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Posttherapeutic '*'I SPECT-CT offers high diagnostic
accuracy when the findings on conventional planar
imaging are inconclusive and allows a tailored patient
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Abstract

Purpose The purpose of this prospective study was to
determine the diagnostic impact and influence on patient
treatment of posttherapeutic '*'I SPECT-CT when the
findings on planar posttherapeutic whole-body scintigraphy
(ptWBS) were inconclusive.

Materials and methods A total of 53 SPECT-CT scans were
performed in 41 patients with thyroid cancer after high-dose
1311 therapy (2.944 to 7.526 GBq '*'I) because of diagnostic
uncertainty on ptWBS. Physiological uptake in the salivary
glands, gastric mucosa, gut, nasal mucosa, urinary tract and
liver were considered to be normal. Any other foci of
increased '*'T uptake, except iodine uptake clearly located in
the thyroid bed, were considered to be abnormal. The data
were evaluated on a lesion and a patient basis.

Results Regarding neck lesions, SPECT-CT provided a
diagnostic impact in 26/90 lesions (28.9%) and confirmed
the diagnosis in 64/90 lesions (71.1%). On a patient basis,
SPECT-CT changed N status in 12/33 patients (36.4%),
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provided a diagnostic impact in 21/33 patients (63.6%) and
led to a treatment change in 8/33 patients (24.2%).
Regarding lesions distant from the neck, SPECT-CT con-
firmed the diagnosis in 62/71 lesions (87.3%) and had a
diagnostic impact in 9/71 lesions (12.7%). On a patient basis,
SPECT-CT changed M status in 4/19 patients (21.1%), had a
diagnostic impact in 14/19 patients (73.7%) and led to a
treatment change in 2/19 patients (10.5%). Considering all
patients, SPECT-CT led to a treatment change in 10/41
patients (24.4%).

Conclusion Integrated SPECT-CT is a useful tool, espe-
cially in cases of diagnostic uncertainty and helps to
individualize patient management.

Keywords Thyroid cancer - Radioiodine - Posttherapeutic
scintigraphy - SPECT-CT - Dual imaging modality

Introduction

Posttherapeutic whole-body scintigraphy (ptWBS) per-
formed 5-7 days after administration of high activities of
31 in patients with differentiated thyroid cancer (DTC) is
of great importance for judging the effectiveness of, and
staging after, radioiodine therapy [1-9]. WBS is performed
to localize '*'T uptake and offers the opportunity to detect
residual or recurrent disease as well as distant metastases
often before visualization by conventional imaging is
possible. The precise anatomical localization of foci with
increased uptake and the determination of physiological or
pathological iodine uptake is sometimes difficult on planar
images because of the lack of anatomical landmarks and
limited specificity [10—14]. WBS may reveal foci of "*'I
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uptake owing to a variety of other causes, such as ectopic
foci of normal thyroid tissue, nonthyroid physiological
sites, due to contamination, ectopic gastric mucosa,
gastrointestinal or urinary tract abnormalities, inflammation
and infection, mammary abnormalities, nonthyroid neo-
plasms, serious cavities and cysts [10]. In particular, the
diagnosis of iodine-positive lymph node metastases in the
neck versus thyroid remnant, lung versus bone or medias-
tinal metastases is sometimes difficult [15—19]. Performing
SPECT with side-by-side comparison to CT, MR and
ultrasound images may be helpful in some cases. Software
image fusion has proved helpful for anatomical localization
of abnormalities detected on SPECT images in patients with
DTC [15, 20]. However, this technique involves fusion of
images acquired during two separate imaging sessions on
two different scanners with the possibility of misregistra-
tion. With the availability of integrated SPECT-CT, a dual
imaging modality, the combination of the scintigraphic
functional data (SPECT) with the anatomic information
(CT) in one single examination is possible. The possibility
of combined imaging permits a high diagnostic accuracy by
better recognition of pathological processes with exact
anatomical localization [21-23, 16—-19].

The purpose of this prospective study was to determine
the diagnostic impact of '*'I SPECT-CT with a low-dose
CT component performed when the findings on conven-
tional planar ptWBS after administration of high activities
of "*'T in patients with DTC are inconclusive. A further
point was to investigate the clinical value of the better
diagnostic accuracy and to evaluate the impact on, and
possible changes in, the treatment and management of
patients with thyroid cancer.

