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Abstract: Radioiodine ablation is commonly performed after thyroidectomy for well-differentiated thyroid cancer (DTC). This study aimed
to quantify thyroid remnant uptake in standardized uptake values (SUV) and evaluate its correlation with post-therapy Thyroglobulin
(Tg) levels across different risk groups. We retrospectively quantified SUV uptake with attenuation, scatter, and resolution recovery
corrections on post-therapy SPECT/CT in thyroid cancer patients referred to our centre between 2015 and 2017. Thyroid remnant was
segmented with a maximum SUV of 0.5 as the threshold and total thyroid remnant uptake (SUVW) was obtained. Patients were strati-
fied into low-intermediate, high-intermediate, and high-risk groups based on clinical risk and therapeutic dose. The primary outcome
was the correlation between SUV.__and post-therapy Tg levels. The cohort consisted of 174 adults (age: 50.7+£16.0 yr, F:M=110:64).

Moderate correlations were foundtolt)aétween SUV,,,, and Tg levels in low-intermediate and high-intermediate groups (Spearman’s p=0.65,
P<0.001; p=0.61, P<0.001, respectively). No significant correlation was found in the high-risk group (0=0.12, P=0.33). Stimulated Tg
levels increased (median Tg: 4, 7, and 13 pmol/L) and thyroid remnant uptake decreased (median SUV,_: 272, 51, and 33) across the
low-intermediate, high-intermediate, and high risk groups. In conclusion, this study shows good correlations between the thyroid rem-
nant uptake and thyroglobulin in subgroups of patients with low-intermediate and high-intermediate risk DTC. The rationales for lack of
significant correlation in the high-risk group DTC were discussed. Thyroid uptake quantification may serve as a feasible substitute for Tg

measurements in post-ablation follow-up, offering potential for predicting disease recurrence.
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Introduction

In patients with intermediate- and high-risk thyroid can-
cer following total thyroidectomy, radioactive iodine (RAI)
therapy with *3l sodium iodine (*3!I Nal) is recommended
by clinical guidelines for thyroid remnant ablation and
adjuvant therapy [1, 2]. Subsequently, these patients are
monitored through thyroglobulin (Tg) measurements,
diagnostic whole-body radioiodine thyroid scans, and/or
radiological imaging.

Post-RAI therapy images are routinely acquired using
hybrid single photon emission computed tomography/
computed tomography (SPECT/CT) of the neck and upper
chest, in addition to traditional whole-body planar imag-
ing. Although the routine assessment of the thyroid rem-
nant is primarily visual, recent advancements in image
reconstruction software now enable us to quantify the
thyroid remnant uptake, which is one of the primary goals
of the current study. With the quantified remnant activity,
a direct correlation with serum Tg level is possible, poten-
tially providing insight into the association between the
neck uptake on imaging and serum Tg at the time of RAI
irradiation.

Tg is a large glycoprotein produced by normal or well-dif-
ferentiated malignant thyrocytes [3]. It acts as a sub-
strate for the synthesis of thyroid hormones. Tg is syn-
thesized exclusively in the thyroid follicular cells as a pre-
cursor to thyroid hormones and is subsequently metabo-
lized in the liver, with a mean elimination half-life of 65.2
h [4, 5]. In patients following thyroidectomy and RAI
therapy, Tg is an important tumor marker for disease
progression.

The risk of thyroid remnant ablation failure may be related
to the treatment dose, although this conclusion remains
debatable [6, 7]. Serum Tg levels have been shown to cor-
relate well with the tumor burden [8], and post-ablation Tg
levels have been identified as potential predictors of thy-
roid remnant ablation failure [9-11] and therapeutic fail-
ure [12, 13]. A study in patients treated with 150 mCi of
131 Nal found that delayed whole-body scan neck counts
correlated with serum Tg levels, and both were significant
factors for predicting ablation success [14]. Neverthe-
less, there are limited studies exploring the relationship
between Tg (both suppressed and stimulated) and thyroid
remnant uptake quantified in standardized uptake values
(SUV).
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Approximately 10-25% of patients with differentiated thy-
roid cancer have positive thyroglobulin antibodies (TgAb)
measurements [15, 16], which can interfere with the Tg
measurement, potentially leading to underestimation or
possibly overestimation of Tg levels. Therefore, in this sub-
group of the patient population, measuring the uptake in
the thyroid remnant may provide an important surrogate
marker for Tg levels. In addition, quantification of radioio-
dine-avid lesions could serve as a surrogate marker for Tg
levels in monitoring disease recurrence during long-term
follow-up, and possibly help to determine the optimal *3!|
Nal ablation dose in disease recurrence.

