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Abstract

Objective The aim of our study was to determine the role

of fluorine-18 fluorodeoxyglucose positron emission

tomography/computed tomography (18F-FDG-PET/CT)

and indium-111 Octreotide single photon emission

tomography (111In-Octreotide SPECT) in the evaluation of

metastatic medullary thyroid carcinoma (MMTC).

Methods Twenty-five MMTC patients were retrospec-

tively evaluated. All patients had undergone whole-body
18F-FDG-PET/CT including 20 who had also undergone
111In-Octreotide SPECT within a maximum interval of

6 weeks. Diagnostic contrast-enhanced computed tomog-

raphy (CT) alone or as part of 18F-FDG-PET/CT exami-

nation was performed in all patients.

Results Contrast-enhanced CT detected a total of 131

lesions including 79 enlarged lymph nodes and 14 bone

lesions. 18F-FDG-PET/CT visualized a total of 92 true

positive lesions (SUVmax range 1.1–10.0, mean 4.0 ± 1.7)

including 66 lymph nodes, 7 of which were not enlarged on

CT, and 8 bone metastases. In the 20 patients studied with

both techniques, a total of 64 and 46 true positive lesions

were detected by 18F-FDG-PET/CT and 111In-Octreotide

SPECT, respectively. In particular, 18F-FDG uptake was

found in 43 lymph nodes and in 7 bone metastases whereas
111In-Octreotide uptake was detected in 27 lymph nodes

and in 10 bone metastases.

Conclusions In MMTC patients, 18F-FDG-PET/CT pro-

vides a useful contribution mainly in evaluating lymph

node involvement whereas 111In-Octreotide SPECT can

contribute to the detection and somatostatin receptor

characterization especially of bone lesions.
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Introduction

Medullary thyroid carcinoma (MTC) is a rare cancer aris-

ing from neural crest derived parafollicular C cells of the

thyroid gland. It accounts for less than 5 % of all thyroid

cancers and occurs in both a sporadic (80 %) and a familial

form (20 %) [1, 2]. MTCs may have a variable biological

behavior from indolent slow-growing tumors to highly

aggressive types [2]. Almost all MTCs synthesize and

secrete the polypeptide hormone calcitonin that serves as a

biomarker of tumor burden. Detectable or increasing levels

of calcitonin during the follow-up of MTC patients who

had undergone curative total thyroidectomy and extensive

lymph node dissection, indicate persistent, recurrent or

metastatic disease [3, 4].

Distant metastases are the main cause of death in MTC

patients. Survival after the discovery of distant metastases

is around 25 % at 5 years and 10 % at 10 years [5]. Distant

metastases are observed at presentation in 7–23 % of
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patients or after initial treatment in one to two-thirds of

patients with persistently elevated calcitonin levels at dif-

ferent time intervals depending on progression rate of the

disease [5, 6]. They are often multiple in the involved

organs and simultaneously affect multiple organs including

lungs, liver and bones.

Accurate localization of distant metastases is of primary

importance for the management of patients with metastatic

MTC and several imaging modalities are employed to assess

the full extent of disease and to guide therapeutic interven-

tion [7, 8]. On the basis of imaging findings patients are

considered candidates for systemic treatment preceded or

not by additional local interventions, and tumor response of

all relevant sites of disease can be monitored by imaging.

The work-up of patients with metastatic MTC may include

neck ultrasound, neck and chest CT, liver triphase contrast-

enhanced CT or contrast-enhanced magnetic resonance

imaging (MRI), bone scintigraphy and MRI of spine and

pelvis [5, 6]. Recently functional imaging with 18F-FDG-

PET and PET/CT has been used for the detection of recur-

rent or metastatic sites of MTC [9]. According to a meta-

analysis of 15 studies, the pooled sensitivities of 18F-FDG-

PET and PET/CT were 68 and 69 %, respectively [10].

Detection rate of 18F-FDG-PET and PET/CT was reported to

increase with serum calcitonin levels C1000 pg/mL [11–

13]. Despite the sub-optimal sensitivity, 18F-FDG-PET or

PET/CT is performed in patients with biochemical evidence

of disease when cross-sectional morphological imaging fails

to detect sites of disease or in patients with known metastatic

MTC to evaluate disease extension [14]. Furthermore, the

recent development of targeted therapy for locally advanced

or metastatic MTC including tyrosine kinase inhibitors such

as vandetanib [15], cabozantinib [16], sorafenib [17] and

sunitinib [18] has provided an additional rationale for the

use of 18F-FDG-PET or PET/CT in MTC patients. A high

standardized uptake value (SUVmax) on 18F-FDG-PET

images may indicate a more aggressive disease requiring

treatment with these drugs. Furthermore metabolic tumor

response has been reported to precede the morphostructural

changes after treatment with targeted agents in a number of

malignancies including medullary thyroid carcinoma [19,

20].

