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Abstract
Objective The purpose was to provide uptake and radiation dose estimates to salivary glands (SG) and pathologic lesions following  
radioiodine therapy (RIT) of differentiated thyroid cancer patients (DTC).
Methods A group of DTC patients (n = 25) undergoing 131I therapy joined this study with varying amounts of therapeutic activ-
ity. Sequential SPECT/CT scans were acquired at 4 ± 2, 24 ± 2, and 168 ± 3 h following administration of 3497–9250 MBq 131I. 
An earlier experiment with Acrylic glass body phantom (PET Phantom NEMA 2012 / IEC 2008) was conducted for system cali-
bration including scatter, partial volume effect and count loss correction. Dose calculation was made via IDAC-Dose 2.1 code.
Results The absorbed dose to parotid glands was 0.04–0.97 Gy/GBq (median: 0.26 Gy/GBq). The median absorbed dose 
to submandibular glands was 0.14 Gy/GBq (0.05 to 0.56 Gy/GBq). The absorbed dose to thyroid residues was from 0.55 to 
399.5 Gy/GBq (median: 21.8 Gy/GBq), and that to distal lesions ranged from 0.78 to 28.0 Gy/GBq (median: 3.12 Gy/GBq). 
41% of the thyroid residues received dose > 80 Gy, 18% between 70–80 Gy, 18% between 40–70 Gy, and 23% has dose < 40 Gy. 
In contrast, 18% of the metastases exhibited a dose > 80 Gy, 9% between 40–60 Gy, and the dose to the vast majority of lesions 
(64%) was < 40 Gy.
Conclusion It was inferred that dose estimation after RIT with SPECT/CT is feasible to apply, together with good agreement 
with published 124I PET/CT dose estimates. A broad and sub-effective dose range was estimated for thyroid residues and 
distal lesions. Moreover, the current methodology might be useful for establishing a dose–effect relationship and radiation-
induced salivary glands damage after RIT.
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1 Introduction

Thyroid cancer has been shown responsible for 0.2—0.5% of 
cancer-related deaths. In particular, well-differentiated thyroid 
cancer (DTC) is considered the most common type making up 
around 85–95% of all thyroid cancers [1, 2]. In DTC manage-
ment, total thyroidectomy is deemed the curative-intent therapy 
of DTC followed by adjuvant radioiodine therapy (RIT) to eradi-
cate occult microscopic thyroid foci, extra-thyroidal extensions, 
involvement of lymph nodes, and distant metastases [3]. 131I is 
a β- emitting radionuclide that decays to stable xenon-131 with 

a physical half-life of 8.02 days, a principal γ-ray of 364 keV, 
maximum β- energy of 0.61 MeV, and linear energy transfer of 
0.25 keV/μm [4]. The therapeutic activity is often a standard-
ized activity chosen empirically with less focus on personalized 
dosimetry. After oral administration, radioiodine systemically 
circulates through the entire body with mounting uptake in 
thyroid residues and iodine avid lesion. In the meantime, well-
perfused organs such as red marrow and kidneys are exposed to 
the risk of radiation-induced malfunctions [5, 6].

Furthermore, the main salivary glands (parotid, submandib-
ular, and sublingual) secret about 90% of the saliva in the oral 
cavity, while only 5% is released from minor lingual glands [7]. 
In RIT, salivary glands concentrate radioiodine 7–700 times 
the serum level due to overexpression of sodium/iodide sym-
porter (NIS). This status leads to the most prevalent side effect 
(sialadenitis) occurring in 10–60% of the treated patients with 
RI in addition to sensation of a dry mouth (xerostomia), and an 
increased risk of oral infections and dental caries [8–12]. It was 
also found that 20% of salivary glands became dysfunctional 
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after 5 years of a single 131I dose and exposure to about 45 Gy 
may cause significant damage to salivary glands [13–15]. So 
far, lemon sucking and chewing gum are routinely used to 
reduce the iodine residence in salivary glands. More recently, 
phenylephrine has been shown effective to alleviate 131I radia-
tion damage by maintaining mitochondrial homeostasis [16].

