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Abstract. Several studies have reported on the expres-
sion of somatostatin receptors in patients with differenti-
ated thyroid cancer (DTC). The aim of this study was to
evaluate the imaging abilities of a recently developed
technetium-99m labelled somatostatin analogue, 99mTc-
EDDA/HYNIC-TOC (99mTc-TOC), in terms of precise
localisation of disease. The study population comprised
54 patients (24 men, 30 women; age range 22–90 years)
with histologically confirmed DTC who presented with
recurrent or persistent disease as indicated by elevated
Tg levels after initial treatment. All patients were nega-
tive on the iodine-131 post-therapy whole-body scans.
Fluorine-18 fluorodeoxyglucose positron emission to-
mography (18F-FDG PET) was performed in a subgroup
of 36 patients. The study population consisted of two
groups: Group A (n=22) comprised patients with disease
recurrence as shown by elevated Tg levels but without
detectable pathology. In group B (n=32), pre-existing le-
sions were known. Among the 54 cases, SSTR scintigra-
phy was true positive in 33 (61.1%), true negative in 4
(7.4%) and false negative in 17 (31.5%) cases, which re-
sulted in a sensitivity of 66%. A total of 138 tumour foci
were localised in 33 patients. The fraction of true posi-
tive 99mTc-TOC findings was positively correlated
(P<0.01) with elevated Tg levels (higher than 30 ng/ml).
Despite two false positive findings, analysis on a lesion
basis demonstrated better diagnostic efficacy with 18F-
FDG PET (P<0.001); however, it also revealed substan-
tial agreement between the imaging techniques [Cohen’s
kappa of 0.62 (0.47–0.78)]. In conclusion, scintigraphy
with 99mTc-TOC might be a promising tool for treatment
planning; it is easy to perform and showed sufficient ac-

curacy for localisation diagnostics in thyroid cancer pa-
tients with recurrent or metastatic disease.
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Introduction

The overall prognosis of differentiated thyroid carcino-
ma (DTC) is generally rather good, with low metastatic
potential and a high chance of definitive cure [1]; how-
ever, carcinoma type, stage and histological grading in-
fluence the individual outcome. Therefore, clinical sur-
veillance after surgery and radio-ablation is very impor-
tant for early detection of residual disease or recurrence.
For this purpose, thyroglobulin (Tg) measurement has
become a very important clinical tool. Tg determination
is considered the most sensitive and specific marker of
DTC [2, 3, 4]. If laboratory monitoring shows increasing
Tg levels or other conventional imaging modalities are
suspicious for tumour recurrence, iodine-131 (131I) stud-
ies under TSH stimulation (either after withdrawal of L-
thyroxine therapy or after recombinant human TSH stim-
ulation) are required. In the event of pathological uptake,
patients may undergo administration of high-dose radio-
iodine therapy. Importantly, detectable serum Tg levels
not infrequently occur in association with negative 131I
whole-body scans in patients with DTC. If malignant le-
sions are no longer taking up radioiodine, many other
techniques are used for precise localisation of malignant
foci, since the treatment regimen of thyroid carcinoma
patients especially depends on the size and extent of tu-
mour when detected [5]. For localisation diagnostics at
an early stage, especially if radioiodine scanning is nega-
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tive, fluorine-18 fluorodeoxyglucose positron emission
tomography (18F-FDG PET) has already proven of value
[6, 7, 8], even when other diagnostic procedures [ultra-
sound, computed tomography (CT), magnetic resonance
imaging (MRI)] are normal. Therefore, 18F-FDG PET,
which characterises hypermetabolic tumour tissue, has
gained widespread acceptance as a very sensitive method
in the follow-up of thyroid cancer patients, although it
remains an expensive procedure which is not easily
available and needs adequate preparation of patients, i.e.
a fasting period of at least 6 h before PET scanning. Be-
sides 18F-FDG, other unspecific oncotropic radiopharma-
ceuticals, e.g. 99mTc-sestamibi or 99mTc-tetrofosmin, are
used for the diagnosis of recurrent and metastatic disease
[9, 10, 11]. The uptake mechanism of these lipophilic
cationic agents is different from that of 18F-FDG, in that
accumulation occurs within the mitochondria. These
99mTc-labelled tracers are advantageous in terms of avail-
ability and performance, i.e. results are independent of
the blood glucose level, preparation is simple and the ra-
diation dose is lower. However, sensitivity and specifici-
ty are moderate compared with other imaging techniques
used for the follow-up of thyroid cancer [12, 13].

