Endocrine (2016) 51:283-290
DOI 10.1007/s12020-015-0660-4

—
@ CrossMark

ORIGINAL ARTICLE

Value of post-therapeutic '*'I scintigraphy in stimulated serum
thyroglobulin-negative patients with metastatic differentiated

thyroid carcinoma

Chen-Tian Shen' - Wei-Jun Wei' - Zhong-Ling Qiu' - Hong-Jun Song' -

Quan-Yong Luo’

Received: 23 March 2015/ Accepted: 9 June 2015/ Published online: 21 June 2015

© Springer Science+Business Media New York 2015

Abstract Metastatic differentiated thyroid carcinoma
(DTC) with positive '*'T scintigraphy, but negative stim-
ulated Tg (sTg) is relatively rare in clinical practice. The
clinical characteristics of these patients were analyzed in
the current study. A total of 3367 consecutive histologi-
cally proven DTC patients were analyzed retrospectively
from January 2007 to June 2013. Tg negativity was defined
as a sTg level of <2 ng/mL without positive anti-Tg anti-
body (TgAb level of <100 IU/mL) under thyroid-stimu-
lating hormone stimulation (TSH level of >30 mIU/L).
Analyses were performed using the Statistical Package for
the Social Sciences, version 20.0 (SPSS, Chicago, IL,
USA). Seventy-one patients (median age 45 years, range
17-68 years) were post-therapeutic '>'I-SPECT/CT posi-
tive and sTg negative (PTP-TN) constituting 2.1 % of all
patients. Of these 71 patients, 2 (2.8 %) had bone metas-
tasis, 11 (15.5 %) had lung metastasis, and 59 (83.1 %) had
lymph node metastasis. Fifty-six patients had cervical
lymph node metastasis (cLNM), and US was positive in 15
patients (26.8 %), while negative in 41 patients (73.2 %).
When compared to patients with concordant positive
results for sTg and '*'I scintigraphy, US showed a rela-
tively lower positive rate in the detection of cLNM in PTP-
TN patients (28.8 vs. 53.8 %; y*> = 6.70; P = 0.01). In
conclusion, even with sTg <2 ng/mL, there is a low risk of
metastatic DTC. US had limitations in PTP-TN patients,
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while post-therapy '*'I-SPECT/CT demonstrated an
advantage in the detection of functioning metastasis despite
low sTg levels in patients with metastatic DTC.

Keywords '"*'I-SPECT/CT - Stimulated serum
thyroglobulin - Differentiated thyroid carcinoma -
Metastasis

Introduction

The conventional and effective treatment of differentiated
thyroid carcinoma (DTC) in most patients consists of
adequate surgical management followed by radioiodine
(RAI) ablation and thyroid hormone suppression. Fol-
lowing 1311 remnant ablation, the measurement of serum
thyroglobulin (Tg) levels forms the basis of post-ablation
follow-up, together with cervical ultrasound (US) [1, 2].
Stimulated serum Tg (sTg) level has a good prognostic
value for persistent/recurrent disease after total thy-
roidectomy. A low sTg level has a high negative predic-
tive value, whereas a high sTg level is frequently
associated with persistent disease [3]. In addition, 131
post-therapeutic ~ whole-body  planar  scintigraphy
(RxWBS), which is performed 3-7 days after the
administration of high activity RAI in patients with DTC,
is a standard procedure for RAI therapy and a useful tool
for DTC patient staging [4].

As the mainstay in the follow-up of patients with DTC,
reports of patients with a negative RxWBS and positive sTg
are common. Reports of patients with positive '*'I scintig-
raphy and negative sTg levels are relatively rare and all
describe the results of '*'T whole-body planar scintigraphy
('I-WBS) [5-7]. However, the lack of anatomical details
visible on planar imaging and the superimposition of areas
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of increased RAI uptake present challenges with regard to
accurate diagnosis and the localization of RAlI-avid meta-
static disease [8]. To date, the value of post-therapeutic '*'I-
SPECT/CT in these patients has not been reported.

Neck US, another main tool for the follow-up of DTC
patients, is considered to be the most sensitive method for
detecting cervical lymph node metastasis in DTC patients
[9]. However, the positive rate of US in metastatic DTC
patients with positive '*'I scintigraphy and negative sTg
levels has not been studied.