On the other hand, the finite resolution of the nuclear imag-
ing systems constituted an obstacle to providing exemplary 
dose calculation to lesions. Thus, the trend was directed to 
administer maximum permissible activity limited by the dose 
boundaries of the organs at risk (e.g. red marrow in RIT) [17]. 
Presently, lesions detection and physical modeling of the image 
have been improved with the advent of hybrid technology 
(SPECT/CT and PET/CT) [18, 19]. Nevertheless, obtaining 
reliable dose estimates after administration of large 131I activ-
ity remains challenging due to high radiation flux and count 
loss. Alternatively, quantitative imaging of iodine tracer was 
vastly utilized for dose estimation prior to therapy. However, 
there is a lack of understanding of the consistency between the 
dose measures from the tracer and those actually received after 
therapy in addition to the vulnerability of 131I bio-kinetics to 
change owing to the so-called ‘stunning effect’ [20, 21].

In light of that, the current study aimed to verify the absorbed 
doses to salivary glands and pathologic lesions after radioiodine 
therapy using patients’ SPECT/CT scans and earlier phantom 
investigations in an attempt to resolve dosimetry degrading fac-
tors practically.

2  Materials and methods

2.1  Calibration experiment

Acrylic glass body phantom (PET Phantom NEMA 2012 
/ IEC 2008) was used for the system calibration. A total of 
1983.2 MBq 131I was injected into the whole phantom. There-
after, 20 SPECT/CT scans (≈ 2 scans/ week) were subse-
quently acquired with Symbia™ T scanner (SIEMENS) until 
the activity decayed to a neglected counts loss [< 30 MBq]. 
The acquisition settings were selected as step and shoot mood, 
64 projections/π, 25 s/projection, 15% photo-peak window at 
364 keV with ± 7% scatter windows, and 128 × 128 matrix size. 
OSEM algorithm was used for image reconstruction with 8 
subsets and different numbers of iterations (10, 20, 30, and 
40), followed by low pass Gaussian filtering-9 mm. Regions of 
interest (ROIs) were drawn over the phantom, middle cylinder, 
and the whole frame. The counts/activity conversion factor 
was generated based on the CT scan and 30% is-contour. For 
count loss correction, a correction factor was derived from the 
ratio between the measured and true counts of the phantom 
for every single SPECT/CT scan. Then, a set of mathematical 
equations were derived for count loss correction to be applied 
on the patients scans [22].

For partial volume effect correction (PVC), the spheres 
of 26  cm3, 11.5  cm3, 5.6  cm3, 2.6  cm3, and 0.5  cm3 volume 
were filled with 4:1 activity to background ratio at neglected 
dead time. ROIs were delineated manually on the CT images 
and also automatic 30%-isocontour for different quantifica-
tion methods. Afterward, the measured activity was divided 
by the true activity mount for obtaining recovery coefficients 
(RCs) to be later used in lesions dose estimation.

2.2  Counts loss correction

As expected, the measured counts increased non-linearly 
with larger 131I activity due to machine dead time. Accord-
ingly, a set of bi-compartmental equations combining the 
whole frame counts and the correction factors were gener-
ated for counts loss correction, as follows:

- whole frame counts ≥ 47 kcps,

-whole frame counts ≤ 47 kcps,

y: correction factor, X: whole frame counts (kcps).

At neglected dead time, two conversion factors (counts/MBq) 
were generated; the first was CT- based, and the latter was based 
on automated iso-thresholding over SPECT images. The CT-
based conversion factor was slightly higher than 30% iso-contour 
in order of 4% at  10it. ×  8subsets, and 1% at  40it. ×  8subsets.