Another approach for localisation diagnostics is based
on specific binding of radiopharmaceuticals on somato-
statin receptor (SSTR)-expressing tumour lesions. SSTR
scintigraphy has become a reliable, non-invasive and
highly sensitive procedure for detection of a variety of
endocrine and non-endocrine tumours [14, 15, 16, 17,
18].

Several studies have also reported on the expression
of somatostatin receptors in DTC [19, 20, 21, 22, 23, 24,
25, 26, 27] using 111In-DTPA-octreotide (Octreoscan) as
the gold standard in SSTR scintigraphy. However, some
results of these studies were not clearly convincing, so
there is still no consensus concerning the clinical value
of this technique. Taking into consideration that small
and heterogeneous patient groups were investigated, i.e.
several tumour types and grades showing different io-
dine avidity were included, the differences might have
been largely related to variable and sometimes decreased
density of somatostatin receptors in these tumours [28].
For our study a new 99mTc-labelled compound, 99mTc-
EDDA/HYNIC-TOC (99mTc-TOC), with high SSTR-af-
finity, was used [29, 30]. The favourable imaging prop-
erties of 99mTc-TOC as compared with 111In-DTPA-oct-
reotide [31] makes this radiopharmaceutical a good can-
didate for visualisation of SSTR-expressing tumours, es-
pecially those with variable and lower receptor expres-
sion. 99mTc-TOC combines advantages of improved
pharmacokinetics with higher spatial resolution due to
the use of the 99mTc label. The purpose of this study was
to evaluate the efficacy of the new 99mTc-labelled com-
pound for detection of SSTR-positive lesions in a larger
series of patients with recurrent or metastatic disease as
shown by elevated Tg levels. All patients were negative
in the post-therapy whole-body radioiodine scans. In a

subset of patients we prospectively compared the SSTR
profile with the metabolic pattern using 18F-FDG PET in
order to obtain a more complete biochemical understand-
ing of the disease.

Materials and methods

Patient eligibility criteria. Fifty-four patients (24 men, 30 women;
age range 22–90 years; mean age ± SD, 63.9±15.9 years) with his-
tologically confirmed DTC were included for localisation diagnos-
tics. The patients had undergone near-total thyroidectomy and ra-
dioactive ablation of the remnants and presented with either recur-
rent or persistent disease as indicated by elevated Tg levels. All
patients showed negative results of 131I post-therapy whole-body
scans performed within 3 months prior to scintigraphy with 99mTc-
TOC. The study population was subdivided into two groups:
Group A (n=22) comprised patients with disease recurrence as
shown by elevated Tg levels in serum for a minimum of two ob-
servations but without detectable pathology. Group B (n=32) con-
sisted of patients with pre-existing lesions. Out of the 54 patients,
32 suffered from follicular, 16 from papillary and 6 from Hürthle
cell carcinoma. The TNM classification according to Union Inter-
nationale Contre Cancer (UICC) [32], edition 1997, was used to
classify the primary tumour. Initial pathologic tumour stages were
as follows: T2 in 11 patients, T3 in 22 patients and T4 in 21 pa-
tients. The lymph node status was as follows: 21 patients were
node negative (N0), 12 patients were node positive (N1a=3, and
N1b=9), and 21 patients had no information concerning lymph
node metastasis (Nx). Among the 54 patients, 13 initially had dis-
tant metastases (M1). The clinical staging represented the highest
stage achieved during the patient’s course and was determined ac-
cording to the American Joint Committee on Cancer (AJCC) clas-
sification [33]; stage I was present in 5 patients, stage II in 3 pa-
tients, stage III in 4 patients to stage IV in 42 patients. Patient
characteristics are given in Tables 1 and 2. The study was ap-
proved by the local ethical committee and was performed in accor-
dance with the Declaration of Helsinki. All patients gave their
written informed consent to participation.

Pretreatment evaluation and post-therapy scanning. Because of
increasing serum Tg levels during TSH suppression, patients were
referred to our department for administration of high-dose radioio-
dine therapy under TSH stimulation (in 41 patients 4 weeks after
L-thyroxine withdrawal and in 13 patients after recombinant hu-
man TSH stimulation). X-ray of the chest and ultrasound of the
neck were regularly performed in all patients, and CT of the chest
(without contrast medium) was obtained in 24 patients. It was the
second therapy for 15 patients, the third for 9, the fourth for 7, the
fifth for 7, the sixth for 10, the seventh for 3 and the eighth for 3.
Whole-body scans were carried out with a double-headed camera
(Elscint HELIX, Haifa, Israel) 4–6 days after the therapeutic dose
using a high-energy collimator. Whole-body scan results were
negative.