In the present study, 71 metastatic DTC patients were
found to be false negative by serum sTg level but positive
by post-therapeutic '*'I-SPECT/CT. The clinical charac-
teristics of these patients were investigated. And the posi-
tive rate of neck US in these patients with cervical lymph
node metastasis was further studied.

Materials and methods
Patients

All patients withdrew thyroid hormone medication and
began a low iodine diet 2-4 weeks before '*'I therapy
(thyroid-stimulating hormone [TSH] > 30 mlIU/L). The
patients received oral '*'I after obtaining conventional
measurements, including free triiodothyronine (FT3), free
thyroxine (FT4), TSH, Tg, anti-Tg antibody (TgAb), neck
ultrasonography, and chest CT scan. An empirical treatment
dose of '3'T was administered (30-100 mCi for residual
thyroid ablation, 150-200 mCi for metastatic disease).

Inclusion criteria

The inclusion criteria were (1) histologically proven DTC,
(2) (near-) total thyroidectomy before BIT treatment, (3)
sTg level <2 ng/mL and TgAb level <100 IU/mL, (4)
TSH level =30 mIU/L after 2-4 weeks of levothyroxine
withdrawal, and (5) post-therapeutic '*'I-SPECT/CT
diagnosed functioning metastatic disease.

Exclusion criteria

The exclusion criteria were (1) TgAb level >100 IU/mL or
sTg level >2 ng/mL, (2) TSH level <30 mIU/L, (3) other
types of thyroid carcinoma, and (4) no abnormal findings
observed on'*'T scintigraphy.

Post-therapeutic "*'I-WBS and SPECT/CT

BIWBS and "*'I-SPECT/CT fusion imaging were per-

formed 3d after oral "*'I. '3'T whole-body planar images
were obtained in both anterior and posterior projections
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using dual-head y-cameras equipped with high-energy gen-
eral-purpose collimators, at a table speed of 12 cm/min.
SPECT/CT images were recorded using a Philips Prece-
dence 16 (Philips, Medical Systems, The Netherlands),
which consisted of a dual-detector y-camera and an inte-
grated 16-slice helical CT scanner. No contrast medium was
administered during the procedure. CT data were used for
attenuation correction and anatomic information. SPECT
data were obtained on a dual-head camera in step-and-shoot
mode, using a noncircular orbit, a 128 x 128 x 16 matrix,
and 32 angles over a total of 180° (per detector); the
acquisition time varied between 30 and 60 s per stop,
depending on the counting rate. Reconstruction was per-
formed on a Philips JETStream system using the Philips
Astonish algorithm, providing transaxial, sagittal, and
coronal slices of SPECT, CT, and fused SPECT/CT data.

Tg and anti-Tg antibody measurements

All patients had a serum TSH concentration of 30 mIU/L or
more at the time of Tg and TgAb measurements following
withdrawal of thyroid hormone replacement for
2-4 weeks. Tg and anti-Tg antibody measurements were
obtained 1 day before the administration of '*'I. TgAb was
measured in all samples at the time of Tg determination.
Serum Tg levels were determined in duplicate using elec-
trochemiluminescence immunoassay kits (Roche Diag-
nostics GmbH, Mannheim, Germany), with a measurement
range of 0.1000-1000 ng/mL. Serum TgAb levels were
determined in duplicate using electrochemiluminescence
immunoassay kits (Roche Diagnostics GmbH, Mannheim,
Germany), with a measurement range of 10—4000 IU/mL.