In this study, we aimed to (1) quantitatively measure thy-
roid remnants uptake on SPECT/CT images, and (2)
assess the correlation between thyroid remnants up-
take and Tg levels measured immediately following the
ablation.

Materials and methods

This work outlines the collection of a dataset from patients
who underwent RAI therapy following total thyroidectomy
at our Nuclear Medicine clinic for post-treatment monitor-
ing. It details the image reconstruction process and thy-
roid remnant quantification and concludes with a descrip-
tion of the statistical tests employed to assess the signifi-
cance of our findings.

Subjects

A retrospective chart and imaging review was conducted
of adult patients with differentiated thyroid cancer (DTC)
referred to our clinic for radioactive iodine ablation thera-
py following thyroidectomy from 2015 to 2017. After
reviewing the electronic medical records of this study
group, including disease history, pathology, and laborato-
ry results through the electronic medical records, we
excluded patients who had missing body weight records,
missing stimulated Tg levels, known distal metastases, no
SPECT/CT of the neck, or positive anti-Tg antibodies at the
time of treatment. Additionally, patients with distal metas-
tases detected on post-RAIl therapy imaging were exclud-
ed. The limited number of patients with thyroid stimula-
tion induced by hormone withdrawal were also excluded,
as Tg levels behave differently in this group compared to
those induced by Thyrogen (thyroid stimulating hormone
(TSH)) stimulation [17, 18].

At our institution, Tg and TgAb levels are usually measured
around the time of RAI therapy under Thyrogen stimula-
tion, typically pre-Tg was measured 2 days before RAI
therapy and post-Tg was measured 2 days after RAl thera-
py, or thyroid hormone withdrawal stimulation (2 days
after RAI). RAI therapy for our study group was typically
performed more than 6 weeks following the surgery [19].
Patients with TgAb levels below the reference threshold,
defined as <22 kIU/L or <40 kIU/L depending on the lower
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cut-off value of the immunoassay method used by the
reporting laboratory, were considered ‘antibody-negative’
and included in the study population.

I-131 Sodium lodine SPECT/CT imaging

Post-ablation *3!| Nal SPECT/CT images were acquired
using SPECT with low-dose CT on Siemens Symbia T or
Siemens Intevo Bold scanners with high-energy parallel
hole collimators, reconstructed using ordered subset ex-
pectation maximization (OSEM) with attenuation, scatter,
and resolution recovery corrections, as well as abso-
lute quantification calibration, using HybridRecon™ 5.0
(Hermes Medical Solutions, Stockholm, Sweden). The
reconstructed images were visualized, and the areas
attributed to thyroid remnant tissues were segmented
and quantified using the Affinity Viewer 4.0 software
(Hermes Medical Solutions, Stockholm, Sweden, 2023).
Given the minimal background uptake in the neck out-
side of thyroid remnants, with a mean of 0.043+0.06
SUV,_,, observed in this study, a thresholding-based seg-
mentation method was applied to each SPECT image.
Regions with activity uptake exceeding an arbitrary
threshold of 0.5 SUV__, which is roughly an order of mag-
nitude higher than the background uptake, were delineat-
ed as potential thyroid remnants in most patients. We
retained areas with activity uptake greater than 0.5
SUV__ that corresponded to the thyroid tissue while
excluding other regions such as the parotid glands. After
delineating the remnant thyroid tissue, we recorded the
Suv__,SUV__ . volume (ml), and SUV,_ of the segment-
ed thyroid remnants (Figure 1). In cases where the back-
ground activity exceeded 0.5 SUV__, a spherical con-
straint was applied at the thyroid bed to facilitate the
exclusion of non-target tissues. To test the robustness of
the results, we repeated all thyroid remnant segmenta-
tions using a SUV__ cut-off of 0.1 to capture more thyroid
remnants.