Radiopharmaceutical. 99mTc-EDDA/HYNIC-TOC was prepared
as recently described [29]. Briefly, 20 µg HYNIC-TOC was heated
with 10 mg EDDA, 20 mg tricine, 15 µg stannous chloride dihy-
drate and 1 GBq 99mTc-pertechnetate in 2 ml 0.05 M phosphate
buffer pH 6 at 100°C for 10 min. The solution was purified using
a SepPak mini cartridge (Waters, Milford, Mass., USA) eluted
with 80% ethanol and diluted with 5 ml saline. The purified radio-
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labelled peptide was sterilised by filtration and 350–400 MBq of
the resulting solution was used for each patient study. Radiochem-
ical purity was greater than 95% using analytical techniques based
on high-performance liquid chromatography and thin-layer chro-
matography as described elsewhere [34].

99mTc-TOC imaging. Whole-body imaging was performed with a
double-headed camera (Elscint HELIX, Haifa, Israel). For the
99mTc whole-body studies, the camera was equipped with a low-
energy all-purpose parallel-hole collimator, window setting
140 keV, width 10%. For tomographic acquisition, the same dou-
ble-headed gamma camera was used. Acquisition parameters
were: 60 projections, 25 s/projection, matrix 64×64, zoom 1.
99mTc-TOC studies were performed 4 h p.i. and additional 2-h p.i.
images were acquired if the clinical interest was related to the ab-
domen in order to avoid pitfalls due to unspecific bowel activity.
Abdominal single-photon emission tomography (SPET) was per-
formed in 22 patients 4 h p.i. SPET of the neck and chest was ob-
tained in all patients and SPET of the head was obtained in 12 pa-
tients. Since many SPET acquisitions were carried out, primarily
for reasons of patient convenience, given the length of the proce-
dure, complementary scintigraphic planar images were only ac-
quired in a small group of patients (n=14). For SPET analysis raw
data were transferred to a HERMES system (Nuclear Diagnostics,
London, UK) and filtered (Wiener filter) before reconstruction.

Bone scintigraphy. The same doubled-headed gamma camera as
mentioned before was used for planar bone scintigraphy. Data ac-
quisition was started 2–3 h after intravenous injection of 740 MBq
99mTc-DPD (Teceos, Schering). At least 1.5 million counts were
required for each head.

18F-FDG PET. Thirty-six patients received 370 MBq (10 mCi)
18F-FDG (FDG-TUM, Munich) after a fasting period of 6–12 h
while still under thyroxine therapy. Between 50 and 60 min after
intravenous injection of the tracer, transaxial imaging was per-
formed using an Advance PET scanner (General Electric Medical
System, Milwaukee, WI) with an axial field of view of 15.2 cm.
The emission scan was acquired from the head to the upper legs
with five to six bed positions, at 6 min per bed position. A trans-
mission scan was acquired with a 68Ge/68Ga rod source for attenu-
ation correction of the PET emission data, at 4 min per bed posi-
tion. Iterative image reconstruction was performed with an or-
dered subset-expectation maximisation (OSEM) algorithm (2 iter-
ations, 28 subsets). A visually abnormal focus of 18F-FDG uptake
was rated as a positive finding when the focal uptake clearly ex-
ceeded the activity profile of the surrounding tissue without con-
nection to organs showing physiologically increased uptake and
no similar activity was seen in the contralateral side of the body.

CT and MRI. Abdominal, chest and head CT scanning (Hi speed
Advantage CT scanner; GE Medical System, Milwaukee, WI) was
performed with 5-mm contiguous sections using a 512×512 matrix,
before and after rapid i.v. infusion of contrast medium. All MR ex-
aminations were performed on a 1.5-T whole-body scanner (Mag-
neton Vision; Siemens Medical Systems, Erlangen, Germany) by
using a phased-array surface coil. T1- and T2-weighted spin-echo
images were obtained with and without fat suppression. Lesions
within parenchymatous organs were rated as organ metastases if
they were not clearly identified as benign lesions according to stan-
dard criteria (attenuation or signal intensity and enhancement pat-
tern after administration of contrast medium). Lymph nodes were
staged morphologically according to the standard criterion of nodal

diameter, i.e. lymph nodes with a diameter of more than 1 cm in
the longest axis were rated as lymph node metastases. CT and/ or
MRI were performed on a routine basis in all patients.