The expression of somatostatin receptors on most MTCs

[21–23] has provided the molecular basis for the use of

radiolabeled somatostatin analogs such as 111In-Octreotide

that binds with high affinity to somatostatin subtype

receptor 2 (SST2). Previous studies tested the role of

imaging with 111In-Octreotide in the diagnosis of residual,

recurrent and metastatic foci of MTC, reporting a wide

range of sensitivity between 37 and 90 % [24–28]. Many

factors may account for such variability in the detection

rate including lesion size and location, SST2 receptor

incidence and density and the use of planar or tomographic

imaging. The aim of the present study was to evaluate the

role of multimodal imaging with 18F-FDG-PET/CT in the

assessment of number, anatomic sites and metabolic

activity of metastatic lesions and to test whether the

combination with 111In-Octreotide SPECT provides useful

additional information in patients with MMTC.

Patients and methods

We reviewed retrospectively the medical records of 25

consecutive patients (12 women, 13 men; mean age ± SD,

60 ± 16 years; range 24–85) with MMTC. The work-up of

these patients at our institution usually includes both 18F-

FDG-PET/CT and 111In-Octreotide SPECT in addition to

CT and conventional imaging. All patients had undergone

whole-body 18F-FDG-PET/CT including 20 who had also

undergone 111In-Octreotide SPECT within a maximum

interval of 6 weeks (mean ± SD 1.9 ± 1.2, range

1–6 weeks). Due to extensive disease, five patients were

subjected to systemic treatment after 18F-FDG-PET/CT

scan and did not undergo combined imaging with 111In-

Octreotide SPECT. All patients underwent contrast-en-

hanced CT alone or as part of 18F-FDG-PET/CT exami-

nation. Written informed consent was obtained from all

patients in this study.

Initial diagnosis was obtained by histopathological

examination of tumor samples obtained by total thy-

roidectomy in 23 patients and by core biopsy in 2 patients.

None of the patients had received therapy in the 6 months

before the imaging studies. Levels of calcitonin at the time

of the imaging examinations were also recorded and

SUVmax values of the most FDG-avid lesion in patients

with calcitonin levels higher or lower than 1000 pg/mL

were compared by using unpaired Student’s t test. p\ 0.05

was considered statistically significant.

18F-FDG-PET/CT study

18F-FDG-PET/CT scans were acquired after fasting for 8 h

and 60 min after i.v. injection of 18F-FDG (370 MBq). The

blood glucose level, measured just before tracer adminis-

tration, was\120 mg/dL in all patients. 18F-FDG-PET/CT

images were obtained using a combined PET/CT Discov-

ery LS scanner (GE Healthcare, Milan, Italy) as previously

described [29].

All areas of focal 18F-FDG uptake visible on 2 con-

tiguous PET slices at least and not corresponding to

physiological tracer uptake were considered to be positive

[30]. Maximum standardized uptake values (SUVmax) of all

focal lesions were recorded.
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111In-Octreotide SPECT

111In-Octreotide was prepared using the commercially

available kit OctreoScan (Covidien Italia S.p.A., Segrate,

Milan, Italy) following the manufacturer’s instructions.

Images were obtained at 4 and 24 h after injection of 111In-

Octreotide (200 MBq) using a dual-head large-FOV

gamma camera (ECAM, Siemens) equipped with medium-

energy parallel-hole collimators and 20 % energy windows

centered on 111In-photopeaks (172 and 245 keV). Anterior

and posterior whole-body scans were acquired with the

patient supine at a speed of 5 cm/min using a matrix size of

256 9 1024. SPECT of the head and neck and of other

districts eventually involved were performed using 6�
steps, 40 s/step, a 180� orbit, and a matrix size of 64 9 64.

Images were reconstructed iteratively using the ordered

subsets-expectation maximization algorithm, and transax-

ial, coronal, and sagittal sections were obtained and

analyzed.