2.3  Partial volume effect (PVE)

Recovery coefficients (RCs) were generated from the phan-
tom study to account for the activity underestimation in small 
objects. The obtained RCs were varied according to the meas-
ured volumes from CT and 30%-isocontour methods as demon-
started in Fig. 1. The impact of increasing iterations numbers on 
the quantification accuracy was shown in Fig. 2. It was revealed 
that the recovery coefficients improved relatively with larger 
iterations. Thus, the SPECT/CT scans reconstruction was made 
by  40it. ×  8sub and 9-mm Gaussian filtering for all  patients. And 
the numerical functions shown below were used;

for PVE correction in salivary glands:

for PVE correction in thyroid residues and lesions:

(1)
Y = 0.0009X3 − 0.1039X2 + 3.9189X − 13.309 R − squared = 0.98

(2)Y = 5670.9X−1.33 R − squared = 0.93

(3)RC = 0.1726ln(v) + 0.3208 R − squared = 0.97

(4)RC = 0.5583 × v0.0989 R − squared = 0.96
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RC: recovery coefficient, v: volume  (cm3).

The real volumes of the spheres were well-correlated 
with those estimated by both CT and 30%-iso contour, as 
illustrated in Fig. 3. Accordingly, 30% iso-thresholding was 
employed to measure the volume and counts of thyroid rem-
nants and distal lesions in the patients’ study.

2.4  Clinical study

25 DTC patients (n = 25; 6 males and 19 females) undergo-
ing radioiodine therapy were accepted to join this study. 
Informed consent was received from all the participant 
patients according to the ethical review board at Cerrahpasa 
Medical School. The activity to administer was empirically 
prescribed (by the referring physicians) and broadly varia-
ble based on the clinical case. A range of 3497 to 9250 MBq 
(median: 5550 MBq) was administered to the participant 
patients. The median weight was 72 kg (range: 45–114 kg) 
and the median age was 44 years (range: 19–71). Follow-
ing oral 131I administration, SPECT/CT scans were sub-
sequently acquired at 4 ± 2, 24 ± 2, and 168 ± 3 h with the 
settings summarized in Table1.

The participant patients were prepared by thyroid hor-
mone withdrawal (≈ 4 weeks) and the TSH level was 
above 30 mIU/L. The routinely followed protocol implies 
lemon stimulation and chewing gum to reduce the salivary 
glands’ uptake.

CT images were used to draw ROIs over the salivary 
glands, while automated 30% iso-contour was found supe-
rior for thyroid residues and distant lesions quantification. 
The partial volume effect (PVE) and counts loss were cor-
rected using the equations derived from the calibration 
experiment (Eqs. 1–4). The Uptake values (%) of the targets 
were calculated at the first and second measurements in 
proportion to the administered activity. The activity in the 
target organ  Ai was estimated at a given time by:

C: scatter corrected counts, CLCF: Counts loss correction 
factor, RC: Recovery coefficient, CF: calibration factor.

The total number of disintegrations (Ã) in the salivary 
glands was estimated from the mono-exponential fitting of 
the time-activity plots, while the trapezoidal rule was used to 
generate Ã in the lesions. The time-integrated activity coef-
ficient (ā) was then calculated by:

(5)Ai = [C × (1 + CLCF)]∕RC × CF

Fig. 1  Volumes versus recovery 
coefficients from CT scans (A) 
and 30% iso-threshold (B) with 
40 iterations and 8 subsets

Fig. 2  Recovery coefficients 
improvement with larger iterations 
number over A) CT scan, and B) 
SPECT with 30%-iso contour
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Ao: administered activity, ã: time-integrated activity coef-
ficient (TIAC).

The absorbed dose to salivary glands was calculated by 
IDAC-Dose 2.1 program. This code is equipped with spe-
cific absorbed dose fractions [reported by the International 
Commission on Radiological Protection (ICRP)] and a com-
putational framework of internal dose assessment given for 
reference adults in ICRP Publication 133 [23]. However, the 
absorbed dose to thyroid residues/ lesions was calculated by 
the unit sphere density model built in the IDAC-Dose 2.1 
program. The dose fractions from radioiodine activity for 
spherical volumes, derived from Monte Carlo simulation 
methods, have been reported earlier [24].