Materials and methods

In this prospective study 53 SPECT-CT scans were
performed between November 2006 and April 2008 when
the findings on conventional '*'I ptWBS in DTC patients
were inconclusive. A group of 41 patients (aged 25—
86 years at time of therapy, mean age 60.6 years; 23
women, 18 men) underwent ptWBS 5 days after adminis-
tration of 2.944 to 7.526 GBq "*'I according to disease
status. In 23 patients the iodine therapy was their first
ablative therapy, and 18 had already undergone two or more
iodine therapies (2-8 '*'I therapies, mean 3.96 therapies).

The histological types of the thyroid carcinoma were
follicular (9 patients), follicular oxyphilic subtype (5),
medullary—follicular (1), papillary (21), papillary follicular
subtype (4), without classification (1) (Table 1).

During this period a total of 268 conventional ptWBS
scans were performed in 234 patients in our institution.
Because of inconclusive findings on the planar studies 53

Table 1 Patient characteristics

Characteristic Values
Number of SPECT-CT scans performed 53
Number of patients 41
Male 18
Female 23
First ablative therapy 23
More than one '3'I therapy 18
Age (years)

Mean 60.6
Range 25-86
Range of "*'I doses administered (GBq) 2.944-7.526
Histology (n)

Papillary 21
Papillary follicular 4
Follicular 9
Follicular oxyphilic subtype 5
Medullary follicular 1
Without classification 1

SPECT-CT scans were performed (19.8%). Of the 215
ptWBS scans without SPECT-CT, 7 showed disseminated
lung metastases, and in four patients the scan showed
already diagnosed bone metastases. Therefore we decided
that there was no need to perform SPECT-CT to evaluate
the diagnostic impact. All the other ptWBS showed “clearly
normal uptake” in thyroid remnants or a lobus pyramidalis.

Posttherapeutic '*'I WBS was performed 5 days after
13! therapy. The acquisition was performed with the patient
in the supine position as spot imaging in the anterior and
posterior projections from the head and neck, thorax,
abdomen and pelvis for 10 min per position using a dual-
head gamma camera with a high-energy high-resolution
collimator.

Because of inconclusive findings in the planar studies
(interpreted by two experienced nuclear medicine special-
ists), SPECT-CT of the region of interest was performed on
a dedicated scanner (Siemens Symbia T, Siemens Medical
Systems) in order to evaluate areas of increased uptake. The
CT scan of the region of interest (neck, thorax, and
abdomen) was performed with the patient in the supine
position with a low-dose protocol (25 mAs, 130 kV, pitch
1.5, 5-mm slice thickness, kernel B60s) without adminis-
tration of contrast medium. SPECT was performed before
CT, acquiring images at 30-55 s per view over 180°. The
data were stored in a 128x128 matrix and iteratively
reconstructed (OSEM Flash 3D, four subsets, eight iter-
ations) using CT data for attenuation correction.

The ptWBS scans were interpreted by two experienced
nuclear medicine physicians in consensus, and one of five
experienced nuclear medicine physicians determined the
need for performing SPECT-CT. In the interpretation of the
scans physiologically symmetrical salivary gland uptake,
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gastric mucosa uptake, gut activity, nasal mucosal uptake,
urinary tract excretion and liver uptake in those with a large
residual thyroid tissue were considered to be normal. Any
other foci of increased '*'I uptake, except iodine uptake
clearly located in the thyroid bed, were considered to be
abnormal. The lesions on the planar ptWBS scan were
classified as lesions in the neck and distant from the neck,
and were interpreted by two nuclear medicine specialists in
consensus.

SPECT-CT images were viewed and interpreted together
with an experienced radiologist also in consensus. The
SPECT-CT and WBS images were acquired on the same
day and were interpreted independently from each other.
The standard of reference for confirming the presence or
absence of malignancy was either histopathology or clinical
and imaging follow-up data.

Results

The results were evaluated on a lesional basis and on a
patient basis.

Evaluation on a lesional basis in the neck

A total of 161 lesions were detected on planar images
compared to 188 on SPECT-CT (+16.8%).

Regarding the lesions in the neck (Table 2), 90 were
found on planar images and 95 on SPECT-CT (+5.6%). Of
11 equivocal lesions in the neck, 9 were diagnosed as
benign by SPECT-CT (6 due to asymmetric uptake in the
salivary glands, 1 due to periodontal surgery, 1 with
asymmetric uptake due to sinusitis, and 1 due to a
concretion in the parotid gland and parotitis), 1 was
diagnosed as a lymph node metastasis, and 1 was
diagnosed as a local recurrence. On SPECT-CT the
diagnosis in 37 lesions seen on ptWBS was confirmed as
remnant/local recurrence and 27 lesions as lymph node
metastases in the neck. Nine lesions were diagnosed as
remnant on SPECT-CT instead of lymph node metastases
on ptWBS. Six lesions were diagnosed as lymph node
metastases on SPECT-CT instead of remnant on ptWBS.
Thus SPECT-CT was able to provide a diagnostic impact

in 26/90 lesions (28.9%) and confirmed the diagnosis on
ptWBS in 64/90 lesions (71.1%). Furthermore, three
additional lymph node metastases and two local recur-
rences were diagnosed on SPECT-CT that were missed on
ptWBS.