Imaging interpretation

On RxWBS, abnormal findings were defined as any focal
uptake above the surrounding background that was
incompatible with obvious physiological activity or resid-
ual thyroid tissue. Uptake foci in the salivary glands and
esophageal tract were considered physiological. Two
nuclear medicine physicians jointly diagnosed the planar
data and recorded the findings as normal or abnormal.
SPECT/CT was then performed in patients with abnormal
findings, for further evaluation. The SPECT/CT imaging
features were classified as follows: 1, remnant tissue if the
median/paramedian foci were localized either in the lower
thyroid bed (usually posterolaterally to the trachea), in the
upper thyroid bed or in the thyroglossal duct remnants; 2,
lymph node metastasis (LNM) when a focus was localized
in front of a round lesion congruent with a lymph node; 3,
distant metastasis when focal iodine uptake was localized
to bones or soft tissue organs in accordance with charac-
teristic CT findings such as small lung nodules or lytic
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bone lesions. Ultrasonography examination of the entire
neck was performed in all patients before '*'I therapy with
at least 2-4 weeks of levothyroxine withdrawal. The results
of US examination of the neck were retrospectively eval-
uated. Tumor US findings were classified according to the
nature, shape, echogenicity, margin, calcification, and
vascularity [9, 10]. The presence of LNM was assessed
using a four-point scale of the reviews’ confidence: 1,
definitely absent; 2, probably absent; 3, probably present;
4, definitely present. For the purposes of positive and
negative correlation, findings graded as 3 or 4 were con-
sidered positive; findings graded as 1 or 2 were considered
negative for LNM.

Statistical analysis

Comparisons of continuous variables between two groups
were performed using the Student’s t test. The Chi-square
test was used for categorical variables. The Chi-square test
was used to compare the US positive rate for detection of
cervical lymph node metastasis between groups. All tests
were two sided. A P value of <0.05 was considered sta-
tistically significant. All analyses were performed using the
Statistical Package for the Social Sciences, version 20.0
(SPSS, Chicago, IL,USA).

Results
Clinical characteristics

Seventy-one of 3367 consecutive patients with histologically
proven DTC (constituting 2.1 % of all patients) were post-
therapeutic '*'I-SPECT/CT positive and stimulated serum
thyroglobulin negative (PTP-TN). The total number of all
patients with negative stimulated serum Tg (with TgAb level
of <100 IU/mL) was 604 and the percentage of patients
who had negative stimulated serum Tg levels and positive
post-therapy '*'I-SPECT/CT scans of the total of all patients
with negative stimulated serum Tg regardless of the out-
come of the post-therapy scan is 11.7 %. Clinical data for
these 71 patients were collected. The median age of the 71
patients was 45 years (range 17-68 years), with 36 sub-
jects >45 years of age and 35 < 45 years. The female to
male ratio was 2.55:1 with 51 women and 20 men. Sixty-six
patients (93.0 %) had histologically proven PTC (2 had
follicular variant PTC and one had columnar cell variant
PTC) and 5 (7.0 %) had FTC. All 71 patients underwent
(near-) total thyroidectomy before '*'I treatment, and 59
(83.1 %) of these patients achieved (near-) total thyroidec-
tomy after the first operation. The remaining 12 patients
required two thyroid operations. They initially underwent
thyroid lobectomies for primary DTC, but recurrence and/or

metastatic lesions were detected during follow-up and
complete thyroidectomies were performed before '°'I
treatment. The median time between the last thyroidectomy
and the first positive '*'I post-ablation scans was 3 months
(range 0.5-23 months). Sixty-one (85.9 %) patients under-
went neck dissection (central, central, and lateral neck dis-
section) including therapeutic or prophylactic procedures,
while the remaining 10 patients (14.1 %) did not undergo
neck dissection. Forty patients received '*'I for residual
thyroid ablation and the remaining 31 patients for the
treatment of metastatic disease. Eighteen patients (25.4 %)
had an undetectable sTg level (less than 0.1 ng/ml). Patho-
logical T status was T1 in 25, T2 in 34, T3 in 8, and T4 in 4
patients. The clinical characteristics of these patients who
were post-therapeutic '*'I-SPECT/CT positive and stimu-
lated serum thyroglobulin negative are shown in Table 1.