Sonography. High-resolution neck ultrasound was also performed
on a routine basis using a real-time, high-frequency (7.5- to 10-
MHz), small-part probe transducer. Ultrasound scanning covered
the entire neck region to visualise the submandibular glands, the
thyroid bed, the supra- and infraclavicular area, the superior medi-
astinum as far as possible and areas lateral to the carotid artery
and jugular vein.

Thyroglobulin measurement. Blood samples for measuring serum
Tg and anti-Tg antibody were taken prior to scintigraphy during
suppression therapy. The Tg levels were determined in duplicate
by a sensitive, commercially available radio-immunoassay
(Brahms Dynotest Tg-S, Brahms Diagnostics, Berlin, Germany).
A reference recovery value for exclusion of unspecific interactions
in the serum (e.g. antibodies) was determined using the zero stan-
dard and was classified as abnormal if values >1 ng/ml were found
during TSH suppression.

Image and data analysis. Somatostatin receptor images were inter-
preted by two nuclear medicine physicians (M.G., R.M.) blinded
to the results of conventional or PET examinations. Any focal
tracer accumulation exceeding normal regional tracer uptake was
rated as a pathological finding (tumour uptake). Linear, non-focal
limited intestinal uptake was rated as non-specific, non-pathologi-
cal uptake. In relevant areas, SPET images were available to the
viewer. All data were analysed on a HERMES system (Nuclear
Diagnostics, London, UK). In both groups, readers of the scans
were blinded to the underlying pathology and to the results of the
standard staging procedures, including PET data. All images were
visually evaluated and abnormal scintigraphic findings were clas-
sified according to the sites typical for recurrences or metastases
(local recurrence, lymph node of the neck, mediastinum, lungs,
bone structures) and other sites. The reference standard against
which the results of the 99mTc-TOC procedure were measured was
based on the results of all of the imaging procedures, with inclu-
sion of serial follow-up morphological imaging and histopatholo-
gy of surgical specimens or biopsy in 28 patients. All patients un-
derwent ultrasound of the neck and imaging with either CT (n=37)
or MRI (n=14), or both (n=9). Bone scanning was performed in 
19 patients.

18F-FDG PET was additionally performed in 18 patients of
group A and 18 patients of group B. The time interval between
99mTc-TOC scintigraphy and 18F-FDG PET did not exceed 
4 weeks and both techniques were prospectively compared. The
viewers of the studies were blinded to findings of other methods.
Corresponding studies were compared for the final analysis lesion
by lesion.

Statistical analysis. 99mTc-TOC images were classified as true pos-
itive, true negative, false positive or false negative by considering
the gold standard (histopathology or other imaging techniques), as
described above. The sensitivity, specificity and accuracy were
calculated using the standard method. The sensitivity was calculat-
ed for the recognition of any lesion in the tissue belonging to five
categories including local recurrence, lymph node of the neck, me-
diastinum, lungs and bone structures in each patient. The χ2 test
for independence, or the Fisher exact test when appropriate, was
used to evaluate differences in lesion detectability with 99mTc-
TOC when subgroups of the patients being investigated were sta-
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tistically compared. All P values below 0.05 were considered to
indicate statistical significance. The McNemar test of correlated
properties was used to assess the statistical significance of the dif-
ference between the scintigraphic results of 99mTc-TOC and 18F-
FDG PET. Analysis was performed both on a lesion and on a pa-
tient basis. Two-sided P values less than 0.05 were considered sig-
nificant. Cohen’s kappa with confidence intervals of 95% was cal-
culated to show the degree of association between the two tech-
niques. Statistical analysis was carried out with SPSS software.