The concept of SUV,__ is similar to total lesion glycolysis
(tumor burden) in oncology, borrowed from FDG PET quan-
tification. It is calculated by multiplying the SUV __of the

segmented remnant tissue by its volume and provides a
measure of the functional activity of our target area.

To perform a detailed analysis, the patients were divided
into low-intermediate, high-intermediate, and high-risk
groups according to Cancer Care Ontario guidelines [20].
Prior to RAI therapy, all patients were consulted, and the
administered treatment dose was determined based on
clinical, histopathological, and imaging information. We
used the above clinically determined therapy doses as
surrogates to reclassify each patient into the correspond-
ing risk group in the context of this study.

Statistical analysis
To select the appropriate statistical analysis tool, we used

the Shapiro-Wilk test to assess the normality of our mea-
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Figure 1. Example demonstrating the process of segmentation and quantification of thyroid remnant tissue. All images display the SPECT
scan co-registered with the corresponding CT in a 3D rendering, along with single slices in the coronal and sagittal views. Top row: We
performed the segmentation on the SPECT image using threshold criteria (>0.5 SUV__ ) via the Single Click Segmentation tool in Affinity
Viewer. After setting the threshold value, a preview of the threshold region was generated from all available voxels that met the criteria.
Bottom row: We selected the regions associated with the thyroid tissue, after which region statistics were automatically calculated. If
multiple disconnected regions were selected, we merged them before recording the final statistics. Additional study properties, including

the patient’s weight and administered dose, are also shown.

surements across all risk groups. To assess the statistical
significance of measurement differences between risk
groups, we used the Kruskal-Wallis test. If a significant
difference was found between risk groups for a measure-
ment, post-hoc pairwise comparisons were performed
using the Mann-Whitney test to identify pairs responsible
for the difference. In these cases, the Bonferroni correc-
tion was applied to p-values to adjust for multiple com-
parisons between risk groups. The significance level was
set at 0.05.

The correlation between SUV,__ and stimulated Tg levels
was assessed using Spearman’s rank correlation coeffi-
cient (p), with a p-value of less than 0.05 considered sta-
tistically significant. The correlation between non-stimu-
lated Tg levels and SUV,__ was not assessed due to the
considerable number of patients with undetectable Tg
levels. Other imaging parameters are reported as median

(range) unless stated otherwise.
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Results

Initially, we identified 225 patients who had undergone
their first RAI therapy following total thyroidectomy. We
excluded patients with incomplete data, including those
with no documented weight (n=16), no post-therapy Tg
measurements (n=9), or no neck SPECT/CT imaging (n=
3). In addition, patients who underwent thyroid hormone
withdrawal (n=10), had distal metastasis (n=6), or had
positive TgAb (n=7) were excluded from the study. This
resulted in 174 patients who had undergone Thyrogen-
stimulated RAIl therapy, used for further analysis in our
study (Figure 2).

Among the 174 patients, 64 (37%) were men and 110
(63%) were women, with a mean age of 50.7+16.0 years.
Histological analysis revealed that 161 (93%) of the
patients had papillary thyroid cancer, 9 (5%) had follicular
thyroid cancer, and the remaining 4 (2%) had mixed papil-
lary-follicular thyroid cancer.
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Consecutive patients with thyroid cancer referred for RAI therapy

Initial exclusion due to incomplete data:
No post therapy Tg measurement (9)

A 4
197 patients

h 4

No documented weight (16)
No SPECT/CT (3)

Additional exclusion due to other reasons:
.| Thyroid hormone withdraw (10)

A 4

“| Distal metastases (6)
Positive TgAb (7)

The final number of patients with Thyrogen
stimulated post RAI therapy scan (n=174)

Figure 2. Flowchart illustrating the data collection process, including the total number of cases initially collected, the exclusion criteria

applied, and the final dataset used for analysis.

Table 1. Demographic and clinical characteristics of the study cohort

sured approximately 2 days before RAI thera-

py, was 1.8+4.9 pmol/L (median: 0.5), while

Characteristics (n=174) Value
Age at RAIl therapy Years 50.7+16.0 the mean tp‘l’sga:'ationftTg ;‘Z‘:et';] measured
approximate ays after erapy, was
Gender Male 64 (34%) 32?9170.4 pz]oI/L {median: 7.0). Thepgverall
Female 110 (66%) . . .