Evaluation on a lesional basis distant from the neck

Regarding the lesions distant from the neck (Table 2), 71
were detected on ptWBS and 93 on SPECT-CT (+31%). Of
62 lesions whose diagnosis was confirmed, 56 were
confirmed as lung metastases on SPECT-CT, 3 as medias-
tinal metastases and 3 as bone metastases. Of four
equivocal lesions, two were diagnosed as bone metastases
and two as lymph node metastases (axillary and subpectoral
lymph nodes). Three lesions were diagnosed as bone
metastases instead of lung metastases and two were
localized as mediastinal instead of lung metastases. In
summary, on SPECT-CT confirmed the diagnosis in 62/71
lesions seen on ptWBS (87.3%) and had a diagnostic
impact in 9/71 lesions (12.7%). Furthermore, 22 additional
lesions were detected on SPECT-CT (17 lung metastases, 1
mediastinal metastasis, and 4 bone metastases). This
phenomenon can be predominantly explained due to the
accurately focused localization provided by SPECT espe-
cially in the field of lung metastases and by the possibility
of localizing a faint iodine uptake with the morphological
pathology visible on CT.

Evaluation on a patient basis in the neck

Uptake in the neck was evaluated in 33 patients on
planar scintigraphy. On a patient-based analysis the
additional information obtained from SPECT-CT led to
an upstaging in N status in the neck in five patients
who underwent ablative '*'I therapy (Fig. 1). On the
other hand, SPECT-CT led to a downstaging of N status in
the neck in three patients because it excluded iodine-
positive metastases that were diagnosed on planar scintig-
raphy (uptake due to remnants). In four patients additional
iodine-negative metastases in the neck were diagnosed on
SPECT-CT. In two patients cytologically proven lymph
node metastases were present in the neck and after high-

Table 2 Evaluation of the data on a lesional basis comparing ptWBS with SPECT-CT

Lesion location

No. of lesions Impact of SPECT-CT

In the neck Total detected, ptWBS/SPECT-CT
Diagnostic impact of SPECT-CT
Confirmation by SPECT-CT

Total detected, ptWBS/SPECT-CT
Diagnostic impact of SPECT-CT

Confirmation by SPECT-CT

Distant from the neck

90/95 Improvement in detection 5.6%
26/90 Improvement in localization 28.9%
64/90 Confirmation 71.1%
71/93 Improvement in detection 31%
9/71 Improvement in localization 12.7%
62/71 Confirmation 87.3%
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Fig. 1 Additional information a
obtained from SPECT-CT. a

1311 ptWBS performed 5 days
after '*'I administration shows
clear iodine uptake in the left
neck and faint iodine uptake
caudal and cranial. b SPECT-CT
demonstrates '*'I-positive
lymph node metastases in the ‘
cervical region in the left neck. -
Because of the size of the lymph
node metastases surgery was
performed with precise anatom-

ical information provided to the
surgeons preoperatively

3
3
vy & .s:.

[ L it

dose '*'I therapy SPECT-CT clearly revealed iodine
uptake in remnants and not in the metastases. In two
patients enlarged, pathologically shaped lymph nodes
were detected on SPECT-CT demonstrating no iodine
uptake. All the iodine-negative lymph node metastases
were histologically proven after complete neck dissection.
In summary, SPECT-CT changed N status (NO/N1, N1/NO,
iodine-negative lymph node metastases) in 12 of 33
patients (36.4%). SPECT-CT demonstrated additional
diagnostic information in 21/33 patients with inconclusive
findings in the neck (63.6%). The results obtained from
SPECT-CT in the neck had a direct impact on the
management of 8 of 33 patients (24.2%) in whom surgery

was performed (6 patients with complete neck dissection,
2 for local recurrence), and due to precise anatomical
information a detailed report of the pathologies could be
given to the surgeons (Table 3).