2.5  Statistical analysis

Mann–Whitney test was used to compare the absorbed doses to 
submandibular and parotid glands via IBM SPSS Statistics 20.

(6)a = Ã∕A
0

3  Results

3.1  Patients study

The absorbed dose to submandibular glands, parotid glands, 
thyroid residues, and distal metastases was estimated for 
25 patients undergoing radioiodine therapy as reported 
in table 2. The median volume of the right parotid glands 
was 26.7  cm3 (range: 13.0–70.0  cm3), and 26.2  cm3 (range: 
15.2–62.0  cm3) for the left parotid glands. The median vol-
umes of the right and left submandibular glands were 12.5 
 cm3 (range: 8.00–22.5  cm3) and 12.0  cm3 (range: 7.00–21.6 
 cm3), respectively. Furthermore, 22 thyroid residues were 
visualized on SPECT/CT images with a median volume of 
5.42  cm3 (range: 2.82–12.70  cm3) and 10 pathologic lesions 
with a median volume of 5.95  cm3 (range: 2.16–11.50  cm3). 
It was difficult to identify such a lesion or thyroid foci in 
patient number 12 on SPECT/CT.

As summarized in Table 3, the median 131I uptake (%) in 
the thyroid residues at 4 ± 2 h was 0.82 (range: 0.01–10.9) and 
gradually increased to 1.20 (range: 0.04–18.3) after 24 ± 2 h. 
The median uptake in the right parotid glands was 0.18 (range: 
0.03–0.57) at 4 ± 2 h and 0.13 (range: 0.002–0.47) at 24 ± 2 h. 
The median uptake in the left parotid glands was 0.18 (range: 
0.02–0.54) at 4 ± 2 h and 0.12 (range: 0.003–0.44) at 24 ± 2 h. 
Whereas, lower median uptake was manifested in the subman-
dibular glands as 0.10 (range: 0.04–0.21) on the left-sided 
and 0.07 (range: 0.002–0.15) on the right-sided at 4 ± 2 and 
24 ± 2 h, respectively.

Additionally, the interpatient variability in the 131I kinetics was 
comprehended from the variation in the time-integrated activity 
coefficients (TAICs). The median TIAC in the left parotid glands 
was 5.21 min (range: 0.19–25.4) and 4.45 min (range: 0.21–20.4) 
in the right parotid glands. However, right and left submandibu-
lar glands showed lower TIAC values with a median of 2.62 
(0.70–8.95) and 2.59 min (range: 1.10–12.2), respectively.

The present work demonstrated that the absorbed dose 
per unit administered activity to parotid glands varied from 
0.04 to 0.97 Gy/GBq with a median of 0.26 Gy/GBq, and 
the absorbed dose to submandibular glands was lower with a 
median of 0.14 Gy/GBq ranging from 0.05 to 0.56 Gy/GBq, 
as illustrated in Fig. 4. A significant difference  (Pvalue < 0.05) 
was demonstrated between the absorbed doses to parotid and 
salivary glands.

On the other hand, the absorbed dose to thyroid remnants var-
ied among the patients as revealed in Table 4. The absorbed dose 
to thyroid remnants ranged from 0.55 to 399.5 Gy/GBq (median: 
21.8 Gy/GBq), and the distal lesions likewise exhibited a broad 
dose range of 0.78—28.0 Gy/GBq (median: 3.12 Gy/GBq). It 
was also deduced that only 41% of the thyroid residues received 
absorbed dose > 80 Gy and 18% between 70–80 Gy following 
administration of 3497–9250 MBq (median:150 MBq) 131I. 