_ ) ratio between post-ablation and pre-ablation
Histology Papillary 161 (93%) Tg levels was 36.1+74.3 pmol/L (median:
Follicular 9 (5%) 110) (Table 1)

Mixed 4 (2%)
Initial risk classification Low-Intermediate 58 (33%) The imaging data statistics of the thyroid
High-Intermediate 52 (30%) remnant obtained using the segmentation
High 64 (37%) threshold of 0.5 SUV__ and stimulated Tg
1131 Dose mCi 90.2+45.9 levels are described in Table 2. For the low-
Pre-ablation Tg (2 days) pmol/L (n=167) 0.5 (0.2, 47.3) intermediate, high-intermediate, and high-

Post-ablation Tg (2 days)
Ratio (post-/pre-ablation Tg)

pmol/L (n=174)

7.0 (0.2,531.2)
11.0 (1.0, 403.0)

risk groups, the stimulated Tg (pmol/L) val-
ues (median (IQR)) were 3.8 (1.2, 8.7), 7.1
(1.7, 25.3), and 13.4 (3.6, 74.0), with corre-

Values are indicated as mean + standard deviation, median (minimum, maximum), or
number (percentage %). Note: The sensitivity for Tg ranged from 0.2 pmol/L (0.13 pg/L)

to 0.76 pmol/L (0.51 pg/L) in hospital and clinic laboratories.

Among the 174 patients, 58 (33%) received doses of
28-75 mCi and were classified as low-intermediate risk,
52 (30%) received 75-110 mCi and were classified as
high-intermediate, and 64 (37%) received doses grea-
ter than 110 mCi and were classified as high risk. The
mean + standard-deviation pre-ablation Tg level, mea-
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sponding thyroid remnant activity SUV,_  val-
ues (median (IQR)) of 271.5 (82.9, 665.5),
51.4 (9.8, 138.8), and 33.1 (10.7, 108.5),
respectively. A moderate correlation was
observed between the SUV,__ and stimulated Tg levels in
the low-intermediate and high-intermediate risk groups,
with a Spearman’s correlation coefficient of 0.65 (p-value
<0.001) and 0.61 (p-value <0.001), respectively [21]. In
contrast, no significant correlation was noted for the high-

risk group, with a Spearman’s correlation coefficient of
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Table 2. Correlation of thyroid remnant total uptake with post-therapy Tg levels across risk groups

N Mean Dose (mCi) SUV,,, (SUVxmi) Stimulated Tg (pmol/L) Spearman’s correlation coefficient
Low-Intermediate 58 31.4+5.1 271.5 (82.9, 665.5) 3.8(1.2,8.7) 0.65*
High-Intermediate 52 99.5+3.2 51.4 (9.8, 138.8) 71(1.7,25.3) 0.61*
High 64 137.9+14.1 33.1(10.7, 108.5) 13.4 (3.6, 74.0) 0.12

*Indicated P<0.05. Values are indicated as mean * standard deviation or median (low-quartile, high-quartile).
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tween Tg and SUV__, with low SUV,_
and high Tg discordance predominantly
observed in the high-risk group, while
high SUV _ and low Tg discordance
were seen exclusively in the low-inter-

mediate risk group (Figure 4).

We further examined the differences
between Tg measurements and total
lesion uptake, focusing on variations
across different risk groups. Figure 5
shows the distribution of Tg measure-
ments after RAl therapy stratified by risk
groups. The Tg levels were significantly
different between the low-intermediate
and high-risk groups (p-value <0.001)
and low-intermediate and high-inter-
mediate risk groups (p-value =0.03).
However, no significant difference was
observed between the high-intermedi-
ate and high-risk groups.

High-Intermediate
Risk Group

Low-Intermediate

Risk Groups and Cut-off
mw Low-Intermediate - Above 0.1
High-Intermediate - Above 0.1

B High - Above 0.1

Figure 3. Bar graph showing Spearman’s correlation coefficients and associated p-
values between total lesion uptake (using thresholds of 0.1 SUV__ and 0.5 SUV,_ )

and Tg levels, stratified by risk group.