Results

Tables 1 and 2 contain a detailed summary of clinical in-
formation for each patient. Among the 54 cases, SSTR
scintigraphy was true positive (TP) in 33 (61.1%), true
negative (TN) in 4 (7.4%) and false negative (FN) in 17
(31.5%) cases. No false positive (FP) scan result was ob-
served. In group A (n=22), which comprised patients
without detectable pathology, the scan result was TP in
eight, TN in four and FN in ten cases. In group B, which
consisted of patients with known lesions (n=32), the scan
result was TP in 25 patients and FN in seven patients. In
three patients of this group, previously unknown lesions
(two bone metastases and one pulmonary metastasis)
were additionally detected with 99mTc-TOC, and later
confirmed by other imaging modalities. No statistically
significant difference was observed in terms of positive
findings with 99mTc-TOC (P=0.12) when the two groups
were compared. Twenty patients with follicular thyroid
cancer were positive with 99mTc-TOC, as were 8 of 15
patients with papillary and five of six with Hürthle cell
carcinoma. Overall, the sensitivity of 99mTc-TOC for
identification of thyroid cancer was 66% on a patient ba-
sis, with a specificity of 100% and an accuracy of
68.5%. For higher stages (n=46), i.e. stages III and IV,
sensitivity (70.4%) was higher than for stages I and II
(n=8), in which there were only two positive scan re-
sults. Site-related findings are listed in Table 3. When
99mTc-TOC was correlated with other imaging modalities
or histopathology for analysis on a lesion basis, 138 tu-
mor foci were localised in 33 patients, affecting the fol-
lowing five tissues: local recurrence (n=5 patients),
lymph node metastases in the neck (n=5), mediastinum
(n=10), pulmonary metastases (n=19) and bone (n=16).
In addition to a pulmonary metastasis and local tumour
recurrence as assessed by biopsy, 99mTc-TOC identified a
solitary brain metastasis in patient 9 of group B. In 17

patients, 46 lesions were not detected; an example was
patient 21 of group B, with multiple bone and also two
liver metastases of a follicular thyroid carcinoma. Only a
large osteolytic metastasis in the sternum was visible.
Malignancy was assessed in 28 cases by histopathology
and in 38 cases by different imaging modalities: (repeat-
ed) CT (n=33), MRI (n=13), ultrasound (n=10) and bone
scintigraphy (n=17). Tumour foci were confirmed by
histopathology and the sum of imaging procedures in 16
cases.

99mTc-TOC and thyroglobulin

Patients were categorised into two groups in order to
evaluate the influence of the current Tg level on detect-
ability with 99mTc-TOC: those with initial serum Tg lev-
els of <30 ng/ml (n=14) and those with initial serum Tg
levels of >30 ng/ml (n=40). None of the group with Tg
levels below 30 ng/ml had anti-Tg antibodies above the
normal range, whereas anti-Tg antibodies were elevated
in nine patients of the second group. In the group with
elevated Tg levels (n=40), the scan result was true posi-
tive in 30 cases and false negative in seven. In the 14 pa-
tients with Tg levels lower than 30 ng/ml, scanning was
negative in 11 patients, including four true negative and
seven false negative results. Three cases were true posi-
tive. The fraction of true positive 99mTc-TOC findings
was positively correlated with elevated Tg levels, i.e.
levels higher than 30 ng/ml, showing a significant differ-
ence (P<0.01).

The lowest Tg level with unequivocal positive 99mTc-
TOC findings was 10.4 ng/ml (patient 14 of group A, in
whom local tumour growth was revealed), and the high-
est Tg level with false negative 99mTc-TOC scintigraphy
was 401.1 ng/ml (patient 1 of group A). This patient pre-
sented with multiple pulmonary metastases, all of which
were smaller than 1 cm.

99mTc-TOC and 18F-FDG

True positive results were obtained in 20 patients out of
36 with 99mTc-TOC (55.5%) and in 28 patients with 18F-
FDG (77.7%). In 16 cases (44.4%), scintigraphy was
negative with 99mTc-TOC, while 18F-FDG PET was neg-
ative in six cases (16.6%). Of the 16 negative scinti-

Table 3. Scintigraphic findings: analysis per lesion

Local Neck Mediastinum Lung Bone Other Overall
recurrence (lymph node)

99mTc-TOC + 5 5 27 71 29 1 138
99mTc-TOC − 2 2 5 25 10 2 46
No. of lesions 7 7 32 96 39 3 184
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graphic studies using 99mTc-TOC in four patients (11.1%;
patients 16, 17, 20 and 22 of group A), further clinical
examinations did not reveal any pathological findings
and serum Tg levels also remained stable over a follow-
up period of at least 1 year, so these cases were consid-
ered true negative. Two of them showed suspicious up-
take using 18F-FDG PET, leading to false positive re-
sults. In patient 16, focal tracer accumulation was found
in the right neck due to an inflammatory reaction. Asym-
metrical uptake was detected in the thyroid bed in patient
20, mimicking recurrent local disease, but further cytodi-