Fig. 3  The consistency between the actual volumes  (cm3) of the spheres 
and those measured by CT and SPECT with 30%-isocontour

Table 1  SPECT/CT settings used in the patients’ study

Parameter Type

Scan mood step and shoot mood
Number of projections 64 projections/π
Projection time 25 s/projection
Matrix size 128 × 128
Scan windows 15% photo-peak window at 364 keV 

with ± 7% scatter windows
Reconstruction algorithm OSEM algorithm  (8subsets and 40 iterations)
Filter low pass Gaussian filtering-9 mm
Acquisition times 4 ± 2, 24 ± 2, and 168 ± 3 h following 

treatment
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Whereas 18% of the patients received doses amidst 40–70 Gy, 
and the remaining 23% showed absorbed doses less than 40 Gy. 
In contrast, 18% of the metastases had absorbed doses above 
80 Gy, 9% between 40–60 Gy, and the vast majority (64%) 
exhibited absorbed doses less than 40 Gy.

4  Discussion

Radioiodine therapy is deemed an essential standard of care 
for DTC with a favorable impact on overall survival [25, 26]. 
In metastatic DTC patients, the survival rate was significantly 
decreased and larger activity administration is more demanded 
[27, 28]. Commonly, a single dose of 7.4 GBq is applied for 
metastatic DTC, while higher activity (up to 9 GBq) was 
administered for advanced DTC therapy [27, 28]. In 2015, 
less intense treatment strategies for many DTC patients 
including observation or thyroid lobectomy without RIT were 

recommended by the American Thyroid Association (ATA) 
making controversial and significant differences in clinical 
practice [29, 30]. More recently, a joint statement has been 
released (in 2019) by leading nuclear medicine organizations 
involving the ATA, European Association of Nuclear Medi-
cine (EANM), Society of Nuclear Medicine and Molecular 
Imaging (SNMMI), and European Thyroid Association (ETA) 
that defined the indications and the optimal prescribed activ-
ity in RIT by reporting a set of collective principles (Mar-
tinique Principles) [31, 32]. Overall, the administered RAI 
activity can be determined empirically using a "one-dose-
fits-all" regime or based on a dosimetric approach. The sug-
gested 131I activities for postoperative ablation/adjuvant RIT 
were outlined as 1.1–2.2 GBq in low-risk DTC (< 2 cm), 
2.2–3.7 GBq in low-risk (> 2 cm), and intermediate-risk DTC, 
and ≥ 3.7 GBq in high-risk DTC [31]. The empirical approach 
is simple and effective, however, significant adverse reactions 
may arise like reduced bone marrow reserve, lung function 

Table 2  The measured volumes 
 (cm3) of parotid glands and 
submandibular glands, thyroid 
residues, and metastases

Med Median, Min Minimum, Max. maximum, a: lesion 1, b: lesion 2

P.ts Lt parotid Rt parotid Rt submandibular Lt submandibular Thyroid 
residues

Metastases

1 20.1 13.0 12.5 11.3 - 2.16
2 34.3 37.3 22.5 16.9 8.24 -
3 26.2 32.7 9.50 7.70 - -
4 21.6 26.7 11.9 10.8 12.7 -
5 18.9 17.5 12.0 10.5 3.00 -
6 30.0 24.3 11.4 11.0 3.80 -
7 33.1 34.4 18.5 15.1 4.90 -
8 28.5 15.5 18.0 7.00 6.80 -
9 25.8 25.4 13.2 12.0 5.42 -
10 28.8 29.9 10.0 11.0 5.40 4.80
11 37.0 33.0 16.7 21.6 - 4.60
12 18.8 29.4 15.4 15.7 - -
13 21.5 27.4 13.1 12.5 6.40 -
14 21.6 22.0 12.0 14.0 4.75 8.32
15 22.4 23.0 14.5 15.2 5.40 -
16 62.0 70.0 15.3 17.7 10.6 7.50
17 18.8 21.5 8.40 10.3 5.34 7.10
18 29.7 21.5 10.6 12.2 6.60 4.90
19 51.0 47.0 8.20 10.4 3.86 -
20 32.7 42.3 14.0 13.0 6.51 -
21 15.2 18.0 10.2 9.10 5.42 -
22 57.0 62.0 16.0 15.0 7.80 4.04
23 26.0 24.0 10.6 10.1 2.82 -
24a 18.0 19.0 17.0 19.0 12.0 11.5
24b - - - - - 7.00
25 37.0 35.0 8.0 9.0 6.6 -
Med 26.2 26.7 12.5 12.0 5.42 5.95
Min 15.2 13.0 8.00 7.00 2.82 2.16
Max 62.0 70.0 22.5 21.6 12.7 11.5
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impairment, and progressive loss of efficacy after repeated 
treatment [31]. In contrast, the latter dosimetric approach 
is more complicated and provides patient-tailored activities 
with several advantages of high success rates in a single treat-
ment, avoiding suboptimal or excessive 131I administration, 
the possibility to plan the activity to the target volume, and 
reducing radiation toxicity [31, 33–35]. The integrated CT in 
hybrid SPECT/CT was a key element for resolving dosimetry 
problems and improving quantitative accuracy, however, a few 
inherited uncertainties in dose calculation are still matters of 
concern [36, 37]. Though it is challenging to confirm a prefer-
ence between the empiric or dosimetric approach for RIT, the 
latter strategy may be more effective in subjects with critical 
conditions (e.g., renal failure, diffuse lung metastases, and 
reduced bone marrow reserve) [31].