0.12 (p-value =0.33). When considering the entire co-
hort, a weak but significant correlation was found, with
Spearman’s correlation coefficient of 0.23 (p-value
=0.002), highlighting the importance of risk stratification
to uncover stronger and more clinically relevant associa-
tions that are masked when analyzing the cohort as a
whole.

Similar findings are identified using the segmentation
threshold of 0.1 SUV__, suggesting the robustness of our
method to a range of thresholds (Figure 3).

Stimulated Tg levels were observed to be low in the low-
intermediate risk group (median =3.8) and higher in the
high-intermediate (median =7.1) and high-risk (median
=13.4) groups, while SUV,_ was higher in the low-inter-
mediate risk group and decreased in the higher risk
groups. In addition, discordant findings were noted be-
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B Low-Intermediate - Above 0.5 -
High-Intermediate - Above 0.5 SuV,,, and 0.5 SUV,__ and stratified by

mmm High - Above 0.5

High Figure 6 shows the distribution of

total thyroid remnant uptake SUV,__
measured for both thresholds of 0.1

risk groups. Significant differences we-
re found between the low-intermedi-
ate and high-intermediate risk groups
(p-values <0.001 for both thresholds of
0.1 and 0.5 SUV__) and between the
low-intermediate and high-risk groups
(p-values <0.001, for both 0.1 and 0.5 SUV__ ). However,
the difference between the high-intermediate and high-
risk groups did not reach significance (p-values =0.31,
and 0.31 for both thresholds of 0.1 and 0.5 SUV__
respectively).

X’

Discussion

We reconstructed quantitative SPECT/CT images from
post-RAI therapy scans and demonstrated that quantifi-
cation of thyroid remnant function is feasible and straight-
forward using a simple image thresholding segmentation
approach. Consequently, the proposed approach is read-
ily deployable in many clinical settings using SPECT/CT
and contemporary image analysis software.

By dividing patients into low-intermediate, high-intermedi-
ate, and high-risk groups based on Cancer Care Ontario

Am J Nucl Med Mol Imaging 2025;15(6):251-261
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failure [2, 9, 22, 23]. For patients at low
risk of recurrence, measuring serum Tg
at the time of remnant ablation/adju-
vant therapy may be useful for predi-
cting subsequent disease-free status
[22]. Additionally, postoperative serum
Tg levels can be used to predict the like-
lihood of successful remnant ablation.
For instance, stimulated Tg values >5-6
ng/mL measured after thyroid hormone
withdrawal were associated with higher
rates of ablation failure, whether the
administered activity was 30 mCi [9]
or 100 mCi [23]. Specifically, a TSH-
stimulated Tg >6 ng/mL was associated
with a 5-fold increased risk of ablation
failure with a 30 mCi administered dose
following thyroid hormone withdrawal
[9].

In this study, we observed that stimulat-
ed Tg (pmol/L) increased (median Tg =4,
7, and 13) while thyroid remnant upta-

L ® ke (SUVxmI) decreased (median SUV__
2 . 5. 500 P 5o =272, 51, and 33) fr'om the low-interme-
Post Tg Level diate to the high-risk groups..SeveraI
i factors may presumably contribute to
sk Groups the observation of high Tg and low
e Low-Intermediate High-Intermediate e High e obse gh 18

Figure 4. Scatter plot demonstrating the relationship between stimulated Tg levels and
total lesion uptake (>0.5 SUV,__ ) across risk groups. Spearman correlation coefficients
and lines of best fit (calculated using least squares regression) are provided for each
group. The correlations across risk groups demonstrate varying strengths of associa-
tion between stimulated Tg levels and total lesion uptake, with stronger relationships

in lower-risk groups compared to the high-risk group.

guidelines, we studied the association between thyroid
remnant uptake (SUVxml) and stimulated Tg at the time
of radioiodine ablation. The main finding of the study was
a moderate correlation between Tg and thyroid remnant
SUV,,, in the low-intermediate and high-intermediate
groups (p=0.65 and 0.61, with p-value <0.001 for both),
while no significant correlation was seen in the high-risk
group (p-value =0.33). However, when considering the
entire cohort, a weak but significant positive correlation
was found between Tg and SUV__ (p=0.23, p-value
=0.002). These results showed that the strength of the
association between Tg and SUV,__ varies across risk
categories, with stronger correlations seen in low-inter-
mediate and high-intermediate risk groups compared to
the high-risk group, highlighting the importance of risk
categorization.