agnosis confirmed granulomatous tissue. False negative
scan results were obtained in 12 cases (33.3%) with
99mTc-TOC and in four cases (11.1%) with 18F-FDG
PET. Overall, 99mTc-TOC yielded a per-patient sensitivi-
ty of 62.5%, a specificity of 100% and an accuracy
66.7%, whereas 18F-FDG showed a sensitivity of 87.5%,
a specificity of 50% and an accuracy of 83.3% (Table 4).
An analysis per patient comparing the scan results of
99mTc-TOC and 18F-FDG showed statistically significant
better results for PET (P<0.004) using the McNemar
test. This correlation was based on 36 observations.

In addition, a site-specific evaluation was performed.
Tissue-related abnormal uptake is reported in Fig. 1. Out
of 105 malignant foci, 18F-FDG PET revealed 77 tumour
sites (73.3%) and 99mTc-TOC, 63 (60%). There were no
false positive findings with 99mTc-TOC, whereas 18F-
FDG showed two false positive findings, as mentioned
above. Analysis on a lesion basis also emphasised the im-
proved diagnostic efficacy of 18F-FDG PET, with a P val-
ue of <0.001. Cohen’s kappa of 0.62 (0.47–0.78), howev-
er, revealed substantial agreement between the imaging
techniques. The difference in detection rate was most
pronounced for lung lesions: 32 of 55 lesions (58.1%)
were positive with 99mTc-TOC, whereas 42 lesions were
correctly identified with 18F-FDG (76.3%) (Fig. 2).

Clinical impact of 99mTc-TOC

Especially in group B, a high proportion of patients
showed extended tumour disease that limited the thera-
peutic options. Therefore, further therapeutic strategies
were not significantly influenced by 99mTc-TOC find-
ings in many cases. However, scintigraphic findings af-
fected the further treatment decision in ten patients.
Three patients were referred to external beam radiation
therapy because their lesions were not amenable to 
surgical excision; such was the case in patient 15 of

Table 4. 99mTc-TOC and 18F-FDG results

Parameter 99mTc-TOC 18F-FDG

Sensitivity 62.5% (20/32) 87.5% (28/32)
Specificity 100% (4/4) 50% (2/4)
Accuracy 66.7% (24/36) 83.3% (30/36)

Number of patients is shown within parentheses

Fig 1. Number of abnormal findings revealed by 99mTc-TOC and
18F-FDG PET in 36 patients and comparison with other imaging
modalities and histology, i.e. the gold standard

Fig 2a, b. A 77-year-old pa-
tient with follicular thyroid
cancer. A solitary pulmonary
metastasis, which was smaller
than 1 cm, was identified with
18F-FDG FDG (a), while
99mTc-TOC was negative (b)
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group A (Fig. 3). A bone metastasis in the thoracic
spine was identified with 99mTc-TOC, and also con-
firmed by 18F-FDG. Another bone metastasis, located in
the right humerus, was irradiated in patient 12 of group
B. This lesion was initially described with 99mTc-TOC,
whereas the other pulmonary metastases were already
known before the scan. In patient 26 of group B, the in-
tention was to remove surgically a large lesion in the
lateral orbital wall. Close to this known lesion, the
SPET acquisition additionally showed a smaller bone
metastasis in the skull (Fig. 4), so this patient was

spared from further surgical intervention and external
radiotherapy was performed.

Patient 11 (Fig. 5) and patient 12 of group A showed
tracer uptake in a cervical lymph node metastasis. Both
patients were successfully treated by lymph node dissec-
tion, which resulted in a decrease in Tg levels without
detectable pathology in the further follow-up. Only pa-
tient 21 of group A showed another increase in Tg 6
months after resection of malignant involved lymph
nodes and recurrent local disease, which were initially
visualised with 99mTc-TOC.