On the other hand, long-term sequelae and elevation of mor-
bidity rates are associated with 131I treatment as well as salivary 

glands deterioration. Unlike tracer-based dosimetry, this study 
sought to provide clinically validated method for post-therapeutic 
dose estimates. From the technical side, the calibration tests with 
IEC PET phantom and SPECT/CT were made to improve the 
dose calculation accuracy. The triple energy windows method 
was utilized for scatter correction with a feasible compromise 
between accuracy and noise as recommended in past 131I studies 
[38, 39]. For PVE correction, recovery coefficients were derived 
to compensate for the activity underestimation in anatomic struc-
tures (e.g. salivary glands and lesions) approximated by spherical 
shape. However, this method might not be a typical model due to 
interference of other factors such as shape, signal-to-noise ratio, 
and position in the image. Alternatively, the geometric transfer 
matrix has been shown effective to improve SPECT quantitative 
accuracy by using the point spread function to calculate regional 
contribution fractions [40, 41]. In addition, the accuracy of the 
area under time-activity curve is associated with several factors 

Table 3  Uptake values (%) 
of the submandibular glands, 
parotid glands, thyroid residues, 
and metastases

Med median, Min minimum, Max. maximum, a: lesion 1, b: lesion 2

pts Rt  
submandibular

Lt  
submandibular

Lt
parotid

Rt
parotid

Thyroid  
residues

Metastases

4 ± 2 24 ± 2 4 ± 2 24 ± 2 4 ± 2 24 ± 2 3 24 ± 2 4 ± 2 24 ± 2 4 ± 2 24 ± 2

1 0.15 0.08 0.11 0.06 0.39 0.19 0.28 0.14 - - 0.03 0.05
2 0.18 0.02 0.2 0.05 0.18 0.13 0.17 0.08 0.8 1.2 - -
3 0.05 0.03 0.04 0.03 0.09 0.08 0.1 0.07 - - - -
4 0.07 0.05 0.06 0.05 0.1 0.05 0.15 0.08 9.2 16.5 - -
5 0.09 0.08 0.08 0.07 0.1 0.12 0.08 0.1 9 9.5 - -
6 0.11 0.05 0.12 0.06 0.42 0.22 0.42 0.14 0.2 1 - -
7 0.1 0.03 0.08 0.03 0.28 0.12 0.26 0.13 0.5 0.9 - -
8 0.06 0.08 0.08 0.06 0.15 0.12 0.12 0.13 0.5 1.5 - -
9 0.08 0.15 0.1 0.17 0.18 0.26 0.15 0.21 2.14 3.2 - -
10 0.06 0.02 0.06 0.03 0.24 0.21 0.38 0.47 10.5 2.56 0.44 0.67
11 0.14 0.11 0.1 0.09 0.05 0.03 0.04 0.03 - - 0.01 0.03
12 0.05 0.14 0.05 0.14 0.06 0.24 0.1 0.26 - - - -
13 0.12 0.04 0.04 0.06 0.19 0.04 0.19 0.08 1 0.05 - -
14 0.1 0.07 0.08 0.06 0.16 0.05 0.11 0.05 5.2 6 0.3 0.5