While there are numerous publications on the usefulness
of Tg, studies exploring its relationship with the uptake in
the thyroid bed post-therapy, are limited. Pre- and post-
RAI therapy Tg levels are recognized for aiding in initial
risk stratification, guiding adjuvant therapy decisions, and
predicting disease recurrence or monitoring treatment
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SUV,,,, in the high-risk group. First, one
indication for adjuvant RAI treatment in
the high-risk group is to irradiate micro-
metastases that are not visualized on
imaging, in addition to thyroid remnant
ablation. Consequently, distal micro-me-
tastatic lesions may contribute to ele-
vated Tg without affecting SUV __ in the
neck or being visualized on the whole-body scan. Second,
the decreased SUV__ in the neck may be related to thy-
roiditis. In a study of patients treated with 150 mCi of 31|
Nal, those with thyroiditis were found to have significantly
lower neck counts [14]. Another study involving patients
with thyroiditis identified from post-operative specimens
prior to RAIl therapy reported no or low iodine uptake [24].
In addition, elevated Tg could be secondary to thyroiditis,
as several studies have shown that Hashimoto’s thyroid-
itis is correlated with high pre-RAIl therapy Tg levels [14,
25]. This finding aligns with the clinical observation of
minimal thyroid uptake in patients with subacute thyroid-
itis on routine thyroid scans. Furthermore, thyroiditis and
neck pain may develop following RAIl treatment, likely in
patients treated with high doses of *3!| Nal and those with
significant residual thyroid tissue. Therefore, high Tg lev-
els may result from the release of thyroid hormone due to
post-RAl therapy thyroiditis. This is supported by reported
cases of transient increases in Tg following RAI therapy,
presumed to reflect RAI-induced thyroid tissue destruc-
tion/inflammation with subsequent release of Tg from the
thyroid remnant [26, 27]. Third, although the patients who
underwent RAI therapy had well-differentiated thyroid

Am J Nucl Med Mol Imaging 2025;15(6):251-261
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300 1 p <0.001

has been observed, leading to the con-
clusion that an absolute relationship
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essarily trap iodine, and these proper-
ties can vary from tumor to tumor [31,
32].

The patient’s follow-up was not per-
formed in this study due to the limited
sample size and the retrospective na-
ture of the study with the lack of stan-
dardized follow-up protocols. Neverthe-
less, with the understanding of such
limitations, we examined the data of the
high-risk group (64 patients) 7-9 years
after radioiodine ablation therapy. We
identified 9 patients with recurrence

High-Intermediate
Risk Group
Risk Groups

Low-Intermediate

mmm Low-Intermediate

Figure 5. Post-ablation Tg measurement (pmol/L) distributions, grouped by risk levels.
Modified p-values after applying the Bonferroni correction of three are annotated on

the figures.

High-Intermediate

(14%), 45 with no recurrence, 11 lost to
follow-up (17%) and 1 passed away with-
out adequate follow-up. Comparing the
recurrent to non-recurrent groups, the
difference in median SUV,_ (42.5 ver-
sus 34.3), stimulated Tg (58.6 versus
11.5) and the ratio of Tg (preTg/Sti-
mulated Tg, 18.3 versus 13.9) were not
statistically significant. However, the

pre-Tg (before Thyrogen stimulation)

High

mm High

6.0 -
p <0.001

(2.90 versus 0.76, P<0.005) is statisti-
cally significant. This supports the rea-

5.0 1 p=0.31

‘ soning that distal micrometastases (not

p <0.001 [
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p < 0.001
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\ visualized on post imaging 1-131 scan
but producing thyroid hormone) could
be a main factor contributing to elevat-
ed stimulated Tg, while not contributing
to the SUVMI, which measures thyroid
remnant in the neck.