In order to determine the clinical characteristics of the
PTP-TN patients, 71 patients with concordant positive
results for sTg and "*'T scintigraphy (PTP-TP, post-thera-
peutic "*'T scintigraphy positive, and stimulated serum
thyroglobulin positive) were randomly selected (groups-1,
PTP-TP vs. PTP-TN). When compared to PTP-TP patients,
PTP-TN patients were older (39 vs. 45 years, P = 0.04). In
addition, the metastatic profile was significantly different
(Fig. 1a, more patients with lymph node metastasis and
fewer patients with lung and bone metastases in the PTP-
TN group). All the patients with nodal involvement had
only one focal uptake except two patients who had both
mediastinal and cervical lymph node metastases with two
focal uptakes. When compared the number of focal uptake
revealed in patients with nodal involvement (focal uptake
of the residual thyroid was excluded) between the two
groups (Fig. 1c), the result demonstrated that all patients
predominantly had one focal uptake and the small number
of more than one focal uptake made the statistical differ-
ences that it cannot be calculated. No statistically signifi-
cant differences in clinical characteristics were observed
including gender (P = 0.112), the number of thyroid
operations (P = 0.108), pathology of DTC (P = 0.546),
pathological T status and N status (Table 2).

Metastasis categories

All patients showed metastasis on '*'I-SPECT/CT and
three site-associated categories were determined, i.e., bone,
lung, and lymph node. Of these 71 patients, 2 (2.8 %) had
bone metastasis, 11 (15.5 %) had lung metastasis, and 59
(83.1 %) had lymph node metastasis.

Cervical LNM (cLNM) group

Among the 59 patients with lymph node metastasis, one
had lung and cervical lymph node metastasis, two had both
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Table 1 Clinical characteristics of 71 patients who were post-ther-
apeutic B3I.SPECT/CT positive and stimulated serum thyroglobulin

negative

Characteristics N=171 %

Agelyears
>45 (range) 36 (45-68) 50.70
<45 (range) 35 (17-44) 49.30
Median (range) 45 (17-68)

Gender
Male 20 28.17
Female 51 71.83
Ratio (M:F) 1:2.55

T stage
Ti 25 (0.3-1.8 cm) 35.21
12 34 (2.1-4.0 cm) 47.89
73 8 (4.1-4.6 cm) 11.27
T4 4 5.63
Ratio 6.25:8.5:2:1

N stage
NO 3 4.23
NI 58 81.69
Nx 10 14.08
Ratio 1:19.33:3.33

Number of thyroid surgery
1 59 83.10
>2 12 16.90
Ratio 4.92:1

Pathological of DTC
PTC 66 92.96
Follicular variant of PTC 2
Columnar cell variant PTC 1
FTC 5 7.04
Ratio (P:F) 13.2:1

Metastases profile
Lymph node® 59 83.10

Cervical 56
Mediastinal 5

Lung?* 11 15.50
Bone 2 2.82
Ratio 29.5:5.5:1

31T therapy courses
1 40 56.34
>2 31 43.66
Ratio 1.29:1

DTC differentiated thyroid cancer; F female; M male; PTC papillary
thyroid carcinoma; FTC follicular thyroid carcinoma

% One patient had both cervical lymph node and lung metastases

mediastinal and cervical lymph node metastases, three had
only mediastinal lymph node metastasis, and 53 had only
cervical lymph node metastasis. Of the 56 patients with
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cervical lymph node metastasis, US was positive in 15
patients (26.8 %) and negative in 41 patients (73.2 %).
When 3 patients with parapharyngeal lymph node metas-
tasis and 1 patient with paratracheal lymph node metastasis
were excluded, US was positive in 15 patients (28.8 %) and
negative in 37 patients (71.2 %).

In order to investigate differences in the positive rate of
US between PTP-TN patients and PTP-TP patients, 52 age-
and sex-matched PTP-TP patients cervical lymph node
metastases (parapharyngeal or paratracheal metastasis
excluded) were identified (groups-2, PTP-TP vs. PTP-TN)
(Table 3). Neck US was positive in 28 patients (53.8 %)
and negative in 24 patients (46.2 %). These data demon-
strated that compared to the PTP-TP group, US showed a
relatively lower positive rate in the detection of cervical
lymph node metastases in PTP-TN DTC patients (28.8 %
vs. 53.8 %; y* = 6.70; P = 0.01, Fig. 1b). Post-therapy
BILSPECT/CT findings in two patients with cervical
lymph node metastasis from the two subgroups are illus-
trated in Fig. 2.