Results

Contrast-enhanced CT detected a total of 131 lesions in 25

patients with MMTC and Table 1 lists the anatomic sites of

metastatic lesions. Among the 131 lesions detected by CT,

79 were enlarged lymph nodes and 14 were located in the

bones. Lung metastases were detected by CT as 11 discrete

lung nodules and in 7 cases as diffuse micronodular lung

involvement. Furthermore, CT detected additional lesions

in liver, pancreas, brain and thyroid bed as reported in

Table 1.

A total of 92 lesions were detected by 18F-FDG-PET/CT

of which 83 were also seen on CT and 9 were identified only

by 18F-FDG-PET/CT (Table 1). Of the 83 lesions detected

by both CT and 18F-FDG-PET/CT, 59were located in lymph

nodes enlarged on CT and 7 corresponded to bone abnor-

malities on CT. 18F-FDG-PET/CT failed to detect micron-

odular lung involvement and brain metastases. Compared to

the CT findings, 18F-FDG-PET/CT detected 74.6 % of

Table 1 Number and anatomic

site of metastatic lesions

detected by CT and 18F-FDG-

PET/CT in 25 patients with

metastatic medullary thyroid

carcinoma

Anatomic site CT 18F-FDG-PET/CT true positivea

Lymph nodes 79 59 (7)

Bone 14 7 (1)

Lung nodules 11 7

Micronodular lung involvement 7 0

Liver 10 5

Pancreas 4 1 (1)

Brain 2 0

Thyroid bed 4 4

Total 131 83 (9)

a Lesions corresponding to CT abnormalities and in parenthesis those confirmed at subsequent follow-up

Fig. 1 Multimodal imaging performed in the same patient with

MMTC: transaxial contrast-enhanced CT image (a); coronal PET

(b) and fusion (c) images of the head by 18F-FDG-PET/CT scan. The

right submandibular lymph node showing focal 18F-FDG uptake on

PET and fusion images is not enlarged on CT

236 Ann Nucl Med (2016) 30:234–241

123



lymph node metastases, 50 % of bone lesions, 63.6 % of

metastatic lung nodules, 50 % of liver lesions, 25 % of

pancreatic lesions and 100 % of recurrences in the thyroid

bed. Seven of the 9 additional lesions detected by 18F-FDG-

PET/CT were found in lymph nodes not enlarged on CT. All

the additional lesionswere confirmed by subsequent CT scan

or conventional imaging performed at follow-up. Figure 1

shows representative images of CT and 18F-FDG-PET/CT in

a patient with an 18F-FDG avid submandibular lymph node

not enlarged on CT.

Table 2 SUVmax values of metastatic lesions detected by 18F-FDG-

PET/CT in 25 patients with metastatic medullary thyroid carcinoma

Anatomic site SUVmax

Mean ± SD

SUVmax

Range

Lymph nodes 3.6 ± 1.3 1.5–8.4

Bone 5.6 ± 1.2 3.4–7.0

Lung nodules 4.1 ± 2.6 1.1–7.5

Liver 5.3 ± 2.0 4.0–8.3

Pancreas 3.1 ± 0.5 2.7–3.5

Thyroid bed 5.0 ± 3.3 3.2–10.0

Total 4.0 ± 1.7 1.1–10.0

Fig. 2 18F-FDG-PET/CT scan performed in a patient with aggressive

MMTC: maximum intensity projection view (a); transaxial contrast-
enhanced CT (b), PET (c) and fusion (d) images showing metastatic

sites highly FDG-avid in the thoracic lymph nodes: SUVmax 8.4 (first

row), in the liver: SUVmax 8.1 (second row) and in the right femur:

SUVmax 5.2 (third row)

Table 3 Number and anatomic

site of metastatic lesions

detected by 18F-FDG-PET/CT

and 111In-Ocreotide SPECT in

20 patients with metastatic

medullary thyroid carcinoma

Anatomic site 18F-FDG-PET/CT true positivea 111In-Octreotide SPECT true positivea

Lymph nodes 43 27

Bone 7 10

Lung nodules 7 6

Micronodular lung involvement 0 0

Liver 3 1

Pancreas 1 0

Brain 0 0

Thyroid bed 3 2

Total 64 46

a Lesions corresponding to CT abnormalities or confirmed at subsequent follow-up

cFig. 3 Multimodal imaging performed in the same patient with

MMTC: transaxial contrast-enhanced CT images (a); coronal PET
(b) and fusion (c) images of the thorax of 18F-FDG-PET/CT scan;