15 0.06 0.05 0.07 0.04 0.23 0.37 0.21 0.28 0.39 1.2 - -
16 0.08 0.08 0.08 0.07 0.41 0.36 0.34 0.46 1 1.2 0.18 0.28
17 0.06 0.03 0.06 0.04 0.17 0.32 0.18 0.31 0.01 0.54 0 0.22
18 0.2 0.08 0.27 0.14 0.41 0.08 0.32 0.07 4.36 9.58 1.74 0.82
19 0.04 0.02 0.07 0.03 0.26 0.12 0.19 0.08 10.85 18.27 - -
20 0.04 0.1 0.07 0.3 0.17 0.2 0.14 0.13 0.07 0.3 - -
21 0.11 0.11 0.13 0.18 0.14 0.07 0.11 0.07 5.63 9.7 - -
22 0.14 0.04 0.18 0.11 0.19 0.08 0.23 0.1 0.15 0.24 0.11 0.06
23 0.21 0.1 0.34 0.23 0.54 0.26 0.57 0.29 0.34 0.23 - -
24a 0.11 0 0.12 0.02 0.02 0 0.03 0 0.06 0.04 0.24 0.1
24b - - - - - - - - - - 0.03 0.028
25 0.1 0.09 0.12 0.12 0.43 0.44 0.39 0.35 0.75 0.82 - -
Med 0.10 0.07 0.08 0.06 0.18 0.12 0.18 0.13 0.82 1.20 0.15 0.16
Min 0.04 0.002 0.04 0.02 0.02 0.003 0.03 0.002 0.01 0.04 0.004 0.03
Max 0.21 0.15 0.34 0.3 0.54 0.44 0.57 0.47 10.9 18.3 1.74 0.82
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like the number of samples, sampling time, and the fitting func-
tion [41]. Unfortunately, it was impossible to increase the number 
of SPECT/CT acquisitions in this study because of the global 
covid-19 pandemic.

From the clinical standpoint, earlier salivary glands assess-
ment and follow-up showed a wide absorbed dose range from 
0.03 to14 Gy/ GBq [42]. In another report, the absorbed dose 
range to a single parotid and submandibular gland was found 
0.10–0.30 Gy/GBq and 0.20–1.20 Gy/GBq, respectively [43]. 
However, these studies like others were based on serial planar 
images with several estimation errors related to volume deter-
mination, background ROIs, and scatter contribution. Excep-
tionally, Jentzen and co-authors estimated the absorbed dose 
to submandibular glands (0.35 ± 0.14 Gy/GBq) and parotid 
glands (0.33 ± 0.09 Gy/GBq) using 124I PET/CT under lemon-
juice stimulation [44]. In contrast, the current study demon-
strated that the absorbed dose per unit administered activity 
to parotid glands varied from 0.04 to 0.97 Gy/GBq with a 
median of 0.26 Gy/GBq. Whereas, the median dose to sub-
mandibular glands was 0.14 Gy/GBq ranging from 0.05 to 
0.56 Gy/GBq. The agreement between the current findings 
obtained after 131I therapy and the aforementioned 124I PET/
CT study ascertain the accuracy of the implemented method 
for post-therapeutic dose estimation.