Follow-up 131y therapy

No further ' treatment was undertaken in 15 (21.1 %) of
the 71 patients. These 15 patients did not accept further '*'T
therapy despite our recommendation. The remaining 56
patients (78.9 %) were followed up for a mean of 37 months
(12-84 months) with regular '*'T treatments (usually every
6 months; at least 100 mCi each time). During this period,
metastatic uptake disappeared in 29 (51.8 %), was amelio-
rated in 16 (28.6 %), and persisted in 10 (17.9 %). One
patient with bone metastases experienced progression.
Diagnostic doses during "*'I-WBS are not routinely recom-
mended in our institution and none of these patients received
diagnostic doses during '*'I-WBS in the follow-up setting.

Discussion

Concordant results (undetectable or low level of sTg asso-
ciated with negative '>'I-WBS or elevated levels of sTg
associated with positive '*'I-WBS) are usually indicative of
the absence or presence of disease. However, discordant
results (elevated level of sTg with negative '*'I-WBS or low
levels of sTg with positive BI1_WBS) can also occur [11]. A
low level of sTg with positive '*'I scintigraphy is a rela-
tively rare entity in clinical practice and it has been reported
that 8.5 % of DTC patients show recurrences and metastases
on RxWBS with a low sTg value [7]. The incidence rate in
the current study is lower than that previously reported.
Possible reasons for this could be as follows: (1) although all
the patients recruited had histologically confirmed DTC and
had undergone thyroidectomy before RAI therapy, bias in
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Fig. 1 a Three site-associated categories were classified containing 2
(2.8 %) with bone metastasis (BM), 11 (15.5 %) with lung metastasis
(LM), 59 (83.1 %) with lymph node metastasis (LNM). *P < 0.05;
b the positive rate of cervical US between post-therapeutic 1317
SPECT/CT positive, while stimulated serum thyroglobulin-negative

(PTP-TN) patients and post-therapeutic '*'I-SPECT/CT positive and
stimulated serum thyroglobulin positive (PTP-TP) patients.
*P < 0.05; ¢ number of focal uptake in PTP-TP and PTP-TN patients
with node involvement (focal uptake of the residual thyroid was
excluded)

Table 2 Clinical characteristics

of DTC patients who were PTP- Clinical characteristics Groups-1 PIy? value
TP or PTP-TN in groups-1 PTP-TP PTP-TN
/% n/%
Agelyears
>45 24/33.80 36/50.70 0.041/4.156
<45 47/66.20 35/49.30
Median (range) 39 (16-70) 45 (17-68) 0.040
Gender 0.112/2.524
Male 29/40.85 20/28.17
Female 42/59.15 51/71.83
Number of thyroid surgery 0.108/2.582
1 51/71.83 59/83.10
>2 20/28.17 12/16.90
Pathological of DTC 0.546/0.364
PTC 64/90.14 66/92.96
Follicular variant of PTC 5 2 0.227/1.459
FTC 7/9.86 5/7.04
Metastases profile
Lymph node 46/64.79 59/83.10 0.013/6.177
Lung 36/50.70 11/15.50 <0.001/19.877
Bone 10/14.08 2/2.82 0.016/5.826
Multiple metastases 21/29.58 1/1.41 <0.001/21.515
T stage
TI 20/28.17 25/35.21 0.367/0.813
172 39/54.93 34/47.89 0.401/0.705
73 7/9.86 8/11.27 0.785/0.075
T4 5/7.04 4/5.63 0.512/0.430
N stage
NO 2/2.82 3/4.23 0.649/0.207
NI 63/88.73 58/81.69 0.237/1.397
Nx 6/8.45 10/14.08 0.288/1.127

DTC differentiated thyroid cancer; F female; M male; PTC papillary thyroid carcinoma; FTC follicular
thyroid carcinoma; PTP-TP post-therapeutic '*'I-SPECT/CT positive and stimulated serum thyroglobulin
positive; PTP-TN post-therapeutic BI.SPECT/CT positive and stimulated serum thyroglobulin negative
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Table 3 Clinical characteristics of DTC patients who were PTP-TP
or PTP-TN in groups-2

Clinical characteristics Groups-2 P value
PTP-TP PTP-TN

Agelyears 0.32
Median (range) 42 (17-74) 44 (17-68)