Fig 3a–c. A 72-year-old patient
with follicular thyroid cancer.
A matching scan result be-
tween 99mTc-TOC (a) and 18F-
FDG (b) was obtained for a
small bone lesion in the thorac-
ic spine, which was not depict-
ed on the post-therapy 131I
whole-body scan (c)

Fig 4a–d. A 52-year-old pa-
tient with follicular thyroid
cancer presented with an osse-
ous metastasis in the lateral or-
bital wall on the right side. This
lesion was clearly delineated
with SPET in the coronal (a),
transverse (b) and sagittal (c)
sections, and confirmed with
CT (d). However, a smaller
bone lesion (arrow) was addi-
tionally detected close to the
large metastasis in the skull on
the SPET acquisition (b),
which affected further treat-
ment planning. This patient
was subsequently treated by
external beam radiation, and
spared surgery
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Five patients (nos. 1, 5, 10, 13 and 25 of group B)
were referred to receptor-mediated radionuclide therapy
using 90Y-DOTA-TOC. Intense uptake behaviour of the
99mTc-labelled radiopharmaceutical was found in several
tumour lesions. All patients had extended disease with
more than one affected tissue site. Each of them respond-
ed under this therapy regimen, and stable disease was
achieved for at least 5 months in all patients. Each pa-
tient was well informed about this new treatment option
and each of them received three or four cycles with
1,850 MBq per interval cycle. The therapy was well tol-
erated. In the event of tumour progression under therapy,
treatment with 90Y-DOTA-TOC was terminated.

Discussion

Several studies have reported on the high level of SSTR
expression on various tumour cells, which provides the
molecular basis for successful somatostatin receptor im-
aging. Despite the lack of SSTR subtype 2 in certain thy-
roid tumours, relatively high tumour uptake of 111In-
DTPA-octreotide has been observed [28]. However, the
sensitivity of 111In-DTPA-octreotide varies markedly
among studies, which might be especially related to the
variable and sometimes low expression of the receptors
in DTC. Our study was performed to investigate the clin-
ical potential of 99mTc-TOC for tumour localisation in a
larger series of patients. The study was initiated because
of the more favourable imaging characteristics and the
higher sensitivity of this new compound as assessed by
higher tumour to organ ratios, which might be based on
better pharmacokinetics and the higher spatial resolution
of the 99mTc label [31]. The results of the present study

reflect the favourable imaging abilities of the new tracer
in patients with DTC, with an overall sensitivity of 66%
for detection of tumour foci in the presence of elevated
Tg levels and negative radioiodine scintigraphy. The re-
sults indicate that although lesions had lost their ability
to take up radioiodine, a high percentage still showed ex-
pression of SSTR. Comparing the results with those of
other studies using 111In-DTPA-octreotide in patients
with DTC, the overall sensitivity of the present study is
generally comparable or even higher [19, 20, 23, 25, 26,
27]. A limiting issue in all these studies has been the
small number of patients included.

Many lesions in different body regions showed posi-
tive tracer uptake, i.e. 138 of 184 lesions were detected
in 33 patients, with higher probability for a positive scan
result in patients with higher Tg levels exceeding
30 ng/ml, which might be mainly attributed to the tu-
mour load. However, the spatial resolution of the 99mTc-
labelled compound is insufficient to detect smaller le-
sions, e.g. in the presence of widespread pulmonary me-
tastases. In our series of patients, 25 of 96 lung lesions
escaped detection, and in these cases the lesion diameter
was usually less than 1 cm. Although tumour load and
Tg levels were sometimes high in these cases, the scan
result was inconclusive, as exemplified in Fig. 6. The pa-
tient with the highest Tg level with false negative 99mTc-
TOC scintigraphy (patient 1 of group A) also presented
with multiple pulmonary metastases, all of which were
smaller than 1 cm.

When comparing 99mTc-TOC and 18F-FDG, a pro-
nounced difference was also found concerning the rate of
detection of pulmonary metastases, which was 58.1%
and 76.3% respectively. One explanation might be the
higher spatial resolution of PET. However, a biological

Fig. 5a–c. SSTR imaging
shows a small cervical lymph
node metastasis (a) in a patient
with papillary thyroid cancer.
This lesion was also intensely
delineated by 18F-FDG PET
(b), but missed by post-therapy
131I whole-body scan (c). This
53-year-old patient was suc-
cessfully treated by lymph
node dissection
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phenomenon cannot be excluded, which could imply that
some hypermetabolic lesions do not express SSTR. In
paragangliomas and carcinoid tumours, Le Rest et al.
showed that the different mechanism of uptake resulted
in variation in tumour affinity for 111In-DTPA-octreotide
compared with 18F-FDG, i.e. Octreoscan identified some
lesions which were negative with 18F-FDG PET and vice
versa [35].