The association between thyroid rem-
nant burden and Tg at the time of radio-

High-lnte'rmediate
Risk Group
Risk Groups and Cut-off
[ Low-Intermediate - Above 0.1
1 High-Intermediate - Above 0.1
@ High - Above 0.1

Low-Intermediate

Figure 6. Total thyroid remnant uptake measured using two different segmentation
thresholds of 0.1 and 0.5 SUV__, grouped by risk levels. Modified p-values after apply-
ing the Bonferroni correction of three are annotated on the figures for each segmenta-

tion group.

cancer, certain aggressive histological subgroups (e.g.,
Hurthle cell cancer, follicular thyroid cancer, columnar cell
or tall cell variants, and insular carcinoma) may be less
iodine-avid, resulting in lower uptake in the thyroid bed.
This is supported by studies showing that aggressive DTC
typically demonstrates increased FDG uptake on PET and
low uptake on *3!| whole-body scans [28-30]. Further-
more, the loss of the iodine-trapping mechanism in DTC
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I Low-Intermediate - Above 0.5
= High-Intermediate - Above 0.5
I High - Above 0.5

High iodine ablation has been poorly studied
or remains controversial. In a study by
Hwang et al., neck counts divided into
quartiles based on planar images, were
reported to increase as Tg levels in-
creased [14]. Conversely, in a study that
localized minimal residual RAI uptake in
the thyroid bed by SPECT/CT at the time
of RAI remnant ablation in 141 DTC
patients post-total thyroidectomy, re-
searchers found that residual foci in the thyroid bed had
no relationship to postoperative Tg, suggesting that
attempts at radical removal of thyroid tissue in these
locations may not be warranted [33].

In an earlier study of 317 exams involving 128 patients
with DTC, discordant *3!| whole-body scan and Tg findings
were observed in 23% of cases [34]. In a more recent
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Figure 7. Whole-body planar I-131 images (anterior and posterior) and FDG PET (maximum intensity projection (MIP), and axial and
coronal slices) for an example patient with pre- and post-stimulated Tg levels of 14.0 pmol/L and 58.6 pmol/L, respectively. Initial post-
therapy thyroid scan and FDG PET were negative (top). A year later, follow-up FDG PET revealed lung nodules (white arrows) and a hilar
node (yellow arrow), with a stimulated Tg level of 199.7 pmol/L while I-131 post-therapy scan remained negative (bottom).

study involving 84 patients and 170 post-thyroidectomy
DTC studies, a high rate of discordant results were found
between residual functional tissue and Tg levels (47-55%),
and the authors concluded that follow-up should include
both Tg assays and imaging studies [35]. Our study sug-
gests that the correlation between Tg and thyroid remnant
is dose-dependent and associated with the risk groups,
considering the interference of micro-metastases and
thyroiditis, which occur predominantly in the high-risk
patient group receiving higher treatment doses.

Similar to other publications, outliers were observed in
our studies. Interestingly, the discordance of low remnant
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activity uptake with high Tg (e.g. SUV <10, Tg>20, n=6,
mean dose: 147 mCi) was observed only in the high-risk
patient group, whereas the discordance of high remnant
activity uptake with low Tg (e.g. SUV, >500, Tg<10,
n=18, mean dose: 32.5 mCi) was observed exclusively in
the low-intermediate risk group. The rationale for the low
remnant activity uptake-high Tg discordance could be the
presence of micro-metastases in the high-risk patient
group and inflammation in the thyroid bed/remnant due
to the high treatment dose. Figure 7 demonstrates an
example from a 76-year-old male with papillary thyroid
cancer in the high-risk group, treated with 149.5 mCi
(5530 MBq) I-131 Nal. The patient’s pre- and post-thera-
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differs from prior studies that measured
counts within the region of interest
based on planar images. One limitation
of our study is selecting the cut-off cri-
terion for segmenting thyroid remnant
activity which has been done somewhat
arbitrarily. We selected an SUV__ cut-off
of 0.5, which is approximately an order
of magnitude higher than the average
background, to capture remnant activity
in the majority of patients. In cases
where background activity exceeded the
cut-off value, a spherical constraint was
placed around the thyroid remnant in
the neck, which may have slightly over-
estimated SUV,_, but was intended to
reflect the contribution of the thyroid
remnant. To test the robustness of the
results, we repeated all thyroid remnant
segmentations using a SUV__ cut-off of
0.1 to capture more thyroid remnants.
This resulted in a change in mean
Suv from 264 to 280, with little