SPECT images of the thorax performed 24 h after 111In-Octreotide

administration (d). The first and third columns show a left paratra-

cheal lymph node and a right hilar lymph node, respectively, both

enlarged on CT and showing focal 18F-FDG and 111In-Octreotide

uptake while the second column displays a prevascular lymph node

enlarged on CT showing focal 18F-FDG uptake but no 111In-

Octreotide uptake
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The mean value of SUVmax of all metastatic lesions was

4.0 ± 1.7 (SD). Table 2 reports the values of SUVmax and

range in relation to the anatomic sites of lesions. In par-

ticular the SUVmax of lymph node metastases, which

constituted the majority of metastatic lesions, was

3.6 ± 1.3 (mean ± SD). The highest mean SUVmax values

were found in bone lesions (5.6 ± 1.2, mean ± SD). In the

whole series of patients, the range of SUVmax values varied

between 1.1 and 10.0 and the highest values were obtained

in patients with highly aggressive and advanced disease.

Figure 2 shows representative images of 18F-FDG-PET/CT

in a patient with highly FDG-avid metastatic sites. Fur-

thermore in 14 of 25 patients with calcitonin levels greater

than 1000 pg/ml, SUVmax values of the most FDG-avid

lesion in each patient were significantly higher than those

of patients with calcitonin levels lower than 1000 pg/ml

(5.72 ± 2.60 vs 3.07 ± 2.41, p = 0.02).
111In-Octreotide SPECT showed a total of 57 areas of

tracer uptake in 20 metastatic MTC patients. 111In-Oc-

treotide uptake was detected in 24 of 52 lymph nodes

enlarged on CT and in 6 additional lymph nodes. Fur-

thermore, 111In-Octreotide SPECT showed focal tracer

uptake in 10 of 14 bone abnormalities found on CT. In the

lungs, 6 of 11 nodules showed focal uptake of 111In-Oc-

treotide whereas diffuse tracer uptake not corresponding to

CT abnormalities was found in one case. Only 1 liver

lesion out of 7 hypodense liver lesions on CT was detected

by 111In-Octreotide SPECT whereas no tracer uptake was

observed in 2 brain metastases or in 3 pancreatic lesions

detected by CT. Focal uptake of 111In-Octreotide was

detected in 2 local recurrences of 3 confirmed on CT

whereas diffuse tracer uptake was found in the thyroid bed

of 7 additional cases in the absence of CT abnormalities.

Among the 14 lesions detected by 111In-Octreotide SPECT

not corresponding to CT abnormalities only 3 lymph nodes

were confirmed on CT or conventional imaging performed

at follow-up. Table 3 reports the true positive results of

111In-Octreotide SPECT and 18F-FDG-PET/CT in the same

subgroup of 20 patients. 18F-FDG-PET/CT detected more

lymph node metastases as compared to 111In-Octreotide

SPECT, whereas bone metastases were better detected by
111In-Octreotide SPECT than by 18F-FDG-PET/CT. Fig-

ure 3 shows representative images of CT, 18F-FDG-PET/

CT and 111In-Octreotide SPECT performed in the same

patient with multiple metastatic lymph nodes. Figure 4

shows multimodal imaging findings in an MTC patient

with osteoblastic bone metastases.

Discussion

The present study shows that the addition of 18F-FDG-

PET/CT to conventional imaging may contribute to iden-

tifying lymph node involvement in metastatic MTC

patients. Compared to contrast-enhanced CT, the overall

sensitivity of 18F-FDG-PET/CT was 63.4 %. When con-

sidering lymph node metastases, the sensitivity of 18F-

FDG-PET/CT increased to 74.6 % and additional lymph

nodes not enlarged on CT could be identified as metastatic

foci by 18F-FDG-PET/CT. The majority of metastatic sites

in our series of patients were found in lymph nodes and
18F-FDG-PET/CT provided additional information in the

evaluation of this prominent anatomic district. In agree-

ment with previous studies [7, 31, 32], the contribution of
18F-FDG-PET/CT in the evaluation of diffuse micronodu-

lar lung involvement, liver and brain metastases was lim-

ited due to the small size of the lesions or to low tumor-to-

background ratios. In relation to bone metastases 18F-FDG-

PET/CT was able to detect osteolytic lesions but was

limited by the osteoblastic nature of bone lesions from

well-differentiated and slow-growing tumors as reported by

previous studies [33].

