finally filtered through a sterile 0.2 um
membrane. Radiochemical purity was analyzed by thin-layer chro-
matography (silica-gel; n-butanol:HOAc:H,O 3:2:3) and paper
chromatography developed in acetone and was better than 98%.

RESULTS

Indium-111-octreotide Scintigraphy

In 10 of 14 patients, a unilateral MTC lesion was correctly
localized, resulting in a sensitivity of 71% for primary tumors.
Two scintiscans in these 14 patients (14%) were considered to
be nondiagnostic, because a diffuse accumulation and no
well-delineated focal lesion was visualized. In the remaining
two patients (14%), no accumulation was seen in the thyroid
gland. None of the patients with bilateral MTC lesions under-
went '''In-octreotide scintigraphy.

Four of 14 patients (29%) who underwent '''In-octreotide
scintigraphy had lymph node metastases at the time of surgery
that could be documented histopathologically; however, in none
of these patients were lymph node metastases detectable scin-
tigraphically.

Technetium-99m-DMSA Scintigraphy

In 9 of 14 patients with unilateral primary MTC, **™Tc-
DMSA scintigraphy correctly localized the tumor site with a
sensitivity of 64%. In four patients with unilateral primary
MTC, no accumulation was observed. In the remaining patient,
diffuse accumulation of the tracer was seen, but it was consid-
ered to be nondiagnostic. Three patients had bilateral tumor
sites (n = 6). Only one of these tumor sites was visualized
correctly. The overall sensitivity for primary tumor was 58%.

Seven of 17 patients (41%) who underwent **™Tc-DMSA
scintigraphy had lymph node involvement at the time of surgery
that was documented histopathologically and histochemically.
None of these lymph node metastases could be visualized by
9mTc-DMSA scintigraphy.

DISCUSSION

MTC metastasizes early to regional lymph nodes of the neck
and mediastinum. In more than 50% of patients, lymph node
metastases are present at the time of the presentation of the
disease (/,10). The presence of lymph node metastases has
been proven to be the main prognostic factor in MTC (/2) and
seems to increase the risk of cause-specific mortality (/7).
Therefore, the detection of lymph node involvement in MTC is
important. After exclusion of possible distant metastases, all
calcitonin-producing tissue (primary tumor tissue and lymph
node metastases) has to be resected surgically to avoid persist-
ing disease, which generally leads to a time-consuming, labo-
rious reoperation. The surgical strategy should be based on this
fact and on the occurrence and distribution of lymph node
metastases (9). Recent reports have emphasized the value of a
meticulous, microsurgical compartment-oriented dissection
(37,38), because total thyroidectomy in combination with
prophylactic central, lateral neck and mediastinal dissection
seems to be the only curative therapeutic option in patients with
MTC (9,11,37-41,42).

Noninvasive radiological methods to detect lymph node
involvement of MTC include sonography, CT and MRI gener-
ally fail to localize micrometastases in a high proportion of
patients, because these imaging techniques generally rely on the
criteria of lymph node enlargement. When tumor deposits
within a node are microscopic, detection of the tumor by CT
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and MRI is impossible (43). Several nuclear medicine methods
have been used to overcome this problem. Likewise, the
detection of small lesions is limited (4,/4-26). The most
reliable localization technique seems to be selective venous
catheterization, but this technique is invasive and also yields
inconclusive results in a considerable proportion of patients
(23-33).

Precise preoperative localization of tumor sites in patients
with MTC is advocated by some authors to minimize potential
surgical complications (22), as well as to avoid reoperations. In
our study, because of unsuccessful preoperative localization,
none of the patients benefited from scintigraphy, and extensive
surgery had to be performed.

Sixteen of 22 patients (73%) had postoperatively undetect-
able basal and pentagastrin-stimulated calcitonin levels, indi-
cating a curative surgical strategy (&). It can be concluded that
these patients had no distant metastases at the time of surgery
and were biochemically cured after initial surgery. However,
despite meticulous initial surgery and extended surgical man-
agement, 6 of the 22 patients (27%) (Patients 2, 3, 8, 9, 18 and
20, Table 1) still had elevated basal or pentagastrin-stimulated
calcitonin levels, indicating the presence of lymph node or other
distant metastases (4/). However, in no patient, could addi-
tional tumor sites be documented scintigraphically before initial
surgery using either of these scans. The lack of sensitivity of
""In-octreotide and *°™Tc-DMSA scanning to detect lymph
node metastases can be explained by the small size of the
lesions, because all lesions were <2 mm.

In about one-third of the patients, despite extended surgical
management and dissecting lymph node metastases in the
central and lateral compartments, the metastatic lesions may
still be undetected. The results of this study suggest that (a) the
sensitivity of '''In-octreotide and °*™Tc-DMSA scans in the
localization of primary MTC is similar and (b) neither scan is
able to detect micrometastatic lymph node involvement in the
neck and mediastinum before initial surgery. New imaging
techniques are, therefore, needed to improve the clinical man-
agement of patients with MTC.

CONCLUSION

The results of our study suggest that '''In-octreotide and
99mTc-DMSA scans have similar sensitivity to localize primary
MTC tumor sites; however, neither scan is able to detect early
lymph node micrometastases. Therefore, a precise preoperative
staging with !''In-octreotide or **"Tc-DMSA scans in patients
with MTC is not possible.
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