Gender 0.66
Male 17 13
Female 35 39

Number of thyroid surgery 0.43
1 42 45
>2 10 7

Pathological of DTC 0.14
PTC 50 46
FTC 2 6

131 Therapy courses 0.24
1 24 30
>2 28 22

Neck US 0.01
Positive 28 15
Negative 24 37

DTC differentiated thyroid cancer; F female; M male; PTC papillary
thyroid carcinoma; FTC follicular thyroid carcinoma; PTP-TP post-
therapeutic 3I1.SPECT/CT positive and stimulated serum thy-
roglobulin positive; PTP-TN post-therapeutic '*'I-SPECT/CT posi-
tive and stimulated serum thyroglobulin negative

patient selection for RAI therapy in different countries could
influence the incidence of this condition; (2) differences in
the imaging modality (in this study SPECT/CT was used,
while in previous research planar '*'T whole body scan was
used) could contribute to the different results observed; (3)
also the short whole body scanning time could reduce the
quality of your whole body scanning and detection of small
and/or lower uptake foci which could be another potential
bias.

BI.SPECT/CT is increasingly used to evaluate patients
with DTC. Post-therapy scans with '*'I-SPECT/CT
improve detection and localization of '*'T accumulation in
lymph node metastases and distant metastases compared
with planar WBS and reduce the number of equivocal
diagnoses and the need for additional cross-sectional
imaging [12]. It has been reported that integrated '*'I-
SPECT/CT imaging had an incremental diagnostic value
compared with "*'I-WBS in 47.6-88 % of cases and it was
useful for distinguishing between benign and malignant
lesions with a low confidence level in *'I-WBS [13].

Metastatic pattern in PTP-TN DTC patients was studied
and three site-associated categories were determined, i.e.,
bone, lung and lymph node. Of 71 patients in the present
study, 2 (2.8 %) had bone metastasis, 11 (15.5 %) had lung
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metastasis, and 59 (83.1 %) had lymph node metastasis.
This metastatic profile is coincident with a previous study
(the percentage of lymph node metastasis was 86.5 %) [7].
In patients with lymph node metastasis, all predominantly
had one focal uptake. The number of focal uptake revealed
in patients with nodal involvement was different between
PTP-TN and PTP-TP patients but the the statistical dif-
ferences cannot be calculated because of the small number
of more than one focal uptake patients.

Recurrent and/or metastatic disease in DTC patients
detected by "*'I-SPECT/CT with no rise in sTg levels can
occur due to different reasons. Several technical and
methodological factors can cause false negative Tg deter-
minations [14]. Reasons including small size of the tumor,
unable to release detectable amounts of Tg, or loss of Tg
secretion with preserved capability of '*'I trapping have been
reported [15—17]. Another explanation for low Tg levels in
patients with persistent disease identified by scintigraphy is
structural changes in Tg which can occur as an integral part
of malignant transformation [17, 18]. Alterations of Tg
structure may be based on reduced iodine content, and dif-
ferent amounts of several amino acids and monosaccharides
as demonstrated by Kohno et al. who found that Tg in pap-
illary adenocarcinomas differs from normal Tg [19].

With regard to the cut-off level of sTg and TgAb, we
chose the stimulated serum Tg level of <2 ng/mLand a Tg
Ab level of <100 IU/mL. According to the revised guide-
lines of the American Thyroid Association (ATA), the cut-
off for sTg (2 ng/mL) chosen after thyroid hormone
withdrawal is an appropriate tradeoff between sensitivity
and specificity for the detection of recurrent disease. The
positive cut-off of TgAb (100 IU/mL in the current study)
chosen for evaluation of DTC patients is controversial.
Previous studies have reported that the cut-off level for
TgAb ranges from 30 to 100 IU/mL [7, 11]. Chung et al.
reported that using a cut-off level of 100 IU/mL, the
recurrence rate in TgAb-positive patients (Tg-unde-
tectable) was significantly higher than that in TgAb-nega-
tive patients (49 vs. 3.4 %, P < 0.0001) [20]. However,
some authors [21] consider that Tg measurements are not
reliable in patients with detectable TgAbs, regardless of the
level. In the current study, 12 patients (16.9 %) had
undetectable serum TgAb.