total

change in the correlation between
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Figure 8. Log-log scatter plot demonstrating the strong correlation between total le-
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SUV,,,, and stimulated Tg (p changes
from 0.65 to 0.64 in the low-intermedi-
ate risk group, from 0.61 to 0.60 in
the high-intermediate risk group and
remained unchanged in the high-risk

group).

sion uptake at thresholds of 0.5 and 0.1. The line of best fit, calculated using least

squares regression and with a slope of 0.99 highlights this near-perfect association
(Spearman’s p=1.00, P<0.001), indicating consistent proportionality across low, inter-

mediate, and high-risk groups.

py stimulated Tg levels were 14.0 pmol/L and 58.6
pmol/L, respectively. Both post-therapy thyroid scan and
FDG PET were initially negative. However, FDG PET one
year later revealed two small lung nodules and a hilar
node, while the diagnostic thyroid scan with SPECT/CT of
the chest remained negative.

The rationale for the high remnant activity uptake-low Tg
discordance in the low-intermediate risk group is unclear
but could possibly be due to the low sensitivity of the Tg
assay in some patients. Tg antibodies are typically mea-
sured in conjunction with Tg in each serum sample pro-
vided for Tg testing, as TgAb can interfere with Tg im-
munometric assay measurements. The false-negative Tg
results can be attributed to the presence of TgAb, and as
such, patients with positive TgAb were excluded from our
study. Additionally, varying measurement techniques be-
tween labs, the effect of the degree of chronicity of TSH
stimulation on serum Tg, and the efficiency of thyroid tis-
sue in secreting Tg may also be contributing factors [32,
35].

Thyroid remnant activity in this study was measured using
SPECT/CT with attenuation and scatter corrections, which
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However, a strong significant correlation
was observed between the total lesion
uptake values obtained using the two
thresholds (p=1.00, p-value <0.001),
indicating that our segmentation method is not highly
sensitive to the set threshold (Figure 8). We chose to
focus on the 0.5 SUV threshold, as it is less affected by
background signal.

The second limitation of our study is that Tg measure-
ments may be subject to variability, as they depend on the
radioimmunoassay or immunometric assay used [16, 36].
Due to the retrospective nature of the study, patients’ Tg
levels were obtained from clinical records, and therefore,
could have been measured at different hospitals or clin-
ics. Furthermore, a considerable number of patients in
our study had Tg levels below the detectable limit (0.2
pmol/L or 0.7 pmol/L depending on the laboratory).
Consequently, we did not perform an analysis of the as-
sociation between non-stimulated (basal) Tg and thyroid
remnant activity, as 41% of patients had undetectable Tg
levels.

Lastly, it is known that Tg levels measured immediately
post-surgery may not be reliable, as surgical manipulation
of the thyroid gland releases significant amounts of Tg
into the systemic circulation. At our institution, the typical
interval between surgery and radioiodine ablation is a
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median of 77.5 days (mean 89.2+49.1), which is unlikely
to contribute significantly to Tg levels in most patients,
although possible residual inflammatory processes may
persist in some patients.

In conclusion, we demonstrated the feasibility of quan-
tifying thyroid remnant uptake on post-ablation therapy
SPECT/CT in patients with thyroid cancer. The quantifica-
tion methodology could be helpful in the quantification of
tumor burden in follow-up diagnostic studies. We exam-
ined the direct association between thyroid remnant
activity and Tg levels during radioiodine ablation which
demonstrated a moderate correlation in the low-interme-
diate and high-intermediate risk groups. However, the cor-
relation in the high-risk group was weak, presumably due
to factors including micro-metastases, thyroid bed/rem-
nant inflammation, and high-risk histological subtypes.
Given that both imaging findings and Tg measurements
are influenced by multiple factors, as evidenced by the
outliers observed in our study, both thyroid scans and Tg
measurements should be used for patient surveillance.
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