Clinically, the computed absorbed doses per administered 
activity are indeed small to cause significant damage to sali-
vary glands. However, the oversensitivity to low radiation 
levels is attributed to the unique combination of mucous and 
serous acinar cells in the salivary glands [42]. In radiotherapy, 
a complete loss of salivary glands function has been shown at 
60 Gy. However, the dysfunction of salivary glands occurs in 
a dose-dependent manner after radioiodine therapy [42, 44]. 
For example, a single dose of 6 GBq resulted in a partial 
function loss of 30%, while cumulative administration of 
35 GBq caused a complete glandular failure [42]. Moreover, 
mild dysfunction was observed in 60% of patients following 

RIT with 5143–5550 MBq including decreased uptake and 
delayed excretion in parotid glands. A similar degree of dys-
function was also manifested in the submandibular glands for 
45% of patients. In addition, moderate to severe dysfunction 
and decreased uptake were noted with more iodine therapies 
[45–47]. It has been recently supported that the mean parotid 
dose should be kept below 26 Gy for the preservation of sali-
vary gland function in radiotherapy and a mean dose < 20 Gy 
might increase the local recurrence risk for head and neck 
cancer [48]. On the basis of our findings, a cumulative activ-
ity of 27 GBq is probably adequate to deliver the preservation 
dose (26 Gy) of the parotid gland, and 46 GBq is expected to 
induce parotid glands failure according to the parotid glands 
dose of 0.97 Gy/GBq and maximum tolerated dose of 45 Gy.

In lesion dosimetry, the present work exhibited notably dispa-
rate dose values for thyroid remnants (range: 0.5–399.5 Gy/GBq) 
and metastases (range: 0.78–15 Gy/GBq). In contrast, previous 
131I tracer-based data demonstrated variable absorbed doses to 
thyroid remnants and metastases ranging from 5 to 1000 Gy 

Fig. 4  whisker plot of the absorbed dose values for parotid and subman-
dibular glands

Table 4  Absorbed dose (Gy/GBq) to thyroid residues and metastases

Patients Thyroid residues Metastases

1 - 3.0
2 15.6 -
3 - -
4 153.5 -
5 399.5 -
6 25.6 -
7 20.4 -
8 21.8 -
9 61.2 -
10 76.5 14.8
11 - 0.8
12 - -
13 3.10 -
14 153.0 7.6
15 22.9 -
16 13.2 4.3
17 11.1 3.3
18 199.0 28
19 303.4 -
20 3.20 -
21 193.0 -
22 3.80 1.9
23 11.1 -
24a 0.55 1.8
24b - 0.8
25 15.2 -
Median 21.8 3.12
Minimum 0.55 0.78
Maximum 399.5 28.0
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[49–51]. This consistency represents further proof of the accu-
racy of the dosimetry method used here.

Moreover, it was revealed that only 41% of the thyroid resi-
dues received an absorbed dose > 80 Gy, 18% had an absorbed 
dose between 70–80 Gy, 18% were with a dose range of 
40–70 Gy, and 23% received absorbed dose below 40 Gy 
following administration of 5402 ± 1665  MBq131I. Whereas, 
18% of the distal lesions exhibited absorbed doses above 
80 Gy and 9% between 40–60 Gy, while the vast majority of 
lesions (73%) received doses less than 40 Gy. In dosimetry-
oriented therapy, thyroid ablation was successfully achieved 
with absorbed doses > 49 Gy, 90 Gy, and 300 Gy, while partial 
to complete response was reported for distal metastases after 
receiving doses higher than 40 Gy to 80 Gy [17, 51].

Herein, the safety and efficacy of 131I therapy are exqui-
sitely favorable outcomes for DTC patients that must be 
achieved with personalized data and well-validated dosim-
etry methods. Prospectively, this method might be feasibly 
used for establishing a dose–effect relationship relying on 
reliable dose estimates after RI therapy.

5  Conclusion

Dose estimation to salivary glands and pathologic lesions, 
identified by SPECT/CT, has been shown to be feasible fol-
lowing RIT, together with good agreement with 131I-tracer 
and 124I-PET/CT-based studies. A significant salivary glands 
uptake has been shown in the early hours that may affect the 
accuracy of the measured thyroid uptake by the standard probe. 
A broad and sub-effective dose range was estimated for thy-
roid residues and distal lesions. The feasibility of the current 
dosimetry method may be useful to establish a dose–effect 
relationship in RIT based on post-therapeutic dose estimates.
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