Another interesting finding is the relatively low positive
rate of US for the detection of cervical lymph node
metastasis in PTP-TN DTC patients. As one of the main
tools for the follow-up of DTC patients, neck US is the
most sensitive method for detecting cLNM [1, 9] and the
sonographic criteria for identifying cervical lymph node
metastases are well established [22]. However, it is still
difficult to differentiate recurrent tumors from non-recur-
rent lesions, such as postoperative granulation, suture
granuloma and a benign lymph node, on ultrasound alone
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Fig. 2 Post-therapy "*'I-SPECT/CT findings in patients with cer-
vical lymph node metastasis. a (PTP-TN) A 45-year-old female
papillary thyroid carcinoma patient received 100 mCi radioiodine
after total thyroidectomy. Serum Tg, <0.1 ng/mL; TgAb, <10 IU/

and the lower paratracheal, parapharyngeal, and retropha-
ryngeal nodal chains are inadequately imaged with ultra-
sound [23]. According to our data, in DTC patients with
low sTg levels and metastasis detected by '*'I-SPECT/CT,
neck US could not accurately differentiate between benign
and malignant nodes. The reason for this could be that
these metastatic nodes were too small to reach the meta-
static criteria on ultrasonography. In these cases '*'I-
SPECT/CT was important in the diagnosis of recurrent
and/or metastatic disease from DTC. Qiu et al. [24] also
demonstrated that '*'I-SPECT/CT could identify parapha-
ryngeal metastasis from DTC at an early stage which could
not be adequately imaged by other detectors.

Several limitations have to be mentioned in the current
study. Only 11 of the 71 patients were confirmed to have
metastases by pathology. The use of fine-needle aspiration
biopsy of cervical and mediastinal lymph nodes may con-
firm the presence of metastasis. Without the results of fine-
needle aspiration biopsy, it could be argued that a negative
sTg level, as determined in the present study, is in fact a
false-positive BIL_SPECT/CT finding. However, due to the
nature of the imaging modality used in this study, "*'I-
SPECT/CT effectively excluded residual noncancerous
thyroid tissue located outside the thyroid bed (substernal
goiter or ectopic foci along the thyroglossal duct), physi-
ologic uptake in non-thyroidal tissues, and contamination

mL; TSH, >100 mIU/L). b (PTP-TP) A 43-year-old female
papillary thyroid carcinoma patient received 100 mCi radioiodine
after total thyroidectomy. Serum Tg, 106.4 ng/mL; TgAb, <10 IU/mL;
TSH, >100 mIU/L)

which might mimic uptake on WBS. In addition, 56
patients (78.9 %) were confirmed by repeated '*'I positive
uptake (although the '*'I uptake gradually reduced, per-
sistent positive uptake of '*'I was re-identified by '*'I-
SPECT/CT after approximately 2—11 courses of '>'I ther-
apy during approximately 12-84 months follow-up).
However, SPECT/CT imaging was only performed for
specific areas such as suspicious foci detected on the planar
image. This clinical application of SPECT/CT could result
in missed opportunities for detecting additional occult
lesions in patients with non-suspicious planar image find-
ings. However, an undetectable or low level of sTg asso-
ciated with a normal '*'I-WBS is usually indicative of the
absence of disease. The retrospective nature of the data in
the present study may be another limitation.

In conclusion, 71 DTC patients (2.1 %) were found to
have positive post-therapeutic '*'I-SPECT/CT and nega-
tive sTg. When compared to PTP-TP patients, PTP-TN
patients were older (39 vs. 45 years, P = 0.04).The
metastatic sites in these patients were predominantly
located in the cervical lymph nodes (78.9 %). The positive
rate of US in the detection of cLNM in these patients was
relatively low when compared to PTP-PT patients (28.8 vs.
53.8 %; ;(2 = 6.70; P = 0.01). Based on these findings,
even with sTg <2 ng/mL, there is a low risk of metastatic
thyroid carcinoma. US had limitations in PTP-TN patients,
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while post-therapy '*'I-SPECT/CT had an advantage in the
detection of functioning metastasis despite a low sTg level
in patients with metastatic DTC.
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