Evaluation on a patient basis distant from the neck

Uptake distant from the neck was evaluated in 19
patients on planar scintigraphy. Due to the anatomical
mapping SPECT-CT was able to precisely localize the
increased iodine uptake and led to an upstaging in M
status in three patients (additional bone metastases in one
patient, additional bone and pleural metastases in one

Table 3 Evaluation of the data on a patient basis comparing ptWBS with SPECT-CT

Lesion location

Impact of SPECT-CT

In the neck (n=33) Additional diagnostic information
Change in N status

Change in patient management
Additional diagnostic information
Change in M status

Change in patient management

21/33 patients (63.6%)
12/33 patients (36.4%)
8/33 patients (24.2%)
14/19 patients (73.7%)
4/19 patients (21.1%)
2/19 patients (10.5%)

Distant from the neck (n=19)
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patient and additional iodine-negative metastases) and to
a change in M status in one patient (mediastinal versus
bone metastasis; Fig. 2). Furthermore, in seven patients
SPECT-CT revealed additional iodine-negative lung me-
tastases (in six patients confirmed by PET-CT) indicating
a worse outcome (Fig. 3). In seven patients a larger
number of lung metastases were diagnosed on SPECT-CT
compared to the planar ptWBS, therefore leading to a
diagnostic impact, but not necessarily leading to an impact
on patient management. The results obtained from
SPECT-CT had a direct impact on the management in

Fig. 2 Diagnostic impact of a
SPECT-CT. a "*'I ptWBS

5 days after administration of
high-dose iodine therapy with
inconclusive findings in the

thorax (iodine uptake due to
mediastinal/lung or bone metas-

tasis). b SPECT-CT demon-

strates an iodine-positive bone
metastasis in the 6th vertebral

body of the thoracic spine. Ex- v
ternal radiation therapy was .
performed to avoid a pathologi- -
cal fracture. Another iodine- PR K
positive metastasis can be seen

in the right supraclavicular

region

two patients, in whom external radiation therapy for
stabilization of bone metastases was performed. In
summary, SPECT-CT had an impact on M status (upstag-
ing, change) in 4/19 patients (21.1%). A diagnostic impact
in 14/19 patients (73.7%), and a direct impact on
management with further action taken (external radiation
therapy) in 2/19 patients (10.5%; Table 3).

With regard to the impact on patient management overall
(lesions in the neck and distant from the neck together), a
direct consequential action was taken in 10/41 patients
(24.4%).
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Fig. 2 (continued) b
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Discussion

There is no doubt that the performance of ptWBS after
administration of high-dose '*'I therapy is of great value
and a standard procedure in order to judge the effectiveness
of therapy and for staging in DTC patients [1-9]. There are,
however, a few limitations and difficulties in interpretation.
On the one hand, normal thyroid remnants and residual or
metastatic foci of DTC have the ability to store iodine and,
on the other hand, ectopic thyroid tissue, nonthyroidal
physiological sites, contamination, physiological excretion
or abnormalities may cause foci of increased iodine uptake
on the ptWBS scan that are difficult to interpret [10].
Bakheet and Hammami [11] reported cases of an ectopic

Fig. 3 Diagnostic impact of
SPECT-CT. a "*'I SPECT-CT
performed 5 days after high-
dose iodine administration dem-
onstrates several iodine-positive
lung metastases and also iodine-
negative metastases visible on
CT (arrows).b "*F-FDG PET-
CT shows multiple FDG-
positive metastases in the same
patient due to dedifferentiation
of the tumour cells, indicating a
worse prognosis: flip-flop
phenomenon

kidney, chronic sinusitis, dacryocystitis and an artificial eye
mimicking metastases on the posttherapy WBS scan. Thus
they concluded that nonthyroidal pathology should be
excluded before diagnosing iodine-positive metastases.
Andreas et al. [12] reported a patient with follicular thyroid
carcinoma who underwent ablative '*'T therapy. Postther-
apy WBS detected iodine accumulation in the area of the
right occiput, suspicious for a metastasis; MRI however
showed porencephaly in the right posterior calvarium
mimicking a metastasis. Leitha and Staudenherz [14]
concluded that the major clinical problems in posttherapy
WBS include contamination, superimposed intestinal reten-
tion, hot nose, isolated peripheral metastasis, unexpected
breast activity and kidney metastasis.
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Software image fusion was introduced several years
ago, and has proved to be helpful for anatomic
localization of abnormalities detected on SPECT imag-
ing. Yamamoto et al. [15] reported the clinical usefulness
of the fusion of "*'I SPECT and CT images in DTC using
external markers for registration of anatomical and
functional images. Fusion images were considered to be
of benefit in 15 of 17 patients (88%). Cherng et al. [20]
reported the rare case of a malignant struma ovarii with
peritoneal implants and pelvic structures and liver metas-
tases demonstrated by fusion of '*'I SPECT and low-dose
CT images. However, while very useful, this technique
involves fusion of images acquired during two separate
imaging sessions on two different scanners with the
possibility of misregistration. There are a few case reports
of "*'T SPECT-CT in patients with DTC. Von Falck et al.
[21] reported a patient with follicular DTC who developed
renal metastases. The lesions were detected on SPECT-CT,
and subsequent surgery and histopathological analysis of
the renal lesion confirmed the diagnosis. Sakahara et al.
[22] reported three patients with DTC in whom SPECT-
CT visualized the nasolacrimal system after radioiodine
therapy. Aide et al. [23] reported the accurate depiction of
an unusual intratracheal metastasis of DTC by SPECT-CT
after radioiodine ablation.