In the 36 patients of the present study who underwent
18F-FDG PET, the diagnostic efficacy was statistically
significantly higher for 18F-FDG PET than for 99mTc-
TOC, although two false positive findings on 18F-FDG
PET were negative on 99mTc-TOC. However, there was
substantial overlap in the lesions detected by each mo-
dality, which implies high agreement between the meta-
bolic pattern and the SSTR status in non-iodine-avid le-
sions. From the clinical point of view, both techniques
can easily be performed without withdrawal of L-thyrox-
ine, as long as some precautions are taken in the case of
PET, e.g. a 6-h fasting period before scanning. Although
there is no evidence that serum TSH levels influence the
rate of somatostatin receptor expression, higher glucose
consumption in tumour foci can be observed under TSH
stimulation, which could improve the accuracy of 18F-
FDG PET [36]. In accordance with the prospective de-
sign of the present study, all investigations were per-
formed under TSH suppression.

High 18F-FDG uptake suggests more aggressive tu-
mour cell growth in those types of lesion which have lost
the sodium-iodine symporter activity. In such cases, it is
highly doubtful whether high-dose radioiodine therapy
will have an impact on the tumour growth [37]. If such
lesions are not accessible to surgical treatment, e.g. lo-
calised disease, only a few non-invasive treatment op-
tions are available, with a low impact on the individual
prognosis. Recently, it was reported that the metabolic
activity as assessed by 18F-FDG PET decreased in tu-
mour lesions after the use of a long-acting octreotide an-
alogue in patients with metastatic thyroid cancer that ex-

hibited somatostatin receptors [38]. This new approach,
with the aim of inhibiting the proliferation of neoplastic
tissue, seems very promising considering the benefit of
somatostatin analogues in patients suffering from other
SSTR-expressing malignancies, e.g. neuro-endocrine tu-
mours of the gastroenteropancreatic system [39]. Long-
acting somatostatin analogues can also be used in multi-
morbid patients, e.g. elderly patients with reduced kid-
ney function.

High expression of somatostatin receptors in thyroid
carcinoma lesions also offers another treatment option
using radionuclide targeted therapy, e.g. 90Y-DOTA-TOC
[40]. We have followed this rationale in five patients
with advanced tumour stage who had a very high tumour
load. These patients showed intense tumour uptake of
99mTc-TOC. Prior to the use of either 90Y-labelled or un-
labelled long-acting derivatives, the assessment of SSTR
status in tumour lesions seems mandatory. In different
clinical settings, somatostatin receptor imaging with
99mTc-TOC easily allows non-invasive selection of the
subset of patients who would benefit from such thera-
pies.

In the case of DTC, 99mTc-sestamibi is currently a
preferred radiopharmaceutical. 99mTc-sestamibi, howev-
er, exhibits only a moderate detection rate with respect to
lymph node metastases [41]. By contrast, we found that
99mTc-TOC provided high spatial resolution in the neck,
given that five of seven sites in the neck corresponding
to lymph node metastases and also five of seven cases of
local tumour recurrences were correctly identified. Be-
side accurate anatomical localisation to permit adequate
treatment planning, 99mTc-TOC could help in the devel-
opment of new surgical techniques, e.g. probes for mini-
mally invasive radio-guided surgery, avoiding extensive
surgery in the neck. A similar approach has been taken
with 99mTc-sestamibi in a small series of patients with re-
current thyroid cancer [42], but there is as yet no evi-
dence whether this technique is accurate enough to de-
tect malignant involved cervical lymph nodes. Since the

Fig. 6a, b. This 77-year-old 
patient with a serum Tg of
116 ng/ml suffered from multi-
ple pulmonary metastasis of a
follicular thyroid carcinoma, as
shown in the chest X-ray (a).
Positive 99mTc-TOC uptake was
only found in the two largest
lesions in the right lung (b)



mechanism of uptake of the lipophilic cationic agent is
different from that of 99mTc-TOC, further investigations
are needed to evaluate which of the two 99mTc-labelled
compounds is better in terms of localisation diagnostics
and treatment stratification in patients with recurrent or
metastatic disease.

In conclusion, somatostatin receptor imaging using
99mTc-TOC is a promising and easy-to-perform tech-
nique for accurate anatomical localisation of malignant
foci in thyroid cancer patients with elevated Tg levels
and negative 131I scans. Although 18F-FDG showed a
higher sensitivity in our series of patients, with the ad-
vent of new therapeutic approaches, e.g. minimally inva-
sive radio-guided surgery or application of SST ana-
logues, this new technique might be an effective tool to
improve treatment strategies in DTC.
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