The addition of 111In-Octreotide SPECT to the evalua-

tion of metastatic MTC patients did not provide relevant

Fig. 4 Multimodal imaging performed in the same patient with

MMTC: transaxial contrast-enhanced CT (a) and fusion (b) images of
18F-FDG-PET/CT scan; SPECT image of the thorax performed 24 h

after 111In-Octreotide administration (c). The eighth dorsal vertebra

shows CT abnormalities and intense focal 111In-Octreotide uptake but

no significant 18F-FDG uptake
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information on the extension of the disease but allowed

characterization of the somatostatin receptor status of pri-

mary tumors and metastatic sites especially bone lesions.
111In-Octreotide SPECT showed indeed a higher sensitivity

in the detection of bone lesions than in revealing metas-

tases of any other anatomic district indicating a high

incidence or density of SST2 receptors in these lesions.

Furthermore, 111In-Octreotide SPECT detected more bone

lesions than 18F-FDG-PET/CT in the same patients pro-

viding additional functional information to evaluate meta-

static dissemination to the bones. The main clinical

application of 111In-Octreotide SPECT is in the selection of

candidates for treatment with both cold and radiolabeled

somatostatin analogs as a high tracer uptake is a prereq-

uisite for peptide receptor radionuclide therapy (PRRT)

[34, 35]. In this setting, our study confirmed that 111In-

Octreotide SPECT can be employed to assess somatostatin

receptor expression in tumor lesions and showed that it can

be successfully used to identify bone lesions that are not

definitely recognized as metastatic foci by other imaging

techniques. Furthermore, it has been reported that

somatostatin receptor scintigraphy is a better tool for

monitoring the bone lesion response to PRRT than CT [36].

Imaging modalities are of primary importance in patients

with metastatic MTC because, in agreement with current

clinical guidelines, only those with significant tumor burden

or symptomatic/progressive disease are candidates for sys-

temic treatment. Patients with known metastases not candi-

dates for systemic treatment are usually monitored by

measurements of serum tumor markers and by repeated

imaging procedures in order to assess disease progression. A

large spectrum of imaging modalities may be employed to

guide treatment decisions in individual patients. Depending

on the anatomic sites of metastatic involvement ultrasound

may be used for periodical evaluation of neck and liver; CT

may be employed to monitor disease in the neck, chest and

liver; bone metastases may be evaluated by bone scan and

MRI of spine and pelvis. In addition, various functional

imagingmethodologies have been tested inMTC patients. In

the last years, 68Ga PET with somatostatin analogs such as

DOTATOC, DOTATATE and DOTANOC have been pro-

posed, in particular 68Ga-DOTATATE PET/CT was shown

to successfully localize recurrent or metastatic disease in a

small series of MTC patients with calcitonin levels

[1000 pg/ml [37], although, the routine use of these com-

pounds is still limited. 18F-fluorodeoxyphenylalanine (18F-

FDOPA) is currently considered the only nuclear medicine

methodology capable of detecting recurrence in MTC

patients with calcitonin values around 150 pg/mL [32],

despite which its use is limited by its expense and uncertain

supply. Other functional techniques such as 99mTc-dimer-

captosuccinic acid (99mTc-DMSA) scintigraphy or 131I/123I-

metaiodobenzylguanidine (131I/123I-MIBG) scintigraphy are

reported not to be recommended inMTC patients due to their

low sensitivity in this neoplastic disease [26, 37].

Our study shows that 18F-FDG-PET/CT may provide

additional information on lymph node involvement and

disease progression in this district. In agreement with

previous studies, we found that 18F-FDG uptake in meta-

static lesions of MTC patients is usually low showing a

mean SUVmax value of 4.0 ± 1.7. This may limit the

detectability of small lesions and the assessment of meta-

bolic tumor response to treatment using 18F-FDG-PET/CT.

However, the large range of SUVmax values found in our

study indicates that 18F-FDG-PET/CT can identify patients

with highly aggressive disease and guide individual-based

therapeutic interventions.

In conclusion multimodal imaging with 18F-FDG-PET/

CT and 111In-Octreotide SPECT may improve the man-

agement of MMTC patients by providing additional

information on disease extension and progression in

specific anatomic districts.
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