There are two main studies dealing with '*'I posttherapy
SPECT-CT. Ruf et al. [17] studied 25 DTC patients with
inconclusive foci on planar scintigraphy after ablative
radioiodine therapy. They concluded that the changed
interpretation of 15/39 foci (38%) would have been relevant
for therapy in the focus-based analysis. Also in the patient-
based analysis the information was still therapeutically
relevant in 6/24 patients (25%). Tharp et al. [18] also
investigated the impact of '*'T SPECT-CT images obtained
with an integrated system in the follow-up of patients with
thyroid carcinoma. They concluded that integrated '*'I
SPECT-CT had an additional value over planar imaging,
SPECT-CT imaging had an incremental diagnostic value in
57% of patients (41/71).

In this prospective study we evaluated 53 SPECT-CT
scans in 41 patients after high-dose iodine treatment,
similar to the study by Ruf et al. [17]. Tharp et al. [18],
however, also included 17 patients referred for diagnostic
SPECT-CT. We applied a lesion-based analysis and a
patient-based analysis to classify the inconclusive foci of
increased iodine uptake in lesions in the neck and distant
from the neck. The lesion-based analysis showed a
diagnostic impact of SPECT-CT in the neck of 28.9%.
Ruf et al. reported a change in interpretation in 38% of all
foci together. Our patient-based analysis of the diagnostic
impact of SPECT-CT in the neck proved to be helpful in the
assessment of lymph node metastases. SPECT-CT changed
the N status in 36.4% of patients (12/33). This would have
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a further impact for the patient as it leads to a change in risk
stratification [24-31] or may lead to further treatment
options, e.g. surgery. Altogether SPECT-CT yielded addi-
tional diagnostic information in 21/33 patients with
inconclusive findings in the neck (63.6%). Tharp et al.
demonstrated in their study a diagnostic value in 57% of
patients not divided into separated regions.

In our study SPECT-CT in the neck had a direct impact
on the management of 8/33 patients (24.2%). In these
patients surgery was performed (six patients with complet-
ed neck dissection, two for local recurrence) and due the
precise anatomical information a detailed report of the
pathologies could be given to the surgeons. In the lesions
distant from the neck SPECT-CT had an impact on M status
(upstaging, change) in 4/19 patients (21.1%). A diagnostic
impact was found in 14/19 patients (73.7%). This high
percentage was partly influenced by the CT component,
which was responsible for detection of iodine-negative
metastases at an early stage of disease. SPECT-CT revealed
seven patients with iodine-negative lung metastases (in six
patients confirmed by PET-CT) indicating a worse progno-
sis. In addition in seven patients a larger number of lung
metastases was diagnosed on SPECT-CT compared to the
planar ptWBS, which had a diagnostic impact but not
necessarily an impact on patient management. This phe-
nomenon can be predominantly explained by the accurate
focus localization on the SPECT especially in the field of
lung metastases and by the possibility of localizing a faint
iodine uptake with the morphological pathology visible by
CT. SPECT-CT had a direct impact on management with
further action taken (external radiation therapy) in 2/19
patients (10.5%).

With regard to the impact on patient management overall
(lesions in the neck and distant from the neck together), a
direct consequential action was taken in 10/41 patients
(24.4%). This result is similar to the findings of Ruf et al.
[17] who reported therapeutic relevance in 25% of patients
(6/24) in a patient-based analysis.

Conclusion

Integrated '*'I SPECT-CT provided valuable additional
information especially in the assessment of lymph node
metastases in the neck for precise localization versus
remnant thyroid tissue and helped to optimize anatomical
information for surgery. Valuable additional information
from the precise localization was also obtained from
SPECT-CT of the chest regarding size and number of
metastases (lung versus mediastinal and bone metastases).
Furthermore, iodine-negative metastases in the lung could
be detected. SPECT-CT is a very useful tool, especially in
cases of diagnostic uncertainty and helps to individualize
the management of patients with DTC.
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